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Introduction
In the TSG RAN Meeting #103, the revised WID for XR has been discussed in [1] and the following items relative to RAN2 have been approved:
	The Rel-19 XR Phase 3 objectives are as follows:
-	Study and if justified, specify aspects related to multi-modality (intra-UE) (with coordination with SA2/SA4 as needed by LS request). Aim to facilitate efficient and effective support for XR application with Multiple QoS flows with multi-modal inter-dependencies, meeting multi-modal QoS requirements, e.g. synchronization and/or coordination. Efficiency enhancements are expected to be visible in terms of capacity or power consumption. [RAN2]. 
NOTE:	Check in RAN#105 (check also other WG involvement if needed).
-	Specify enhancements to enable transmission/reception in gaps/restrictions that are caused by RRM measurements (from inter-frequency RRM measurement gaps, or intra-frequency measurements, or other scheduling restrictions etc). [RAN1, RAN2, RAN4] 
-	Specify Enhancements for Scheduling, as follows: 
-	For the UL, Study and if justified, Specify enhancements using delay/deadline information, for support of UL scheduling to enable high XR capacity while meeting delay requirements/avoiding too late PDUs. [RAN2].
NOTE:	LCP implementation complexity need to be taken into account when evaluating solutions.
NOTE:	Check in RAN#105
-	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 provide our views on the RLC re-transmission related enhancements.
Discussion
As mentioned in the revised WID [1], the enhancement for XR aims to address efficient and effective mechanisms to meet QoS requirements and lower device power consumption for XR service. In the study of XR service [2], the XR traffic in some cases has the characters of delay sensitive and high reliability. For example, The typical end-to-end latency requirements for the Mobile Metaverse for immersive gaming and live shows is in the range of  [5~20] ms and the reliability is beyond [>99.99%]. 
RLC-AM is considered to be used for the traffic with requirement of high reliability and latency tolerant because it supports the lossless AM operation by ARQ. ARQ operation ensures the high reliability by retransmitting RLC SDUs or segments of RLC SDU based on RLC status reports [3]. The RLC status report  indicates the lost RLC SDUs or RLC SDU segments in the receiving side. The delay in ARQ operation is introduced by the creation and transmission of RLC status reports and the retransmissions of RLC SDU and RLC SDU segments. In fact, when the packet delay budgets (PDB) of data packet is expired, the RLC SDU is not valid and the retransmission of these invalid data is useless. But in the legacy RLC specification, the AM RLC entity never give up retransmissions till the maximum number of retransmissions reached [4]. Thus, although the data has exceeded the PDB, it is still retransmitted to receiving side of AM RLC entity, which is not efficient for the system. Based on the characteristic of XR traffic and RLC-AM mechanism, Rel-19 WI aims to adapt short PDB of XR traffic though enhanced the RLC-AM retransmission triggering mechanism.
SDU discard procedure
In [4] as listed below,  when a particular RLC SDU is indicated from upper layer (e.g. PDCP) to be discarded and has not been submitted to the lower layers, the transmitting side of an AM RLC entity shall discard the indicated RLC SDU. If the RLC SDU is already submitted to the lower layer, the transmitting side of an AM RLC entity does not discard the RLC SDU but keeps transmitting/retranmitting it. The transmitting side of an AM RLC entity ensures that no RLC SN gap is generated. 
	[bookmark: _Toc5722479][bookmark: _Toc46502543][bookmark: _Toc155999973][bookmark: _Toc37462999]5.4	SDU discard procedures
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.



The XR traffic is time sensitive/delay-critical traffic and packet delayed more than the PDB is added to the PER [5], so the packet can be discarded. In the RLC AM operation, the RLC SDU or segment of RLC SDU that has exceeded the PDB in transmitting side of AM RLC entity is not valid, so it could be discarded to avoid the unnecessary resource waste reduce the latency, even it has been delivered to the lower layer. The RLC SDU discard procedure for XR with short PDB is illustrated in the Figure 1. 
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Figure 1. RLC SDU discard procedure for XR with short PDB
Observation 1: The XR traffic is time sensitive/delay-critical traffic and packet delayed more than the PDB is added to the PER, the packet can be discarded.
Proposal 1: In the RLC AM operation, the RLC SDU or segment of RLC SDU that has exceeded the PDB in transmitting side of AM RLC entity could be discarded to avoid the unnecessary resource waste and reduce the latency, even it has been delivered to the lower layer.

