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1	Introduction
[bookmark: _Ref178064866]In RAN2#125bis, the following agreements were made relating to the RLC AM enhancements objective [1]. 
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 discuss the possible enhancements and provide our views. 
2	Discussion
2.1	Timely Retransmission(s) for XR
Several solutions were proposed in the last meeting to enable timely/faster retransmissions, in our understanding, these can be grouped into the following:
· Enhancing the RLC STATUS PDU.
· Retransmission using lower layer indication. 
2.1.1	RLC STATUS PDU Enhancements
For enhancing the RLC STATUS PDU, we should consider the case for UL and DL separately. For traffic in the UL, it is up to network’s discretion as to when the RLC STATUS PDU is sent in the DL and the network can decide to send the RLC STATUS report more often for traffic with shorter PDBs. As a result, no specification impact is foreseen here. 
Observation 1 [bookmark: _Ref166183753]For traffic in the UL, network can decide when to send the RLC STATUS report and for shorter PDBs, it can send it more often. 
For traffic in the DL, the main restriction as raised by most companies relates to the prohibit timer for the RLC STATUS report. However, the network can always configure a smaller value for traffic with shorter PDBs thereby enabling faster feedback and hence ensuring timely retransmissions. 
Observation 2 [bookmark: _Ref166183771]For traffic in the DL, the network can configure smaller values for the traffic with shorter PDBs thereby enabling faster feedback/timely retransmissions. 
As a result, we believe no such enhancements are needed for the RLC STATUS PDU reporting as it is up to network implementation for traffic in the UL and configuration for traffic in the DL. 
[bookmark: _Toc166195151]No enhancements are needed for the RLC STATUS PDU as it is up to network implementation for traffic in the UL and network configuration for traffic in the DL. 

