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One objective of Rel-19 XR is to enhance RLC AM for XR service with small packet delay budget:

· Specify the following user plane enhancements [RAN2]
· RLC re-transmission related enhancements for operation of RLC Acknowledged Mode (AM) with small packet delay budget. 

We share our initial view on this topic 
2 Discussion
2.1 Termination of ARQ retransmission
Many XR services have short packet delay budge (PDB) but high reliability requirement, e.g., with 99% packet successful rate and 10 or 30ms PDB.

High Reliability requirement is achieved via retransmissions through HARQ and further ARQ with RLC AM configured. Because MAC HARQ is configured per UE and common for all DRB/service flows, normally RLC ARQ is configured for service with high reliability. Hence, RLC AM is useful for XR/Metaverse traffic to ensure high reliability requirement.

PDB requirement is generally reflected in discard timer configuration. When a PDCP SDU arrives for transmission, it shall start the discard timer with the configured value. when discard Timer expires, the PDCP SDU shall be discarded. However the corresponding RLC PDU which has been associated with RLC SN and submitted to MAC cannot be discarded in real. In the other word HARQ/ARQ procedure will continue even though PDB exceeds. 

With long delay budget, and proper configuration, it would be a rare case that ARQ still continues while PDB exceeds, hence currently RLC AM never give up retransmission until successful transmission is confirmed or RLF is triggered due to maximum ARQ retransmissions reaches. 

However with short delay budget, if RLC AM is configured, it become more common that the PDB exceeds while ARQ  is not finished successfully yet, but the intention is neither to continue the ARQ retransmission nor declare RLF as current specification. Hence first enhancement of RLC AM for small PDB service is to terminate the ARQ retransmission when discard timer expires.

Proposal 1 discuss RLC AM enhancement to terminate ARQ retransmission upon PDB reaches

Discardtimer at PDCP is configured based on PDB, when discardTimer expire, PDCP layer will indicate this to RLC, so PDCP discard indication could be reused as a trigger to terminate the RLC ARQ retransmission of a RLC SDU. In addition, the transmitting side window and receiver side window should move forward if the ARQ retransmission of a RLC PDU has been terminated:
Currently according specification, the transmitting side of an AM RLC entity shall not discard an RLC SDU if either the RLC SDU or a segment thereof has been submitted to the lower layers.
	When indicated from upper layer (e.g. PDCP) to discard a particular RLC SDU, the transmitting side of an AM RLC entity or the transmitting UM RLC entity shall discard the indicated RLC SDU, if neither the RLC SDU nor a segment thereof has been submitted to the lower layers. The transmitting side of an AM RLC entity shall not introduce an RLC SN gap when discarding an RLC SDU.


To terminate the retransmission of an RLC SDU that has been discarded in PDCP layer, we should also discard it in RLC layer regardless of whether the RLC SDU or a segment thereof has been submitted to the lower layers. However, it shall introduce an RLC SN gap.
Observation 1: Early stop retransmission of an RLC SDU would mean to update the discarding behavior of an RLC SDU which has been submitted to lower layers.
As captured in TS 38.322 [2], only when an RLC SDU with SN = RX_NEXT is successfully received, the counter RX_NEXT, which is the lower edge of the receiving window, will be updated. In other words, the receiving window of an RLC AM entity shall be blocked if any RLC SDU is lost, that is, RLC SN gap should not be introduced in AM RLC transmission. 
	When an AMD PDU with SN = x is placed in the reception buffer, the receiving side of an AM RLC entity shall:
-	if x >= RX_Next_Highest:
-	update RX_Next_Highest to x+ 1.
-	if all bytes of the RLC SDU with SN = x are received:
-	reassemble the RLC SDU from AMD PDU(s) with SN = x, remove RLC headers when doing so and deliver the reassembled RLC SDU to upper layer;
-	if x = RX_Highest_Status:
-	update RX_Highest_Status to the SN of the first RLC SDU with SN > current RX_Highest_Status for which not all bytes have been received.
-	if x = RX_Next:
-	update RX_Next to the SN of the first RLC SDU with SN > current RX_Next for which not all bytes have been received.


