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1 Introduction
This contribution discusses the following detailed objective of the work item “Further video enhancements for LTE“ [1]:
· Enhancement to solve the problem of critical data discard related to video transmission in order to improve the perceived video quality by the UE:

· Specify mechanism(s) for the UE L2 to be aware that a packet relates to upper layer critical data, and L2 differentiated handling for different prioritized video data [RAN2];
At RAN2 99bis the following agreement was made [2]:
Agreement


It is left up to UE implementation how the UE AS is aware of UL upper layer critical data within a given DRB of one user.
2 Discussion

Due to the nature of intra frames compared to progressive frames, the quality-of-experience of continuous real-time stream of video packets (as in e.g. conversational video [3]

 REF _Ref481653637 \r \h 
[4]) may benefit from the UE being able to prioritize intra frames over progressive frames in cases where packet loss may be anticipated, e.g. either due to poor coverage or congestion. 
Observation 1 The VoLTE and ViLTE service may benefit from prioritization of critical data.

The prioritization may be performed within the existing Quality-of-service (QoS) framework by using separate radio bearers for critical and non-critical data. This would however require updates to the service specifications and increase the number of radio bearers that are established.
Observation 2 The current QoS framework supports prioritization of critical data but requires use of multiple radio bearers, which is not supported by the ViLTE service specification.
The benefit of prioritizing critical data applies to both uplink and downlink. If the critical and non-critical data is mixed on a single radio bearer (as in e.g. ViLTE [3]
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[4]), the eNB needs to detect the critical data in the packet stream for prioritization in the downlink transmission. However, how this is done in the eNB is up to implementation and hence does not need to be considered in this WI. Therefore, we consider that when the WID mentions "mechanism for L2 differentiated handling for different prioritized video data" RAN2 only needs to consider uplink.
Proposal 1 The mechanism for prioritization of critical packets within a radio bearer is only for the uplink transmission.
Prioritization of uplink packets corresponding to critical data may be performed on PDCP, RLC, or MAC layer. We assume that PDCP is a suitable layer for introducing such differentiation as it relates to services and the PDCP layer is the layer receiving the packets from the application layer.

Proposal 2 The differentiated handling of prioritized data is performed in the PDCP layer.

The need for sharing information between different layers may complicate the implementation and should be motivated by performance benefits. 
Proposal 3 The need for sharing information also with the RLC and MAC layers should be motivated by performance benefits.
The efficiency of Robust Header Compression [5] may be negatively impacted by out-of-order packet delivery.
Proposal 4 A solution for prioritizing packets containing critical data should maintain in-order delivery of the packets
In order to utilize the available average transmission rate in cases of fluctuations in the radio environment it is desired to allow for a queue of packets (as currently available within PDCP and controlled via the PDCP discard time) also when prioritizing packets with critical data. 
Proposal 5 A solution for prioritizing packets containing critical data should allow for a short queue to compensate for short fluctuations in the available transport bit rate

3 Solutions
The problem with discarding critical packets in the UL packet queue of the UE is depicted in Figure 1. The packet containing critical data (I frame) is packet K+2, and the other packets are containing non-critical data (P frames). Due to a temporary reduction in available bit rate for the transmission, the packet K+2 is delayed and discarded with the same priority as the P-frames, and in the example only the P-frames K-2, K, K+3, K+4, K+5 are delivered. 
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Figure 1: Legacy operation of PDCP discard of critical packets
Absolute priority of critical packets

One solution is to give absolute priority to a packet containing critical data, i.e. transmit this packet first regardless of if there are packets that have arrived earlier from upper layers that has not been transmitted yet. 

A problem with this solution is the handling of the older, non-transmitted packets. Discarding these packets violates Proposal 5 above and the result may be an unnecessary gap in the video playback and a jerky video. A second alternative is to transmit these older packets after the high priority packet. This may however cause out-of-order delivery which may negatively impact the performance of other transmission elements, e.g. Robust Header Compression [5], and violates Proposal 4 above.

Longer PDCP discard time for critical packets

Another possible solution is to provide a separate, longer, PDCP discard time to packets containing critical data. With this approach, an I-frame will be kept longer than the packets containing non-critical data. A problem with this solution is that some subsequent P-frames with non-critical data that relates to this I-frame may be discarded. This will deteriorate the video due to an incomplete sequence of progressive frames. In worst case, all P-frames until the next I-frame may be unsuitable for reproducing the video image. This is illustrated in Figure 2 where packets K-2, K, K+2, K+4, K+5 are delivered. With this operation, there is a gap in the sequence of P-frames following the I-frame at packet K+2 which may degrade the video experience.
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Figure 2: Longer PDCP discard for critical packets
Shorter PDCP discard for non-critical data
A third solution is to introduce the possibility to apply a shorter discard time for packets containing non-critical data when a packet contining critical data is received from upper layer. This will allow for packets that contain critical data to be prioritized and over time pass the older packets with non-critical data. The operation is outlined in Figure 3, and with this operation packets K-2, K+2, K+3, K+4, K+5 are delivered, thus maintaining in-order delivery and no excessive gaps in the packet sequence.
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Figure 3: Shorter PDCP discard for non-critical packets.
Summary

Based on the discussion above, it is proposed that the mechanism for L2 differentiated handling for different prioritized video data is implemented by introducing a second shorter PDCP discard time that is applied to the already received non-critical data packets when packets with critical data is received from upper layers.
Proposal 6 The mechanism for L2 differentiated handling for different prioritized video data is implemented by introducing a second shorter PDCP discard time that is applied to the already received non-critical data packets when packets with critical data is received from upper layers
4 Conclusion

In section 2 we made the following observations:
Observation 1
The VoLTE and ViLTE service may benefit from prioritization of critical data.
Observation 2
The current QoS framework supports prioritization of critical data but requires use of multiple radio bearers, which is not supported by the ViLTE service specification.


Based on the discussion in section 2 we propose the following:
Proposal 1
The mechanism for prioritization of critical packets within a radio bearer is only for the uplink transmission.
Proposal 2
The differentiated handling of prioritized data is performed in the PDCP layer.
Proposal 3
The need for sharing information also with the RLC and MAC layers should be motivated by performance benefits.
Proposal 4
A solution for prioritizing packets containing critical data should maintain in-order delivery of the packets
Proposal 5
A solution for prioritizing packets containing critical data should allow for a short queue to compensate for short fluctuations in the available transport bit rate
Proposal 6
The mechanism for L2 differentiated handling for different prioritized video data is implemented by introducing a second shorter PDCP discard time that is applied to the already received non-critical data packets when packets with critical data is received from upper layers
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