RLC SN gap reporting
The discarding of RLC SDUs or segments of RLC SDU that have been delivered to the lower layer in the transmitting side of AM RLC entity may introduce the RLC SN gap and may cause the interruption or window stalling in receiving side. In order to avoid these issues, the transmitting side of AM RLC entity should notify the receiving RLC side with the SN gap when the transmitting side abandons the RLC SDUs or segments of RLC SDU that have exceeded the PDB and have been transmitted to the lower layer. 
Observation 2: The discarding of RLC SDUs or segments of RLC SDU that have been delivered to the lower layer in the transmitting side of AM RLC entity may introduce the RLC SN gap and may cause the interruption or window stalling in receiving side.
Proposal 2: The transmitting side of AM RLC entity should notify the receiving RLC side with the SN gap when the transmitting side abandons the RLC SDUs or segments of RLC SDU that have exceeded the PDB and have been transmitted to the lower layer. 

RLC SN gap reporting format
The transmitting side of AM RLC entity sends reporting to the receiving side to indicate the RLC SN gap when the transmitting side abandons the RLC SDUs or segments of RLC SDU that have exceeded the PDB and have been transmitted to the lower layer.  There are two PDU options for the RLC SN gap reporting:
Option 1: RLC data PDU
Option 2: RLC control PDU
The RLC SN gap reporting may use RLC data PDU or RLC control PDU to report the discarded RLC SDUs . The receiving side of AM RLC entity should be informed with the sets of SN or SN range associated with the discarded RLC SDUs as soon as possible to avoid the window stalling or interruption. In [4], the transmitting side of an AM RLC entity shall prioritize transmission of RLC control PDUs over AMD PDUs. Using RLC control PDU for the RLC SN gap reporting could reduce the delay of RLC SN gap reporting transmission.
The RLC SN gap reporting may include the indications for the sets of SN or possibly SN range fields associated with the discarded RLC SDUs.
Proposal 3: Two PDU options for the RLC SN gap reporting could be discussed in RAN2:
Option 1: RLC data PDUs
Option 2: RLC control PDUs
Proposal 4: The RLC SN gap reporting may include the indications for the sets of SN or possibly SN range associated with the discarded RLC SDUs.
Reception of RLC SN gap reporting 
When the receiving side of AM RLC entity receives the RLC SN gap reporting, it discards the buffered AMD PDUs or segments of AMD PDU associated with SNs contained in RLC SN gap reporting. 
To simplify the reception procedure, the receiving side of AM RLC entity may tread the discarded AMD PDU or segment of AMD PDU as complete received AMD PDU in the reception buffer. And the State variables and timers should be updated according the action as when an AMD PDU is placed in the reception buffer in legacy RLC specification [4]. No new action is needed for handling the RLC SN gap reporting except discarding the AMD PDU or segment of AMD PDU associated with SN contained in RLC SN gap reporting and the receiving side could consider the positively acknowledged associated with discarded RLC SDU when constructing the STATUS reporting. 
Observation 3: To simplify the reception procedure, the receiving side of AM RLC entity may tread the discarded AMD PDU or segment of AMD PDU as complete received AMD PDU in the reception buffer.
Proposal 5: When the receiving side of AM RLC entity receives the RLC SN gap reporting, it discards the buffered AMD PDUs or segment of AMD PDUs associated with SNs contained in RLC SN gap reporting and considers the positively acknowledged associated with discarded RLC SDU when constructing the STATUS reporting. 

