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[bookmark: _Ref488331639][bookmark: _Toc131757144][bookmark: _Ref178064866]Introduction
This paper will discuss the following objective on user plane enhancements:
	· Specify the following user plane enhancements [RAN2]
· RLC re-transmission related enhancements for operation of RLC Acknowledged Mode (AM) with small packet delay budget. 



[bookmark: _Toc131757145]Discussion 
An RLC entity can be configured to perform data transfer in Transparent Mode (TM), Unacknowledged Mode (UM), or Acknowledged Mode (AM). Among the three RLC modes, AM Mode provides reliable transmissions by ARQ-based retransmission. 
For XR, there may be data with small packet delay budget that requires high reliability and thus should be transmitted via RLC AM Mode. Considering the small packet delay budget and high-reliability requirement, there is an interest in RLC re-transmission related enhancements for operation of RLC Acknowledged Mode. With both delay and reliability requirements, the enhancements can be divided into the following two directions:
· Enhancement on faster retransmission or feedback since the concern on RLC-AM feedback or retransmission triggering mechanisms are not well adapted for short packet delay budgets applicable to XR traffic;
· Enhancement on old data discard, to save the useless retransmissions that cannot meet the delay budget requirement.
For the first direction, currently, for retransmission, it will be triggered if the negative acknowledgement is received
	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.


This means faster retransmission can be achieved by either a faster STATUS report or retransmission without feedback (i.e., blind retransmission).
For the retransmission without feedback, it is to further increase the redundancy for reliable transmission. However, RLC AM is not the only solution for reliable transmission, there are PDCP duplication and HARQ re-transmissions can be used to secure reliable transmission.
[bookmark: _Toc162946921]On top of RLC AM retransmission, PDCP duplication and HARQ re-transmissions can be used to further secure the reliable transmission.
So whether further increase of RLC AM blind retransmission has benefits is not justified especially considering in a congestion system, the further increase of RLC AM retransmissions makes the congestion even worse.
[bookmark: _Toc162946927]RAN2 to discuss not to support the enhancement of RLC AM re-transmissions without feedback before the benefit is fully justified.
[bookmark: _Hlk161244195]For the faster STATUS report (i.e., feedback), currently, the STATUS report is triggered in the following conditions
	Triggers to initiate STATUS reporting include:
-	Polling from its peer AM RLC entity:
-	When an AMD PDU with SN = x and the P field set to "1" is received from lower layer, the receiving side of an AM RLC entity shall:
-	if the AMD PDU is to be discarded as specified in clause 5.2.3.2.2; or
-	if x < RX_Highest_Status or x >= RX_Next + AM_Window_Size:
-	trigger a STATUS report.
-	else:
-	delay triggering the STATUS report until x < RX_Highest_Status or x >= RX_Next + AM_Window_Size.
NOTE 1:	This ensures that the RLC Status report is transmitted after HARQ reordering.
-	Detection of reception failure of an AMD PDU
-	The receiving side of an AM RLC entity shall trigger a STATUS report when t-Reassembly expires.
NOTE 2:	The expiry of t-Reassembly triggers both RX_Highest_Status to be updated and a STATUS report to be triggered, but the STATUS report shall be triggered after RX_Highest_Status is updated.
When STATUS reporting has been triggered, the receiving side of an AM RLC entity shall:
-	if t-StatusProhibit is not running:
-	at the first transmission opportunity indicated by lower layer, construct a STATUS PDU and submit it to lower layer.
-	else:
-	at the first transmission opportunity indicated by lower layer after t-StatusProhibit expires, construct a single STATUS PDU even if status reporting was triggered several times while t-StatusProhibit was running and submit it to lower layer.


As shown above, the STATUS report is triggered by polling from the peer AM entity or detection of reception failure, and the transmission of STATUS report is restricted by t-StatusProhibit timer. Therefore, how fast the STATUS report depends on the following factors:
Table 1 Factors Affect STATUS Report triggering 
	Factors
	UL STATUS report
	DL STATUS report
	Faster

	Polling
	Network implementation for faster polling 
	Controlled by pollByte and pollPDU, faster polling can be achieved by appropriate network configuration, e.g., small value of pollByte/ pollPDU 
	Can rely on network implementation to trigger polling or configure polling trigger conditions for the UE.

	Detection of reception failure
	Related to t-Reassembly expiration
	N.A. (Network implementation)
	Can rely on network implementation to configure t-Reassembly value.

	t-StatusProhibit
	Configured by Network 
	N.A. (Network implementation)
	Can rely on network implementation to configure t-StatusProhibit value.