If an RLC SDU is retransmitted, it means that an RLC SN has been assigned to the RLC SDU and either the SDU or segment thereof has been submitted to the lower layers. Then, early stop of retransmission of an RLC SDU shall introduce an RLC SN gap and block the advancement of receiving window, since the RLC SDU shall never be successfully received by the receiving side of an AM RLC entity.
Observation 2: Early stop retransmission of an RLC SDU will introduce an RLC SN gap and block the advancement of receiving window.
The key to the issue is that the receiving side does not know whether an RLC SDU has been discarded on the transmitting side, and hence won’t update RX_NEXT. If the RLC SN Gap information (e.g., the RLC SN of discarded RLC SDU) is received from the transmitting side, the receiving side can skip these SNs and update RX_Next accordingly. So we propose RAN2 to discuss the potential RLC SN Gap issue introduced by the discard or early stop of retransmission of an RLC SDU.
Proposal 1b: RAN2 to discuss the potential RLC SN Gap issue introduced by the discard or early stop of retransmission of an RLC SDU.


2.2 Disable RLF trigger from RLC AM
There is also proposal to not trigger RLF when maximum ARQ retransmission reaches.

Maximum times of ARQ retransmissions reaches, it means a RLC PDU cannot be successfully received after (x times of ARQ retransmissions * y time of HARQ retransmissions) . This was considered as a rare case if we assume that x and y would not be small numbers. Of course it also means the PDB of the service is not so small, so NW can  configure x and y with not small numbers. With this assumption, RLF can be triggered. 

However, if the event of reaching the maximum ARQ retransmissions become very common e.g., maximum retransmission times are very small due to the small PDB. we believe there is no point to trigger RLF. 

At the same time, we notice if we can terminate ARQ retransmission based on PDB, it may stop to reach the maximum retransmissions.

Proposal2: discuss RLC AM enhancement to disable RLF declaration upon maximum retransmissions reaches if reaching maximum ARQ retransmissions is still common with other enhancements


2.3 Speed up ARQ retransmission 
In current specification, according to status report, if a NACK feedback has been received for a SDU, it will be pending for retransmission, and retransmission will happen soon because retransmission has higher priority than new SDU. After the retransmission/initial transmission is done, before a feedback is received, the SDU is pending for feedback. This makes sure the transmitting side will only retransmit when it is necessary, at the same time, this would mean long delay cause by feedback based retransmission.

Above two enhancements in section 2.1. and 2.2. are aim to prevent issues when applying RLC AM to a service with small PDB. but if the target is to achieve high reliability and small PDB at the same time, more aggressive enhancement is to speed up the ARQ retransmission. 


Proposal 3: discuss RLC AM enhancement to speed up ARQ retransmission if it is not very complicate

Among all above possible enhancements, we think p1 should be prioritized.

3 Summary
[bookmark: OLE_LINK3]This contribution provided our initial view on RLC AM enhancement for XR service with small PDU and propose:

Proposal 1 discuss RLC AM enhancement to terminate ARQ retransmission upon PDB reaches

Observation 1: Early stop retransmission of an RLC SDU would mean to update the discarding behavior of an RLC SDU which has been submitted to lower layers.
Observation 2: Early stop retransmission of an RLC SDU will introduce an RLC SN gap and block the advancement of receiving window.
Proposal 1b: RAN2 to discuss the potential RLC SN Gap issue introduced by the discard or early stop of retransmission of an RLC SDU.

Proposal2: discuss RLC AM enhancement to disable RLF declaration upon maximum retransmissions reaches if reaching maximum ARQ retransmissions is still common with other enhancements

Proposal 3: discuss RLC AM enhancement to speed up ARQ retransmission if it is not very complicate

