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1. Introduction
In RAN#103, the revised WID of R19 XR is agreed [1]. The objective for user plane enhancements is follows:
-
Specify the following user plane enhancements [RAN2]

-
RLC re-transmission related enhancements for operation of RLC Acknowledged Mode (AM) with small packet delay budget. 

In this contribution, we will discuss some key issues about RLC re-transmission related enhancements for XR.
2. Discussion
2.1 Drawbacks of current RLC AM scheme 
In this section, we will analyze the drawbacks of current RLC AM scheme when used for XR services.
In RLC AM, the successful transmission of each SDU is guaranteed via the necessary retransmission. In the current scheme, the retransmission of RLC SDU in transmitting side of an AM RLC entity is only triggered by the STATUS PDU from its peer AM RLC entity. However, the transmission of STATUS PDU will not be triggered timely. The Triggers to initiate STATUS reporting include polling from its peer AM RLC entity and detection of reception failure of an AMD PDU. For the polling case, when the received an AMD PDU with SN = x and the P field set to "1", the AM RLC entity will trigger a STATUS report only when the x < RX_Highest_Status or x >= RX_Next + AM_Window_Size is satisfied. For the detection of reception failure case, the AM RLC entity will trigger a STATUS report only when t-Reassembly expires [2], the t-Reassembly timer will start when there are unreceived packets in order in the reception buffer. If the value of t-Reassembly is large (e.g., the maximum value can be 200ms), STATUS PDUs cannot be reported timely for this case. The retransmissions will be triggered according to the too late STATUS PDUs from peer AM RLC entity and extra transmission delay will be introduced.
Observation 1: The retransmission of RLC SDU will be delayed due to late STATUS PDUs from peer AM RLC entity. 
In RLC ARQ, the retransmission of RLC SDU or the RLC SDU segment will not stop until a positive acknowledgement is received from peer side or the count of retransmission reaches the maxRetxThreshold which RLF will be declared.
Observation 2: The transmission delay in RLC layer will be large due to numbers of retransmissions of RLC SDU or RLC SDU segment. 
Observation 3: The retransmissions of RLC SDU or RLC SDU segment will not stop until RLF is declared.
In RLC AM, the concepts of transmitting window and receiving window are introduced. The transmitting side of an AM RLC entity shall not submit to lower layer any AMD PDU whose SN falls outside of the transmitting window. And in the receiving side, if the SN of RLC PDU falls outside of the receiving window, received AMD PDU will be discarded. Considering the high throughput of XR services, the extra delay may be introduced because of the transmitting window and receiving window. Furthermore, the bitrate of service may be reduced due to the transmission stuck caused by transmitting window.
Observation 4: Extra transmission delay may be introduced because of the transmitting window and receiving window in RLC AM.
For XR service, the PDB requirement is critical. For the delay sensitive service, the packets will be useless when the transmission delay exceeds the PDB.
Observation 5: Received packets in the receiving side may be useless due to the large transmission delay introduced in RLC layer.
2.2 Possible enhancement directions for RLC AM
In this section, we will discussion some possible directions for enhancements of RLC AM.
For the delay sensitive traffic, if the retransmission of the RLC PDUs can be speeded, then the delay of transmission of these packets can be reduced. And according to the RLC AM reordering mechanism, the transmission delay of other packets can also be reduced. One possible enhancement direction is that the transmitting side can automatically perform the retransmission for some PDUs, e.g., considering the remaining time for the RLC SDU which is unacknowledged from peer side.
Proposal 1: Transmitting side can perform RLC retransmission automatically considering remaining time of RLC SDUs unacknowledged.
On the other side, if the receiving side can send the STATUS PDU timely, then the RLC retransmission will be speeded or the movement of transmitting window will be speeded. Consequently, the transmission delay introduced in RLC layer can be reduced. In our understanding, one possible solution is that the receiving side can send the STATUS PDU through being aware of the delay deadline of packets.
Proposal 2: Introduce additional STATUS PDU trigger for XR service considering traffic pattern.
Another possible solution is to introduce enhancement for Polling mechanism. In order to achieve an instant STATUS PDU reporting triggered by the Polling PDU, one possible method is that the STATUS report reporting triggered can be triggered by any Polling PDU regardless of the SN of the Polling AMD PDU.
Proposal 3: Study the enhancement of Polling mechanism for instant STATUS PDU reporting.
3. Conclusion

In this contribution, we discussed some issues about RLC re-transmission related enhancements for XR. In particular, we have the following proposals:
Drawbacks of current RLC AM scheme:
Observation 1: The retransmission of RLC SDU will be delayed due to late STATUS PDUs from peer AM RLC entity. 
Observation 2: The transmission delay in RLC layer will be large due to numbers of retransmissions of RLC SDU or RLC SDU segment. 
Observation 3: The retransmissions of RLC SDU or RLC SDU segment will not stop until RLF is declared.
Observation 4: Extra transmission delay may be introduced because of the transmitting window and receiving window in RLC AM.
Observation 5: Received packets in the receiving side may be useless due to the large transmission delay introduced in RLC layer.

Candidate solutions for RLC AM enhancement:

Proposal 1: Transmitting side can perform RLC retransmission automatically considering remaining time of RLC SDUs unacknowledged.
Proposal 2: Introduce additional STATUS PDU trigger for XR service considering traffic pattern.
Proposal 3: Study the enhancement of Polling mechanism for instant STATUS PDU reporting.
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