ARQ procedures
Retransmission
In [4] as listed below:
	When receiving a negative acknowledgement for an RLC SDU or an RLC SDU segment by a STATUS PDU from its peer AM RLC entity, the transmitting side of the AM RLC entity shall:
-	if the SN of the corresponding RLC SDU falls within the range TX_Next_Ack <= SN < = the highest SN of the AMD PDU among the AMD PDUs submitted to lower layer:
-	consider the RLC SDU or the RLC SDU segment for which a negative acknowledgement was received for retransmission.
When an RLC SDU or an RLC SDU segment is considered for retransmission, the transmitting side of the AM RLC entity shall:
-	if the RLC SDU or RLC SDU segment is considered for retransmission for the first time:
-	set the RETX_COUNT associated with the RLC SDU to zero.
-	else, if it (the RLC SDU or the RLC SDU segment that is considered for retransmission) is not pending for retransmission already and the RETX_COUNT associated with the RLC SDU has not been incremented due to another negative acknowledgment in the same STATUS PDU:
-	increment the RETX_COUNT.
-	if RETX_COUNT = maxRetxThreshold:
-	indicate to upper layers that max retransmission has been reached.



The retransmission in transmitting side of AM RLC entity is triggered by receiving the the STATUS PDU, which includes NACK for an RLC SDU or an RLC SDU segment indicated from receiving side. The RLC SDU or the RLC SDU segment keeps being retransmitted till the retransmission counter associated with this RLC SDU or RLC SDU segment increases to the maximum number or ACK received from the receiving side.
Similar to the RLC SDU that has exceeded the PDB, the retransmissions of these invalid RLC SDUs or segments are useless also. The retransmissions of a RLC SDU or a segment that has exceeded the PDB could be discarded to avoid the unnecessary resource waste.
Proposal 6: The retransmissions of a RLC SDU or a segment that has exceeded the PDB could be discarded to avoid the unnecessary resource waste.
In legacy, the transmitting PDCP entity maintains two discard timer: discardTimer and discardTimerForLowImportance. When  discard Timer expires for a PDCP SDU, the transmitting PDCP entity shall discard this PDCP SDU along with the corresponding PDCP Data PDU. And  discardTimerForLowImportance is used in PSI based SDU discard case to discard the PDCP SDU belonging to a low importance PDU Set. 
The RLC transmitting side may receive the indication from upper layer (e.g. PDCP) when these two timer discardTimer or discardTimerForLowImportance has expired in PDCP.  The RLC AM entity could discard a particular RLC SDU and its retransmissions based on the discard indication. 
Besides, a new timer could be introduced associated with a particular RLC PDU to trigger the discarding action base on the remaining short PDB when the PDCP discard timers are not configured or discard indication from PDCP layer does not transmitted timely. When the new timer expired, the RLC PDU or the segments of the RLC PDU or the retransmission of the RLC PDU should be abandoned. 
Observation 4: The PDCP discard timers may be not configured or indications from PDCP layer do not transmitted timely.
Proposal 7: A new timer could be introduced associated with a particular RLC PDU to trigger the discarding action base on the remaining PDB. When the new timer expired, the RLC PDU or the segments of the RLC PDU or the retransmission of the RLC PDU should be abandoned. 

Since the RLC AM entity abandons retransmissions of RLC SDU or a segement of RLC SDU when the discard indications have been received from PDCP layer or the RLC discard timer expires, the maximum number of retransmissions may not be reached accordingly. The indication from RLC to upper layer indicates the RLC failure (max retransmission has been reached), which may lead Radio Link Failure (RLF) and bring the interruption. Therefore the indication from RLC to upper layer, which indicates max retransmission has been reached as RLC failure, shall not be triggered due to the retransmissions discarding.
Observation 5:  The indication from RLC to upper layer, which indicates max retransmission has been reached as RLC failure, shall not be triggered due to the retransmissions discarding.

