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Introduction
In last RAN2 meeting, the RLC enhancements has been discussed and the following related agreements have been approved:
	· We focus on RLC AM
=> RAN2 will analyse solutions to ensure timely RLC retransmission(s) for XR
=> RAN2 will analyse how to avoid unnecessary retransmissions (e.g. to avoid reTx of out-dated packets)



In this contribution, we provide our view on the RLC re-transmission related enhancements.
Discussion
In the last RAN2 meeting, RLC-AM is considered to be used for the XR traffic and it is agreed that RAN2 will analyse the solutions for the following items:
· Avoidance of unnecessary re-transmission when the data has exceeded the packet delay budgets (PDB)
· Timely RLC retransmission(s) before data has exceeded the PDB 
In this documents, we intend to discuss these items as below.
Avoidance of unnecessary re-transmission
In the legacy RLC specification [1], 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 from receiving side. The AM RLC entity never gives up retransmissions till the maximum number of retransmissions reached. Thus, although the data has exceeded the the packet delay budgets (PDB) which is indicated from upper layer, it is still retransmitted to receiving side of AM RLC entity, which is not efficient for the system. Hence the retransmissions of an RLC SDU or an RLC SDU segment that has exceeded the PDB could be discarded to avoid the unnecessary resource waste.
RLC SN gap reporting
The RLC AM transmission entity could abandon retransmissions of an RLC SDU or an RLC SDU segment when the discard indications have been received from PDCP layer. The abandoned retransmission of an RLC SDUs or an RLC SDU segments 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. 
Observation 1: The abandoned retransmission of an RLC SDUs or an RLC SDU segments 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 could notify the receiving RLC side with the SN gap when the transmitting side abandons the retransmission of an obsolete RLC SDU or an RLC SDU segment. The discard procedure for XR with short PDB is illustrated in the Figure 1. 
[image: ]
Figure 1. Discard procedure of retransmission of an RLC SDU or an RLC SDU segment for XR with short PDB
Proposal 1: The transmitting side of AM RLC entity could notify the receiving RLC side with the SN gap when the transmitting side abandons the retransmission of an obsolete RLC SDU or an RLC SDU segment. 
RLC SN gap report format
[bookmark: _GoBack]The transmitting side of AM RLC entity sends report to the receiving side to indicate the RLC SN gap when the transmitting side abandons the retransmission of an obsolete RLC SDU or an RLC SDU segment . There are two PDU options for the RLC SN gap report:
· Option 1: RLC data PDU
· Option 2: RLC control PDU
The RLC SN gap report may use RLC data PDU or RLC control PDU to report the abandoned retransmission of RLC SDUs or RLC SDU segments. The receiving side of AM RLC entity should be informed with the sets of SN or SN range associated with the abandonded retransmission of RLC SDUs as soon as possible to avoid the window stalling or interruption. In RLC specification [1], 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 report could reduce the delay of RLC SN gap report transmission.
The RLC SN gap report may include the indications for the sets of SN or possibly SN range fields associated with the abandonded retransmission of RLC SDUs or RLC SDU segments.
Proposal 2: 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 3: The RLC SN gap report may include the indications for the sets of SN or possibly SN range associated with the abandoned retransmission of RLC SDUs or RLC SDU segments.
 
Reception of RLC SN gap report
When the receiving side of AM RLC entity receives the RLC SN gap report, it discards the buffered AMD PDUs or segments of AMD PDU associated with SNs contained in RLC SN gap report and updates the State variables and timers accordingly.
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 [1]. No new action is needed for handling the RLC SN gap report except discarding the AMD PDU or segment of AMD PDU associated with SN contained in RLC SN gap report and the receiving side could consider the positively acknowledged associated with discarded RLC SDU when constructing the STATUS report. 
Observation 2: 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 4: When the receiving side of AM RLC entity receives the RLC SN gap report, 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 report. 
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 [3].  The RLC AM entity could abandoned a particular retransmissions of RLC SDU based on the discard indication and the maximum number of retransmissions may not be reached.  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 [2]. 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.
Proposal 5: The indication for RLC failure from RLC to upper layer shall not be triggered due to the retransmissions discarding.

Timely RLC retransmission
ARQ operation ensures the high reliability by retransmitting RLC SDUs or RLC SDU segments based on the status reports. The status reports in ARQ operations is used to notify the transmitting side of AM RLC entity the transmission results of RLC SDUs or RLC SDU segments from receiving side.  However, the delay may be introduced in ARQ operation by the following items:
· The transmission of the status report
· The retransmissions of RLC SDUs and RLC SDU segments. 
To ensure the RLC SDUs and RLC SDU segments retransmit timely to satisfy the short PDB in XR service, the enhancements could be considered to reduce the delay caused by the transmission of the status report  and the retransmissions of RLC SDU and RLC SDU segments.
Transmission of the RLC status report
In RLC specification [1],  the status report is triggered either by polling from peer AM RLC entity or by the detection of reception failure of an AMD PDU.  Both trigger mechanism could bring the extra delay for transmission of the status report.
	Triggers to initiate STATUS reporting include:
-	Polling from its peer AM RLC entity:
-	Detection of reception failure of an AMD PDU



