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One objective of Rel-19 XR is to enhance RLC AM for XR service with small packet delay budget, last meeting we made following agreements:

	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 document, we share our view on following aspects:
· summarize and compare the possible options of RLC AM windows operation at transmitting and receiving side, in order to give up unnecessary retransmission of an out-of-date packet;  
· list possible solutions to achieve timely RLC retransmission, and give our preference;
· whether RLF trigger in RLC should be disabled.
2 Discussion
2.1 Give up further ARQ retransmission for out-of-date packets
With current RLC AM operation, the transmitter never give up retransmissions of a PDU until successful transmission is confirmed or RLF is triggered due to maximum ARQ retransmissions reaches. At the meantime, the receiver will wait for every RLC PDU’s arrival unless RLC AM entity is reestablished. In another words, both the receiving side window and the transmitting side window will not move forward until the RLC PDU is successful received and confirmed, and the ARQ retransmission is never terminated by any other reason.   

However, In order to support XR service with short delay budge, based on contribution submitted to last meeting, we achieved common understanding that we should avoid unnecessary retransmissions of a PDU which is already out-dated. This means that both RLC AM windows at transmitting side and receiving side need to move forward when retransmission of a RLC PDU become unnecessary.


Proposal 1 Both RLC AM Tx window and Rx window should move forward when retransmission of a RLC PDU become unnecessary, FFS how to determine retransmission of a RLC PDU become unnecessary. 

To achieve above proposal, There are different options on Tx and Rx window operation:

Option 1: Receiving-side timer based 
Tx window: advance when receive status report ( as legacy)
Rx window: advance when a timer expires ( Rx will ACK the PDU if its reception is given up)

This option is receiving side based, because receiving side detects that the retransmission of a RLC PDU is not necessary anymore and can be terminated. this is based on a configured timer. The operation of the timer could be similar to t-Reassembly in RLC UM entity: the timer is initiated when missing RLC PDU(s) are detected (i.e., gap appears between received RLC PDUs), when the timer expires, receiving side no long waits for the missed RLC PDU(s) and move the window forward. As shown below with the new timer named as t-Giveup.
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Figure 1: Receiving side Timer-based operation

When receiving side decides to give up a RLC PDU’s reception, it informs transmitting side. The simplest way is to ACK the corresponding SN in the status report, this will trigger the transmitting side move the window forward

With this option, there is no impact to transmitting side. At the receiving side, we need to introduce a new timer and specify the Rx window operation based on the timer.

Option 2: Transmitting side timer based 
Tx window: advance when PDB/timer expires (Tx will inform the Rx side SN gap, i.e., PDUs are discarded and retransmission has been terminated ) 
Rx window: advance when receive SN gap report from transmitting side

This option is transmitting side-based mechanism, because the transmitting side decides to give up a RLC PDU’s retransmission when a timer expires, and move the Tx window forward as shown in below figure. Discardtimer at PDCP layer is configured based on PDB. When discardTimer expires, PDCP layer will indicate this to RLC, so PDCP discard indication could be reused as a trigger to terminate the RLC ARQ retransmission. A separated timer could be considered too.
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Figure 2: Transmitting side Timer-based operation


The transmitting side will inform the receiving side the RLC PDUs which it does not need to wait for anymore, e.g., via a RLC SN gap report, similar to PDCP SN gap report. This triggers that the receiving side window moves forward.

With this option, we need to introduce RLC SN gap report, specify Tx window operation based on discard indication , and specify Rx window operation based on RLC SN gap report.


Option 3: Both sides timer based 
Tx window: advance when PDB/timer expires 
Rx window: advance when a timer expires 

With this option, transmitting side is same as option2, using the discard timer to terminate unnecessary retransmission. At the same time, the receiving side is same as option1 using a new timer for giving up a missing RLC PDUs. This would avoid to introduce RLC SN gap report in option 2, and minimize the signalling between transmitting side and receiving side. 
The synchronization between Tx and Rx side windows is guaranteed by proper NW configuration. 

At last, There is also proposal to push forward the receiving side window based on indication from PDCP , but it is unclear how to figure out the association between RLC PDU SN and  PDCP PDU SN at receiving side,


Proposal2: RAN2 discuss following options to give up further ARQ retransmissions for out-of-date packets:

Option 1: Receiving-side timer based 
Tx window: advance when receive status report ( as legacy)
Rx window: advance when a timer expires ( Rx will ACK the PDU if its reception is given up)

Option 2: Transmitting side timer based 
Tx window: advance when PDB/timer expires (Tx will inform the Rx side SN gap, i.e., PDUs whose retransmission has been terminated ) 
Rx window: advance when receive SN gap report 

Option 3: Both sides timer based 
Tx window: advance when PDB/timer expires 
Rx window: advance when a timer expires 



2.2 Timely retransmission 
In current specification, retransmission of RLC PDU will be only triggered when a NACK is received according to status report from receiver. Pending retransmission of RLC PDU always has higher priority than any RLC PDU’s initial transmission when a grant is available. 