Further, we do not think the UE should perform autonomous retransmissions based on timers or without STATUS PDUs and RLC retransmissions should be under network control as such retransmissions would also require an UL grant. Furthermore, such retransmissions could result in duplication of the data for retransmissions. 
[bookmark: _Toc166195152]Not pursue solutions relating to autonomous RLC retransmissions based on timers or without the STATUS PDUs. 
2.1.2	Lower Layer Indication based Retransmission(s)
The proposed solutions are based on using the lower layer transmission information to trigger an RLC retransmission. The RLC Tx entity for example can trigger a retransmission if the number of failed HARQ transmissions i.e., if a preconfigured number of HARQ transmissions fail, the RLC Tx entity can trigger an RLC retransmission. Further, it was also proposed a lower layer indication from the network to the UE for UL transmissions to mimic the ACK/NACK behaviour as the UE performs in the UL using the UCI. 
In both solutions, effectively, this introduces a new kind of cross-layer interaction and synchronization between the RLC and MAC entity which originally are designed to operate independent of each other. 
Observation 3 [bookmark: _Ref166183786]Such lower layer indications introduce a new kind of cross-layer interaction and synchronization between the RLC and MAC layer. 
For example, the RLC entity needs to keep track of the HARQ processes for the corresponding RLC PDUs. Further, it is complicated to prematurely end the HARQ process. Furthermore, it is not clear under what basis the HARQ process can be ended prematurely i.e., there is no specific way to predict that if X out of the Y retransmissions fail, the rest will also result in failure. 
For data with short delay budget and high reliability requirements, the network implementation can increase the reliability of the HARQ transmissions by adding more retransmissions when HARQ is not successful. This has shorter delays and will use less resources than adding blind RLC retransmissions, as HARQ retransmissions are faster than RLC retransmissions and only when HARQ is failing there are retransmissions. Further, the extra retransmissions will only be performed when there are available network resources, thus the retransmissions will not use resources that others need. As a result, we believe that such solutions to trigger retransmissions using lower layer indications are not pursued.
[bookmark: _Toc166195153]Not pursue solutions triggering RLC retransmissions using lower layer indications. 
2.2	Retransmission of Old Data
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Figure 1: PDCP Rx window moving its lower edge, while RLC AM still performs retransmissions for that missing SN. 
It was agreed in the last meeting that solutions will be analyzed to avoid unnecessary retransmissions for e.g., avoid retransmission of outdated packets. In the following section, we discuss the potential solutions to address this issue. Hence, we believe there are two mechanisms to avoid unnecessary retransmissions:
· Receiver-based Mechanism
· Transmitter-based Mechanism
2.2.1	Receiver-based Mechanism
· [image: ]
· Figure 2: Receiver-based mechanism to advance the RLC receiver.
In the receiver-based mechanism as illustrated in Figure 2, in the receiver-based mechanism, a new timer can be used (for e.g., a tWinAdvance), which runs at the RLC receiver, and the expiry of this timer would advance the lower edge of the RLC receiver window. 
If the RLC receiver has received and delivered an SDU with an RLC SN higher than than RX_Next to the PDCP receiver, then the RLC receiver is aware that the PDCP receiver will only wait a limited time for the missing SN before advancing the PDCP receiver window. Thus, the RLC receiver can start the tWinAdvance timer when a higher RLC SN has been delivered to the PDCP receiver and upon expiry, advance the lower edge of the RLC receiver window and triggering a report to the RLC transmitter to stop retransmissions. Thereby freeing up the resources to perform retransmission for more relevant data. 
Observation 4 [bookmark: _Ref163171141]Adding a new RLC timer tWinAdvance, that starts when a SN has been forwarded to the PDCP and at expiry, advances the RLC receiver window and triggers an RLC status report, freeing up resources and avoid retransmitting old data. 
As shown in Figure 2, the PDCP receiver and RLC receiver are pending on sn2 i.e., Rx_Deliv = 2, RX_Next = 2. The t-Reordering timer is started for PDCP sn2, and the RLC receiver would start the new timer i.e., tWinAdvance when sn3 and sn4 are delivered to the PDCP receiver. As time passes, t-Reordering expires, advancing the PDCP receiver window to the next missing PDCP SN i.e., sn5. Similarly, tWinAdvance expires, advancing the RLC receiver window to the next missing RLC SN i.e., sn5 and triggers a report to the RLC transmitter entity to stop retransmissions for sn2. 
It is to be noted that RLF is triggered at the RLC transmitter when the maxReTxThreshold is reached, this mechanism stays the same. The RLC receiver will not start the new timer and continue to wait on a missing RLC SN if a higher RLC SN has not been submitted to the PDCP Rx entity and not trigger the RLC status report. 
Observation 5 [bookmark: _Ref163171145]In the receiver-based timer solution, the RLF detection mechanism stays the same i.e., declared by the RLC Tx entity when maxReTxThreshold is reached. 
