



Page 1



[bookmark: _Ref452454252]3GPP TSG-RAN WG2 Meeting #126	R2-2404177
Fukuoka, Japan, May 20 – 24, 2024	

Agenda item:	8.7.5
Source:	Qualcomm Incorporated
Title:	Discussion on RLC enhancements
[bookmark: _Hlk506366071]WID/SID:	NR_XR_Ph3-Core
Document for:	Discussion and decision
Introduction 
In the Rel-19 XR SID, the following objective is specified:
	•  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 paper, we discuss enhancements for meeting this objective.
Discussion
Avoid unnecessary retransmissions
At the last meeting, there were contributions proposing enhancements for avoiding unnecessary retransmissions of outdated PDUs, as a means to improve capacity and reduce latency. A popular proposal is to discard PDUs from RLC retransmission buffer once their remaining times run out. While this proposal can work in theory, it can have impact on legacy UE implementation of RLC buffer management.
An alternative approach is to limit the maximum number of retransmissions. If network configures the maximum number of retransmissions to be the ratio between packet delay budget (or duration of PDCP discard timer) and average round trip time of RLC transmissions, the RLC transmitter would stop transmitting a PDU when its delay budget runs out (or PDCP discard timer expires). Hence no RLC PDUs would need unnecessary retransmissions. 
Observation 1. 	Unnecessary retransmission can be avoided if network limits the maximum number of retransmissions (maxRetxThreshold) based on duration of PDCP discard timer and average round-trip time of RLC transmissions.
In legacy, when number of RLC retransmissions reaches maxRetxThreshold, the UE is required to trigger RLF, because too many failed transmissions imply the air link is not usable any more. However, if retransmission limit is reached only because delay budget runs out, it is unnecessary to trigger RLF, because it is more likely due to temporary congestion instead of unusable link. 
Therefore, if network configures maxRetxThreshold to avoid unnecessary retransmissions for delay sensitive traffic, it should indicate whether the UE should trigger RLF when maxRetxThreshold is reached. 
Proposal 1. 	For an AM RLC entity with delay sensitive XR traffic, network can configure whether UE should trigger RLF when number of retransmissions reaches maxRetxThreshold.  
However, Proposal 1 does not imply that RLF no longer needs to be triggered. Instead, it needs to be defined by some other conditions. Since maximum number of retransmissions are smaller (to match with XR traffic’s delay budget), RLF can be triggered when there is persistent occurrence of PDUs missing their deadlines (PDCP discards). If one such occurrence is considered one instance of failure, then a triggering condition similar to those defined for RLM or BFD can be adopted.   
Proposal 2. 	Introduce a new RLF condition based on how often maxRetxThreshold is reached. 
Autonomous retransmission
Without loss generality, we can analyze the end-to-end delay of delivering a RLC PDU across air interface with UE as transmitter. It consists of the following steps:
· If needed, UE transmits scheduling request and obtains UL grant from gNB;
· UE multiplexes the RLC PDU in the TB and performs HARQ transmission(s);
· After t-StatusProhibit timer expires, gNB (the receiver) sends a STATUS PDU which includes the ACK or NACK information for the PDU;
· This STATUS PDU goes through DL HARQ transmissions and then is delivered to the RLC layer.
 Among the above steps, the key delay components are:
· Delay incurred by HARQ process;
· t-StatusProhibit timer;
· Delay incurred by STATUS PDU crossing DL to reach the transmitter.
We think the first two delays can be controlled by network configuration. For example, the logical channel associated with a delay sensitive RLC entity can be assigned with a high priority, so that its data has more chance being sent out first. Network can configure a short duration for the t-StatusProhibit timer for a delay-sensitive RCL entity, so that the receiver can provide feedback as soon as possible. 
The third component of delay is the most significant of the three, as it accounts for at least half of the total round-trip time. Given that the majority of this delay is made of DL HARQ transmissions, which are entirely managed by gNB, the prospect for its improvement appears limited. Enhancements seem possible only if this step is circumvented.
A possible way to do that is for a transmitter to initiate retransmission of data PDU as early as possible, e.g. even before receiving its status report.