However, After the retransmission/initial transmission is done, before a feedback is received, the SDU is pending for feedback, no retransmission is allowed. This makes sure the transmitting side will only retransmit when it is necessary, at the same time, this would lead to longer delay.

In order to achieve small PDB and to ensure timely RLC retransmission for XR, two directions were proposed based on the contributions submitted in last meeting: 
· Make the polling and STATUS reporting procedure faster 
· Blind ARQ retransmission, i.e. pro-active retransmission before receiving NACK feedback

Observation1: two directions can be studied to ensure timely retransmission in RLC AM mode:
1. Faster polling and STATUS reporting procedure 
2. Blind ARQ retransmission, i.e. pro-active retransmission before receiving NACK feedback



As shown in below copied RLC specification, STATUS reporting will be triggered either by polling from its peer AM RLC entity or detection of reception failure of an AMD PDU:

	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.
When a STATUS PDU has been submitted to lower layer, the receiving side of an AM RLC entity shall:
-	start t-StatusProhibit.




· For polling, transmitting side can send polling bit after number of PDUs or number of bytes transmitted out , this is fully under NW configuration via parameters pollPDU and pollByte, they can be as small as 4PDUs and 1Kbytes. 
· For detection of reception failure of an AMD PDU, this is controlled by parameter t-Reassembly. t-Reassembly starts as long as a receiving SN gap appears, the value of t-Reassemby is configured by network, which will consider packet delay budge,  possible number of HARQ retransmissions in MAC layer, and so on. 
· In addition, a new STATUS report transmission is not allowed during the time window following the previous STATUS report transmission. This is controlled by parameter t-StatusProhibit, to avoid too frequent signalling.

As we can see, NW can control how fast the feedback procedure could be by configuring the parameters properly. If remaining time based new trigger is introduced to either trigger polling or trigger STATUS report directly, it would be duplicated with the function of t-Reassemby. So we fail to see the room to enhance Polling and STATUS report procedure for faster feedback.

Observation2: there seems no room to enhance the polling and STATUS reporting procedure 

For blind retransmission, we can see following slightly different options:
· If the remaining time of a RLC PDU has been less than a configured threshold, retransmission can be triggered 
· If a RLC PDU has been retransmitted for certain number of times, a retransmission can be triggered
Counter-based solution seems not solve the issue fully. A given number of retransmission could last longer or shorter , which depends on the variable round trip delay, consequently counter-based solution cannot guarantee timely retransmission. Remaining time based solution sounds more reasonable to us.

Proposal 3: RAN2 consider to introduce remaining time based blind retransmission 

2.3 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. With this assumption, RLF can be triggered. 

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

At the same time, If we terminate ARQ retransmission based on PDB, it may stop to reach the maximum retransmissions. If we speed up retransmission or introduce other trigger for retransmission, it may impact how fast the maximum retransmissions will reaches. so we propose:

Proposal4: Delay discussion on disabling RLF declaration at RLC layer, till other RLC AM enhancements become clear.

3 Summary
[bookmark: OLE_LINK3]In this contribution, we shared our view on RLC AM enhancement:


Proposal 1 Both RLC AM Tx window and Rx window should move forward when retransmission of a RLC PDU become unnecessary, FFS how to determine retransmission of a RLC PDU become unnecessary. 

Proposal2: RAN2 discuss following options to give up further ARQ retransmissions for out-of-date packets:

Option 1: Receiving-side timer based 
Tx window: advance when receive status report ( as legacy)
Rx window: advance when a timer expires ( Rx will ACK the PDU if its reception is given up)

Option 2: Transmitting side timer based 
Tx window: advance when PDB/timer expires (Tx will inform the Rx side SN gap, i.e., PDUs are discarded and retransmission has been terminated ) 
Rx window: advance when receive SN gap report

Option 3: Both sides timer based 
Tx window: advance when PDB/timer expires 
Rx window: advance when a timer expires 

Observation1: two directions can be studied to ensure timely retransmission:
1. Faster polling and STATUS reporting procedure 
2. Blind ARQ retransmission, i.e. pro-active retransmission before receiving NACK feedback

Observation2: there seems no room to enhance the polling and STATUS reporting procedure 

Proposal 3: RAN2 consider to introduce remaining time based blind retransmission for RLC AM mode 

Proposal4: Delay discussion on disabling RLF declaration at RLC layer, till other RLC AM enhancements become clear.

image1.png
AM Rx_ Window

SDUX+ SDUXT ey -
6

RX_Next

When t-Giveup expires

RX_Next_Highest
RX_Highest_Status
RX_Giveup_Trigger Ré_Next_Sbtlatus_Trigger
t-Giveup t-Reassembly
AM_Rx_Window
SDURF SOUXF e -
6
RX_Next_Highest
RX_Highest_Status

IRX_N ext

RX_Next_Status_Trigger
t-Reassembly

RX_Giveup_Trigger
t-Giveup




image2.png
AM_TX Window EEE << spu

Not Acked yet

X_Next_Ack

Discard indication received for x, x+3 AM_TX_Window

I TX_Next_Ack

_Next




