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1.
Introduction
In RAN#71 plenary meeting the new Rel-14 SI on VoLTE enhancements was approved [1]. The objectives of the SI are to investigate the potential RAN enhancements to:
· enable VoLTE/video codec mode and codec rate selection and change over E-UTRA; [RAN2-led]
· improve the VoLTE/video  quality perceived by the user by reducing packet loss or allowing the use of higher codec rate; [RAN1-led]
· prioritize VoLTE/video access and/or VoLTE/video related signaling and reduce call drop probability; [RAN2, RAN3]
In this contribution we address a problem we observed during performance testing for video over LTE and potential areas for enhancements to solve the problem at RAN level.
2.
Discussion
When an IMS session for a video call (originating or terminating) is setup one dedicated bearer for voice and another dedicated bearer for video is established. According to GSMA IR.94 [2] the dedicated bearer for video may be a GBR with QCI2 or a non-GBR bearer. 

During performance testing for video over LTE (test setup example: dedicated bearer, GBR/non-GBR bearer, RLC UM, PDCP discard timer = 150ms) we observed the problem of PDCP discard of critical data in UL.
Unlike VoLTE speech decoder, the video decoder is less robust against packet loss. The quality of the decoded frames (or picture) depends on the preceding frames. 
· I-frame (Intra Coded Picture): An I-frame is the key frame for a whole video sequence. If an I-frame is lost or partially lost, the full video sequence is lost until a new I-frame is received. It is perceived by the end-user as a video freeze of typically a few seconds.
· P-frame (Predictive Coded Picture): The P-frame is the compressed frame attached to the I-frame. If a P-frame is fully lost, the prediction chain is broken and the video sequence is frozen until a new I-frame is received. But if a P-frame is partially received, it can be attempted to be decoded and the next frames as well.
Figure 1 shows an exemplary transmission sequence of I-/P-frames in an H.264 video sequence.
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Figure 1: Transmission of I-/P-frames in an H.264 video sequence
Furthermore, unlike VoLTE, the video bitrate is not constant and the size of video frames (after H.264 encoding) may vary significantly. Typical ratio of I-frame/P-frame size = 4 to 5 or even more, e.g. 8 kbytes for I-frame and 2 kbytes for P-frame using a constrained baseline profile (CBP) level 1.2. Therefore, in case the UL radio conditions are not perfect or when the eNB scheduler allocates small grants for video transmission (in case the cell is highly loaded), the transmission time of I-frame is significantly longer than the average transmission time of the other P-frames.
In the protocol stack the I-/P-frames are mapped to RTP packets which are then mapped to IP packets and PDCP SDUs. In PDCP due to the configured PDCP discard timer, the life time of RTP packets is bounded and in UL channel congestion case, some RTP packets may be discarded when they cannot be transmitted successfully before PDCP discard timer expiry. The I-frames are the ones with the highest probability of packet discard since they are the longest frames. 

So data of I-frames are the most critical data of the video bearer for the perceived video quality at the receiving side. They are also the weakest and video bitrate adaptation still does not resolve the problem. IMS has defined some bitrate adaptation mechanism where the receiver can request bitrate adaptation based on statistical analysis of the received video flow (TMMBR - Temporary Max Media BitRate - feedback carried in a RTCP report). The transmitting side can also locally detect radio UL congestion and adapt its bitrate accordingly. But even with bitrate adaptation the problem of PDCP discard of I-frame data cannot be solved.
Also, lost RTP packets need to be retransmitted based on received RTCP feedback from the receiving side. But the RTCP feedbacks to be sent for the received video are carried on the same bearer as the video data to be sent. Hence if the video bearer queue is highly loaded (e.g. in case of UL congestion), these feedbacks are delayed by the pending video data and may be discarded due to expiry of the PDCP discard timer. Therefore, these feedbacks need also be considered as critical data, especially the RTCP Full Intra Request or Picture Loss Indication and RTCP NACK. In Figure 2 an example is illustrated where the PDCP buffer queue for the video bearer contains 5 SDUs (2 SDUs of non-critical data related to IP packets of P-frames, and 3 SDUs of critical data related to IP packets of an I-frame).
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Figure 2: Illustration of PDCP buffer queue for video bearer

As a summary, currently in AS there are no means to prioritize I-frame data and RTCP feedback packets over P-frame data because they are carried on the same bearer. But in case of UL congestion it’s key to transmit the critical data.
In view of the described problem we observed during performance testing we think that there is need to study solutions at RAN level to reduce the risks of UL PDCP discard of critical data. Potential areas for video signalling related enhancements include: 
· Classify RTP video and RTCP feedback packets as critical or non critical SDUs
· Notify the eNB of critical data (I-frame and RTCP feedbacks) available in the video bearer buffer
· Enhance UL scheduling mechanism to allocate UL grants in accordance with the availability of critical data
· etc.
Proposal: RAN2 to discuss the observed problem of PDCP discard of critical data in UL and agree to study solutions at RAN level to solve the problem. 
3.
Summary and conclusion
In this contribution we addressed the problem of PDCP discard of critical data in UL we observed during performance testing for video over LTE and potential areas for enhancements to solve the problem at RAN level.
Proposal: RAN2 to discuss the observed problem of PDCP discard of critical data in UL and agree to study solutions at RAN level to solve the problem. 
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