When the RLC receiving side detects the transmission failure of an AMD PDU, it may delay trigger the status report, e.g.waiting the timer t-Reassembly expires, to ensure HARQ reordering or delay transmit the status report, e.g.waiting the timer t-StatusProhibit expires, to ensure not frequently transmit the status report. 
The Polling from its peer AM RLC entity is included to request a STATUS report. The polling also could be delay triggered, e.g. waiting for the number of transmitted RLC SDUs without polling is larger than the pollPDU or the total data volume of transmitted RLC SDUs without polling is larger than pollByte, or delay transmitted, e.g. waiting the timer t-PollRetransmit expires, to ensure not frequently retransmit the polling as described in  table 1.
Table 1. delay for the transmission of status report
	Delay type
	Polling
	Detection of Reception failure

	Trigger delay
	t-Reassembly expires
	PDU_WITHOUT_POLL >= pollPDU or BYTE_WITHOUT_POLL >= pollByte

	Transmission delay
	t-StatusProhibit expires
	t-PollRetransmit expires



For XR service, the data with low PDB could be transmitted in the particular RLC entity/LCH and it could depend on the network to configure RLC entity properly, e.g. set smaller value for these timers or parameters to reduce the delay.
Proposal 6: For XR service, the XR data with low PDB could be transmitted in the particular RLC entity/LCH and it could depend on the network to configure properly to reduce the delay.
In [4] 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 3: 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 7: The additional values could be introduced for short PBD of XR traffic, including [1,2,3,4] in milliseconds value.
Retransmissions of RLC SDUs and RLC SDU segments
The retransmission of RLC SDUs or RLC SDU segments may exceed the PDB which is not acceptable for the delay-critical service. In order to reduce the delay and ensure the timely retransmission, early retransmission could be triggered even the results of previous transmission or retransmission of RLC SDUs or RLC SDU segments are not received from the peer AM RLC entity.  
The trigger of early retransmission may count on following items: 
· The remaining short PDB is below a threshold 
· Reception failure indication from MAC,e.g. NACK from HARQ
For RLC transmission entity,  the following mechanism could be considered to trigger the early retransmission:
· Option 1: A new indication from PDCP could be used to indicate the remaining short PDB is below a threshold. When the indication received from upper layer, the RLC PDU or the segments of the RLC PDU could be early retransmitted to reduce the delay of retransmissions of RLC SDUs and RLC SDU segments.
· Option 2: A new timer could be introduced associated with a particular RLC PDU to trigger the retransmission action base on the remaining short PDB below a threshold. When the new timer expired, the RLC PDU or the segments of the RLC PDU could be early retransmitted to reduce the delay of retransmissions of RLC SDUs and RLC SDU segments.
· Option 3: A new indication from MAC to indicate the reception failure of a particular RLC PDU to trigger the retransmission action. When the new indication received from lower layer, the RLC PDU or the segments of the RLC PDU could be early retransmitted to reduce the delay of retransmissions of RLC SDUs and RLC SDU segments.
Proposal 8: In order to reduce the delay and ensure the timely retransmission, early retransmission could be triggered even the results of previous transmission or retransmission of RLC SDUs or RLC SDU segments are not received from the peer AM RLC entity.
Proposal 9: The following mechanism could be considered to trigger the early retransmission:
· Option 1: A new indication from PDCP could be used to indicate that the remaining short PDB of RLC SDU is below a threshold to trigger the retransmission action.
· Option 2: A new timer base on the remaining short PDB could be introduced associated with a particular RLC SDU to trigger the retransmission action. 
· Option 3: A new indication from MAC to indicate the reception failure of a particular RLC PDU to trigger the retransmission action.
Conclusion
In this contribution, we discussed the RLC enhancements related issues. We propose:
Observation 1: The abandoned retransmission of an RLC SDUs or an RLC SDU segments 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 1: The transmitting side of AM RLC entity could notify the receiving RLC side with the SN gap when the transmitting side abandons the retransmission of an obsolete RLC SDU or an RLC SDU segment. 
Proposal 2: 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 3: The RLC SN gap report may include the indications for the sets of SN or possibly SN range associated with the abandoned retransmission of RLC SDUs or RLC SDU segments.
Observation 2: 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 4: When the receiving side of AM RLC entity receives the RLC SN gap report, 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 report. 
Proposal 5: The indication for RLC failure from RLC to upper layer shall not be triggered due to the retransmissions discarding.
Proposal 6: For XR service, the XR data with low PDB could be transmitted in the particular RLC entity/LCH and it could depend on the network to configure properly to reduce the delay.
Observation 3: 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 7: The additional values could be introduced for short PBD of XR traffic, including [1,2,3,4] in milliseconds value.
Proposal 8: In order to reduce the delay and ensure the timely retransmission, early retransmission could be triggered even the results of previous transmission or retransmission of RLC SDUs or RLC SDU segments are not received from the peer AM RLC entity.
Proposal 9: The following mechanism could be considered to trigger the early retransmission:
· Option 1: A new indication from PDCP could be used to indicate that the remaining short PDB of RLC SDU is below a threshold to trigger the retransmission action.
· Option 2: A new timer base on the remaining short PDB could be introduced associated with a particular RLC SDU to trigger the retransmission action. 
· Option 3: A new indication from MAC to indicate the reception failure of a particular RLC PDU to trigger the retransmission action.
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