2.2.2	Transmitter-based Mechanism 
The transmitter is aware of the data buffered and the remaining PDB for any of the PDUs. Therefore, the transmitter can assess how many retransmissions can be performed for a certain RLC PDU. This depends on the PSDB and the buffered time for each of the PDU Sets.
Observation 6 [bookmark: _Ref163171149]The RLC transmitter is aware of the buffered data and their remaining PDB thereby can assess the number of retransmissions possible for a certain RLC PDU. 
As a result, in the transmitter-based mechanism, the RLC transmitter could indicate the RLC SNs for which the RLC receiver need not wait and consider them to be successfully received. A new RLC Control PDU for example, similar as the RLC Control PDU Status Report can be used to indicate these RLC SNs. 
The RLC Tx entity can at any time indicate that certain RLC SDU(s) is/are out of the time bounds. This indication could also carry a poll bit to get confirmation that the RLC receiver has successfully received the new control PDU and moved the lower edge of the receiving window as these RLC SDU(s) and its segments would be acknowledged. Otherwise, the RLC would eventually transmit an RLC status report when requested by the RLC transmitter as in legacy.
Observation 7 [bookmark: _Ref163171154]RLC transmitter can indicate that certain RLC SDU(s) is/are out of time bounds via for example an RLC control PDU, thereby enabling the receiver to advance the lower edge of the receiving window. 
The advantage of the transmitter-based mechanism is that the RLC transmitter knows how long the packet has been buffered in the queue and can estimate how much of the PDB is remaining.
2.2.3	Summary
Both the transmitter-based and receiver-based solutions result in the RLC receiver to advance the lower edge of the receiving window thereby preventing unnecessary RLC retransmissions for packets already discarded/irrelevant in the PDCP. In the receiver-based solution, the relevance of the packet in the PDCP is based on the expiry of the t-Reordering timer and in the transmitter-based mechanism, the PDB/PSDB of the packet is estimated based on the configured discardtimer. As both solutions have their advantages/disadvantages, we believe RAN2 should investigate both solutions.   
[bookmark: _Toc166195154]Study solutions to avoid unnecessary RLC retransmissions for packets which are already obsolete at the PDCP layer based on:
[bookmark: _Toc166195155](a) Transmitter-based mechanism (RLC Tx entity can indicate SDU(s) is/are out of time bounds, FFS: signaling used for indication)
[bookmark: _Toc166195156](b) Receiver-based mechanism (based on a new timer at the RLC Rx entity). 
[bookmark: _Toc70424553][bookmark: _Toc134612747][bookmark: _Ref189046994]3 Conclusion
Based on the discussion in the previous sections we have the following observations:
Observation 1	For traffic in the UL, network can decide when to send the RLC STATUS report and for shorter PDBs, it can send it more often. 
Observation 2	For traffic in the DL, the network can configure smaller values for the traffic with shorter PDBs thereby enabling faster feedback/timely retransmissions.
Observation 3	Such lower layer indications introduce a new kind of cross-layer interaction and synchronization between the RLC and MAC layer.
Observation 4	Adding a new RLC timer tWinAdvance, that starts when a SN has been forwarded to the PDCP and at expiry, advances the RLC receiver window and triggers an RLC status report, freeing up resources and avoid retransmitting old data.
Observation 5	In the receiver-based timer solution, the RLF detection mechanism stays the same i.e., declared by the RLC Tx entity when maxReTxThreshold is reached.
Observation 6	The RLC transmitter is aware of the buffered data and their remaining PDB thereby can assess the number of retransmissions possible for a certain RLC PDU.
Observation 7	RLC transmitter can indicate that certain RLC SDU(s) is/are out of time bounds via for example a control PDU, thereby enabling the receiver to advance the lower edge of the receiving window.
Based on the discussion in the previous sections we propose the following:
Proposal 1	No enhancements are needed for the RLC STATUS PDU as it is up to network implementation for traffic in the UL and network configuration for traffic in the DL.
Proposal 2	Not pursue solutions relating to autonomous RLC retransmissions based on timers or without the STATUS PDUs.
Proposal 3	Not pursue solutions triggering RLC retransmissions using lower layer indications.
Proposal 4	Study solutions to avoid unnecessary RLC retransmissions for packets which are already obsolete at the PDCP layer based on:
	(a) Transmitter-based mechanism (RLC Tx entity can indicate SDU(s) is/are out of time bounds, FFS: signaling used for indication)
	(b) Receiver-based mechanism (based on a new timer at the RLC Rx entity).
4 References
1.  


	4/4	
image1.png
RX_Deliv=2

RX_Next=2

snl

sn3

sn4d

sné

PDCP tReordering expire.

PDCP Sn

Ric Sn

time

PDCP Rx window advanced (Rx_Deliv=5)
RLC still requesting retx of SN=2

RX_Deliv=5

RX_Next=2

sn3

snd

sné

PDCP Sn

Rlc Sn




image2.png
_Next

1%}
=)
[y

sn3

sn4d

sné

PDCP tReordering expire.

PDCP Rx window advanced (Rx_Deliv=5)

RLC tWinAdvance timer expires.

RLC advances its Rx window (Rx_Next=5)

PDCP

Rlc

RLC requesting retx of SN=5 but not SN=2

RX_Deliv

'

RX_Next

snl

sn3

sn4d

sné6

PDCP

Rlc

time