[bookmark: _Hlk162695604]Observation 2. To reduce round-trip delay, a RLC AM transmitter may need to initiate retransmission as early as possible, e.g. even before receiving its status report.
To avoid unnecessary transmissions and waste of radio resources, a transmitter should not trigger such pre-emptive retransmissions unless it is well justified.
Observation 3. To avoid waste of radio resources, a RLC AM transmitter should not perform pre-emptive retransmissions unless they are well justified.
We think that in the following cases a pre-emptive retransmission can be considered, as their benefits are well justified:
· If the remaining time of a SDU has dropped below a threshold (e.g. shorter than the round-trip time), then it is critical to retransmit the SDU as soon as possible.
· If a SDU has been gone through several HARQ retransmissions already, then highly likely the gNB will terminate the HARQ process and let RLC handles the error. Since RLC retransmission is highly likely to happen in this case, the transmitter does not need to wait for feedback from the receiver to start a retransmission.
· In legacy, if there are leftover PUSCH resources after the LCP procedure, those spare bits will be occupied by padding bits. If a RLC entity carries delay sensitive traffic and its retransmission buffer is not empty, then it is more beneficial to use spare PUSCH resources for a RLC retransmission instead of padding bits.
Proposal 3.	If configured by network, a RLC AM transmitter can retransmit a RLC PDU if one of the following conditions is met:
· after the remaining time of the PDU has dropped below a configured threshold; or
· after the PDU has failed a configured number of HARQ transmissions; or
· if the PDU is in the RLC retransmission buffer and there are spare PUSCH resources available after the LCP procedure.
In CA configuration, transmission diversity is useful for pre-emptive retransmissions. For example, given than typical BLER for a HARQ transmission is 90%, if a PDU has already experienced several HARQ failures, then the channel condition very likely is not favorable. It is more sensible to retransmit that PDU on a different radio resource (e.g. a different TRP or carrier) with higher reliability. For a PDU retransmitted due to short remaining time, it is more sensible to send it on a radio resource with high reliability and low latency (e.g. on SpCell only). Therefore, in CA configuration, we think it is beneficial for PDUs in pre-emptive transmissions to have its own separate logical channel. That would allow network to differentiate their handling, e.g. assign them with a different LCH priority, allow them to send their own BSR and DSR, etc. 
Proposal 4.	In CA configuration, network can configure a separate LCH for RLC retransmissions triggered according to the first two conditions specified in Proposal 3.
Conclusion
Based on the above analysis, we respectfully request RAN2 to discuss and agree to the following proposals:
Avoiding unnecessary retransmissions
Observation 1. 	Unnecessary retransmission can be avoided if network limits the maximum number of retransmissions (maxRetxThreshold) based on duration of PDCP discard timer and average round-trip time of RLC transmissions.
Proposal 1. 	For an AM RLC entity with delay sensitive XR traffic, network can configure whether UE should trigger RLF when number of retransmissions reaches maxRetxThreshold.  
Proposal 2. 	Introduce a new RLF condition based on how often maxRetxThreshold is reached. 

Autonomous retransmission by transmitter
Observation 2. 	To reduce round-trip delay, a RLC AM transmitter may need to initiate retransmission as early as possible, e.g. even before receiving its status report.
Observation 3. 	To avoid waste of radio resources, a RLC AM transmitter should not perform pre-emptive retransmissions unless they are well justified.
Proposal 3.	If configured by network, a RLC AM transmitter at UE can retransmit a RLC PDU if one of the following conditions is met:
· after the remaining time of the PDU has dropped below a configured threshold; or
· after the PDU has failed a configured number of HARQ transmissions; or
· if the PDU is in the RLC retransmission buffer and there are spare PUSCH resources available after the LCP procedure.
Proposal 4.	In CA configuration, network can configure a separate LCH for RLC retransmissions triggered according to the first two conditions specified in Proposal 3.
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