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1. Introduction
[bookmark: OLE_LINK206][bookmark: OLE_LINK207][bookmark: OLE_LINK208]In the RAN plenary #75meeting, a new WID on “Further enhancements on Video for LTE” was approved to address the video related optimization for LTE Rel-15, especially real-time video, e.g. mobile surveillance, video conference and video direct broadcasting etc [1]. One of the main objectives of this WI are to do the 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]; 
This contribution intends to provide a general analysis of the described issue and potential mechanism for L2 differentiated handling for video data. 
2. Discussion
[bookmark: OLE_LINK135][bookmark: OLE_LINK136]2.1 	UL critical data discard issue and UE L2 awareness
According to the descriptions in TR 36.933 on Issue 4: UL Video transmission critical data discarded, video data can be classified based on importance to perceived quality at decoder as [2]
· Critical data: I-frames (Intra Coded Picture) of a video sequence and RTCP feedbacks for lost RTP packets. 
· Non-critical data: P-frames (Predictive Coded Picture) of a video sequence
For conversational video (real-time streaming), in case of UL congestion (e.g. high loaded queue or poor radio condition), average transmission time of critical data may exceeds PDCP discard timer. If these critical data are lost because of internal PDCP discard on the sender device, the video stream may stop on the receiver side until these lost data are successfully retransmitted or until a new I-frame is transmitted. As the exemplary use case and measurements showed [3], when this issue happens, video freezes can be observed since some I-frames are not fully transmitted because of PDCP discard and video decoding is stopped until the missing or next I-frame is retransmitted.
Observation 1: In UE PDCP layer, uplink critical data discard issue may lead to bad user experience.

As we can see in the Figure 1 that is quoted from [3], in case of UL congestion, yellow margin appeared which means that some frames were not decoded and therefore the decoded video bit rate dropped. Video freeze is accompanied by the PDCP discards impacting I-frame received at the decoder. But if a P-frame is fully or partially received, it can be attempted to be decoded and prediction can be restored at the video codec. Therefore, the video does not freeze, but some pixellization effects can be perceived.
Observation 2: The less uplink data is discarded, the higher the perceived video quality is expected.

Furthermore, typically one I-frame size is 4-5 times (even more) longer than P-frame, therefore I-frame has a higher probability of PDCP discard. From PDCP point of view, data of I-frame is one type of critical data and it is important for the perceived video quality. Currently, all uplink data is transmitted in one DRB, so there is no means in L2 to differentiate and prioritize the critical data over non-critical data.
If UE L2 can be aware of uplink critical data, it is possible to have different discard behaviours so that critical data can be transmitted with higher possibility. This enhancements will be useful in case of congestion and poor radio condition.
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[bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK137]Figure 1: Exemplary measurement showing impact of PDCP discard timer [3] 

2.2 	Mechanism for L2 handling
Currently, when a DRB is established, a discard timer can be configured by RRC message for PDCP parameters for this DRB with values from 50ms, 100ms to infinity. At the reception of a PDCP SDU from the upper layer, the UE shall start the discard timer associated with this PDCP SDU if configured. When the discard timer expires, the UE shall discard the PDCP SDU along with the corresponding PDU. Even if the PDCP PDU has already been submitted to lower layers, indication to lower layers of the discard is initiated. 
Observation 3: Currently, for one DRB, there is a uniform PDCP discard timer and this timer is for all uplink data related to this DRB.

As one possible solution, a separate PDCP discard timer could be considered for uplink critical data. For one DRB, the UE is configured with two discard timers and the values could be different. For uplink critical data, large timer is used; for uplink non-critical data, short timer is used.
In general, differentiated L2 handling can be simply achieved by improving the scheduling opportunity of critical data with different discard timers. For the new PDCP discard timer, there may need a new UE capability indication on supporting this feature. 
Proposal 1: For one DRB, it is proposed to introduce an additional PDCP discard timer. UE PDCP uses this timer only for uplink critical data and the UE behaviours on this timer follow the existing definitions in TS 36.323.
Proposal 2: For one DRB, if both legacy and new PDCP discard timer are configured, the legacy timer is used for uplink data other than critical data.
Proposal 3: It is proposed to introduce new UE capability on supporting the new PDCP discard timer.
3. Conclusion
In this contribution, we provide technical analysis on L2 differentiated handling for upper layer critical data.
Firstly, we have the following observations:
Observation 1: In UE PDCP layer, uplink critical data discard issue may lead to bad user experience.
Observation 2: The less uplink data is discarded, the higher the perceived video quality is expected.
Observation 3: Currently, for one DRB, there is a uniform PDCP discard timer and this timer is for all uplink data related to this DRB.

Secondly, we have the following proposals:
Proposal 1: For one DRB, it is proposed to introduce an additional PDCP discard timer. UE PDCP uses this timer only for uplink critical data and the UE behaviours on this timer follow the existing definitions in TS 36.323.
Proposal 2: For one DRB, if both legacy and new PDCP discard timer are configured, the legacy timer is used for uplink data other than critical data.
Proposal 3: It is proposed to introduce new UE capability on supporting the new PDCP discard timer.
4. References
[1]	RP-170781, New WID on Further enhancement on Video for LTE, CMCC, Huawei, Intel
[2]	3GPP TR 36.933, Study on Context Aware Service Delivery in RAN for LTE (Release 14)
[3] R2-166583, Impact analysis of critical data discard on UL Video transmission, Intel

image2.png
———————— 1 Yellow areas mean PDCP discards happened, some frames r============
were not decoded and decoded videq bitrate dropped

Bitrate
(kbps)

C(;ngeslion 3112.» ;92 Kkbps "video reezes— vg;éig;gse;ﬁ;qz Kkbps
1 11 Y v vt v T 1) v S T ) T 1) Y T D e i ) TS v v e v vy v

006{s 010620 010525 010530 _ 010535 010540 010645 010650 010655  0L0700 010705 010710 010715 010720  OLO725  OL0730  OLO735  OLO740 010745 010750

\/ Time (hh:mm:ss)
PDCP discards

Impacting I-framé




image3.png
egend
Channel bandwidi (k5ps)  Encoder satto 1 ram sent/ 2 secands

) et o roce s

ovcied g
e eee et e €5 e ik oCP dscard bt e Wi e o 1 ly e