Polling
The Polling indicates that the transmitting side of an AM RLC entity requests a STATUS report from its peer AM RLC entity. In [7] as below, the timer t-PollRetransmit is used by the transmitting side of an AM RLC entity in order to retransmit a poll. The typical end-to-end latency requirement for the Mobile Metaverse for immersive gaming and live shows is in the range of  [5~20] ms. Considering the short PDB, the value below 5ms for the timer t-PollRetransmit should be added to reduce the delay of retransmitting the polling. The additional values could be introduced for short PBD of XR traffic, including [1,2,3,4]in milliseconds value.
	T-PollRetransmit ::=                ENUMERATED {
                                        ms1,ms2,ms3,ms4,ms5, ms10, ms15, ms20, ms25, ms30, ms35,
                                        ms40, ms45, ms50, ms55, ms60, ms65, ms70,
                                        ms75, ms80, ms85, ms90, ms95, ms100, ms105,
                                        ms110, ms115, ms120, ms125, ms130, ms135,
                                        ms140, ms145, ms150, ms155, ms160, ms165,
                                        ms170, ms175, ms180, ms185, ms190, ms195,
                                        ms200, ms205, ms210, ms215, ms220, ms225,
                                        ms230, ms235, ms240, ms245, ms250, ms300,
                                        ms350, ms400, ms450, ms500, ms800, ms1000,
                                        ms2000, ms4000, ms1-v1610, ms2-v1610, ms3-v1610,
                                        ms4-v1610, spare1}



Observation 6: The typical end-to-end latency requirement for the Mobile Metaverse for immersive gaming and live shows is in the range of  [5~20] ms. Considering the short PDB, the value below 5ms for the timer t-PollRetransmit should be added to reduce the delay of retransmitting the polling. 
Proposal 8: The additional  values could be introduced for short PBD of XR traffic, including [1,2,3,4]in milliseconds value.

Conclusion
In this contribution, we discussed the RLC enhancements related issues. We propose:
Observation 1: The XR traffic is time sensitive/delay-critical traffic and packet delayed more than the PDB is added to the PER, the packet can be discarded.
Proposal 1: In the RLC AM operation, the RLC SDU or segment of RLC SDU that has exceeded the PDB in transmitting side of AM RLC entity could be discarded to avoid the unnecessary resource waste and reduce the latency, even it has been delivered to the lower layer.
Observation 2: The discarding of RLC SDUs or segments of RLC SDU that have been delivered to the lower layer in the transmitting side of AM RLC entity may introduce the RLC SN gap and may cause the interruption or window stalling in receiving side.
Proposal 2: The transmitting side of AM RLC entity should notify the receiving RLC side with the SN gap when the transmitting side abandons the RLC SDUs or segments of RLC SDU that have exceeded the PDB and have been transmitted to the lower layer. 
Proposal 3: Two PDU options for the RLC SN gap reporting could be discussed in RAN2:
Option 1: RLC data PDUs
Option 2: RLC control PDUs
Proposal 4: The RLC SN gap reporting may include the indications for the sets of SN or possibly SN range associated with the discarded RLC SDUs.
Observation 3: To simplify the reception procedure, the receiving side of AM RLC entity may tread the discarded AMD PDU or segment of AMD PDU as complete received AMD PDU in the reception buffer.
Proposal 5: When the receiving side of AM RLC entity receives the RLC SN gap reporting, it discards the buffered AMD PDUs or segment of AMD PDUs associated with SNs contained in RLC SN gap reporting and considers the positively acknowledged associated with discarded RLC SDUs when constructing the STATUS reporting. 
Proposal 6: The retransmissions of a RLC SDU or a segment that has exceeded the PDB could be discarded to avoid the unnecessary resource waste.
Observation 4: The PDCP discard timers may be not configured or indications from PDCP layer do not transmitted timely.
Proposal 7: A new timer could be introduced associated with a particular RLC PDU to trigger the discarding action base on the remaining PDB. When the new timer expired, the RLC PDU or the segments of the RLC PDU or the retransmission of the RLC PDU should be abandoned. 
[bookmark: _GoBack]Observation 5:  The indication from RLC to upper layer, which indicates max retransmission has been reached as RLC failure, shall not be triggered due to the retransmissions discarding.
Observation 6: The typical end-to-end latency requirement for the Mobile Metaverse for immersive gaming and live shows is in the range of  [5~20] ms. Considering the short PDB, the value below 5ms for the timer t-PollRetransmit should be added to reduce the delay of retransmitting the polling. 
Proposal 8: The additional  values could be introduced for short PBD of XR traffic, including [1,2,3,4]in milliseconds value.
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