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Abstract
This contribution reviews the framework for low-latency techniques in previous international video coding standards and discusses evaluation metrics about video coding delay. The purpose of this contribution is to help discussions regarding the testing conditions on ultra-low latency (ULL) in the call for proposals (CfP) on video compression with capability beyond VVC.
The framework of previous video coding standards
Many techniques for reducing latency in video coding have been explored so far [1]. At the previous meeting, we proposed a gradual decoder refresh (GDR) test condition for video compression beyond VVC [2] and discussed video coding latencies. In this contribution, we would like to discuss more detailed metrics regarding video coding latencies.
A series of international standards, such as VVC, HEVC, and AVC, share the basic systems and transport interface designs [3]. These include the NAL-unit-based syntax structure, the hierarchical syntax and data unit structure, the supplemental enhancement information (SEI) message mechanism, and the video buffering model based on the hypothetical reference decoder (HRD). 
The HRD has two buffering models, the coded picture buffer (CPB) and the decoded picture buffer (DPB). The CPB is based on the leaky bucket model and controls the delay of the coded bitstream. The CBP has supported both constant and variable bitrates. By varying the initial CPB removal delay and CPB size, we can control the buffering delay. The DPB controls the coded order and the display order. The initial DPB output delay depends on the prediction structure's coding order, and the DPB size depends on the number of reference frames.
VVC and HEVC support ultra-low delay through the decoding unit (DU) based HRD [3,4]. They specify a DU-level HRD operation to support ultra-low delay, which the mechanism implements in a standard-compliant way to enable delay reduction below one picture interval. DU-level CPB and DPB parameters may be signalled, and utilization of this information for the derivation of CPB timing (wherein the CPB removal time corresponds to decoding time) and DPB output timing (display time) is specified.
When investigating video coding latency, the variation of the coded bits and the selection of the prediction structure should be reported as basic coding results. In addition, the HRD parameters related to the coding delay should be evaluated. 
Evaluation metrics for delay
We would like to discuss metrics for evaluating the delay required to achieve ultra-low latency (ULL). In the HEVC call for proposals [5], the coded bits and buffer occupancy for each picture were reported in the Excel sheet. In the VVC call for proposals [6], only the coded bits for each picture were reported because of the constraint on the QP value. However, after that, CE for GDR used several basic coding results [7]. We think, for example, the following parameters may help investigate coding delays to achieve ultra-low latency for the CfP on video compression with capability beyond VVC.
(1)  Basic coding results:
· Coded bits for each picture
· Maximum picture coded bits in the sequence 
· Minimum picture coded bits in the sequence
· Average standard deviation on a sliding window
(2)	Coding delay information regarding HRD:
· Initial CPB removal delay
· CPB size
· Initial DPB output delay
· DPB size
Conclusion
This contribution discussed evaluation metrics for video coding delay to achieve ultra-low latency toward the CfP on video compression with capability beyond VVC. We suggest that the proposed evaluation metrics be included in the test condition the CfP [8, 9] on ULL such as one of the items within Annex D data submission format.
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