As shown in the above table, all the factors that have impacts on the STATUS report trigger can be controlled by network either by network implementation on the procedure at network side or by network implementation on the related parameter configuration.
[bookmark: _Toc162946922]How fast the STATUS report can be triggered is controlled by the network on the related parameters (pollByte, pollPDU, t-Reassembly and t-StatusProhibit) configuration.
[bookmark: _Toc162946928]RAN2 to discuss relying on network implementation to achieve faster STATUS report for RLC Acknowledged Mode (AM) with small packet delay budget.
Then for the other direction of saving useless retransmissions that cannot meet the delay budget requirement (i.e., discardTimer expires), in the current specification, the PDCP SDU/PDU discard is supported as follows:
	When the discardTimer or discardTimerForLowImportance expires for a PDCP SDU, the transmitting PDCP entity shall:
-	if pdu-SetDiscard is configured:
-	discard all PDCP SDUs belonging to the PDU Set to which the PDCP SDU belongs along with the corresponding PDCP Data PDUs;
NOTE 1:	PDCP SDUs subsequently received from upper layers are also discarded if they belong to the PDU Set.
-	else:
-	discard the PDCP SDU along with the corresponding PDCP Data PDU.
If the corresponding PDCP Data PDU has already been submitted to lower layers, the discard is indicated to lower layers.


As shown in the above PDCP procedure, if discardTimer expires (i.e., packet delay budget requirement cannot be satisfied), the PDCP SDU/PDU will be discarded and the discard will also be indicated to RLC if the corresponding PDCP Data PDU has already been submitted to lower layer.
Currently, for both UM and AM RLC, when receives the discard indication from PDCP, it will discard the RLC SDU when neither the RLC SDU nor a segment thereof has been submitted to the lower layers as follows:
	[bookmark: _Toc5722479][bookmark: _Toc37462999][bookmark: _Toc46502543][bookmark: _Toc155999973]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.


[bookmark: _Toc162946923]The current specification already supports RLC SDU discard for both UM and AM mode when indicated from upper layer (e.g. PDCP) to discard a particular RLC SDU except the SDU or segment has been submitted to lower layers.
For the further enhancement on allowing RLC to discard the in-flight SDU, a further evaluation of the benefit (e.g., how many SDUs can be saved) is needed considering this is only related to the SDUs that have been submitted to lower layers.
[bookmark: _Toc162946924]How much benefit can be achieved for the further enhancement on allowing RLC to discard the in-flight SDU needs to be evaluated considering this is only related to the SDUs that have been submitted to lower layers.
The intention of restricting RLC SDU discard to RLC SDU has not been submitted to lower layer is to avoid SN gap. So the discard of RLC SDUs that have been submitted to lower layer will cause SN gap.
[bookmark: _Toc162946925]The intention of restricting RLC SDU discard to RLC SDU has not been submitted to lower layer is to avoid SN gap.
[bookmark: _Hlk162945569]Besides, the RLC AM retransmission is used to detect RLF, which means allowing in-flight SDU discard in AM mode may cause RLF detection issues, especially in a congestion situation.
[bookmark: _Toc162946926]RLC AM retransmission is used to detect RLF, allowing in-flight SDU discard in AM mode may cause RLF detection issues, especially in a congestion situation.
Therefore, considering the benefit of allowing RLC to discard the in-flight SDU is not very clear and the big effort to support it, it is suggested that RAN2 first study and evaluate the benefit and effort before agreeing on the introduction of this enhancement.
[bookmark: _Toc162946929]RAN2 to evaluate the benefit of allowing RLC to discard the in-flight RLC AM PDU considering the spec effort on handling of SN gap and RLF detection issues.
[bookmark: _Toc131757160]Conclusion
We have the following observations:
Observation 1	On top of RLC AM retransmission, PDCP duplication and HARQ re-transmissions can be used to further secure the reliable transmission.
Observation 2	How fast the STATUS report can be triggered is controlled by the network on the related parameters (pollByte, pollPDU, t-Reassembly and t-StatusProhibit) configuration.
Observation 3	The current specification already supports RLC SDU discard for both UM and AM mode when indicated from upper layer (e.g. PDCP) to discard a particular RLC SDU except the SDU or segment has been submitted to lower layers.
Observation 4	How much benefit can be achieved for the further enhancement on allowing RLC to discard the in-flight SDU needs to be evaluated considering this is only related to the SDUs that have been submitted to lower layers.
Observation 5	The intention of restricting RLC SDU discard to RLC SDU has not been submitted to lower layer is to avoid SN gap.
Observation 6	RLC AM retransmission is used to detect RLF, allowing in-flight SDU discard in AM mode may cause RLF detection issues, especially in a congestion situation.

We have the following proposals:
Proposal 1	RAN2 to discuss not to support the enhancement of RLC AM re-transmissions without feedback before the benefit is fully justified.
Proposal 2	RAN2 to discuss relying on network implementation to achieve faster STATUS report for RLC Acknowledged Mode (AM) with small packet delay budget.
Proposal 3	RAN2 to evaluate the benefit of allowing RLC to discard the in-flight RLC AM PDU considering the spec effort on handling of SN gap and RLF detection issues.
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