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Introduction
WID of Rel-19 XR [1] has the following scope related to RLC AM 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. 



In this contribution, we discuss RLC AM retransmission enhancements.
Discussion
Fast RLC AM retransmission
Justification part of WID [1] mentions the following:
RLC-AM is useful to limit data loss, however RLC-AM feedback or retransmission triggering mechanisms are not well adapted for short packet delay budgets applicable to XR traffic.
The basic principle for RLC retransmission is to allow HARQ retransmissions first before pursuing RLC retransmission. Therefore RLC timer t-Reassembly (upon its expiry RLC status report will be sent) can be configured to a multiple of HARQ RTT. Number of possible HARQ retransmissions and RLC ARQ retransmissions is determined by Packet Delay Budget (PDB). In TR 38.838, several types of XR traffics (UL pose / control traffic, single / multi stream DL VR, AR UL Model 1 / 2) have RAN side PDB (between gNB and UE) as small as 10 ms.
HARQ RTT is related to the transmission duration as well as gNB and UE processing time. Without going into details on the related calculation (e.g. one can refer to TR 37.910 Table 5.7.1.1.1-1 for an example of DL HARQ RTT calculation), the actual allowed / configured HARQ RTT value can be obtained from specifications. As from IE nrofHARQ-ProcessesForPDSCH below, for DL, the default number of HARQ processes is 8, and the minimum number of HARQ processes is 2, which is mainly used for URLLC. For typical eMBB traffic, the minimum number of HARQ processes is 4. Such HARQ process number usage is also reflected from RAN4 specification, e.g. number of HARQ processes is 4 or 8 in TS 38.101-4 Table 5.2.2.1.1-2. Four HARQ processes can be translated to 4 ms HARQ RTT for 15 kHz SCS, which means there are maximum 3 transmission opportunities for one RLC SDU, assuming 10 ms PDB. This also means that there can be maximum 1 ARQ retransmission opportunity assuming ARQ retransmission takes place after 1 HARQ retransmission. Therefore, in-time RLC status report is very critical to guarantee efficient RLC retransmission under the scenario of short PDB.
nrofHARQ-ProcessesForPDSCH     ENUMERATED {n2, n4, n6, n10, n12, n16}      OPTIONAL,   -- Need S    

	nrofHARQ-ProcessesForPDSCH
The number of HARQ processes to be used on the PDSCH of a serving cell. Value n2 corresponds to 2 HARQ processes, value n4 to 4 HARQ processes, and so on. If the field is absent, the UE uses 8 HARQ processes (see TS 38.214 [19], clause 5.1).



[bookmark: Obs_PDB]Observation 1: With tight PDB like 10 ms, there are few RLC retransmission opportunities. Therefore, in time RLC status report is very critical to guarantee efficient RLC retransmission under the scenario of short PDB. 
[bookmark: _Hlk163031635]Current framework of RLC status report and RLC retransmission is show in Figure 1 below. 


[bookmark: Figure_RLC_ARQ]Figure 1: RLC status report and RLC retransmission
Triggers for RLC status report is either from poll or by expiry of t-Reassembly, as from TS 38.322 clause 5.3.4, copied below: 
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.
To enable in time RLC status report, triggers for RLC status report can be further analyzed.
[bookmark: Pro_Sta]Proposal 1: RAN2 to consider solution direction of in time RLC status report to guarantee efficient RLC retransmission under the scenario of short PDB.
Avoid unnecessary RLC retransmissions
Justification part of WID [1] mentions the following:
Also, for RLC AM, considerable amounts of data may be in-flight, i.e. in the window, and there is no current way to avoid retransmitting this data, even if the data is old.
RLC AM works in lossless mode, where retransmission is always performed on RLC PDUs which have not been completely received by the peer receiver. However the corresponding PDCP entity may already update its state variables (e.g. after expiry of t-Reordering), and will not wait for the “old” PDCP PDUs. Therefore there is an issue that RLC AM may retransmit RLC PDUs which are not useful to the peer PDCP entity, which causes resource waste. Details are as follows.
In PDCP, state variable RX_DELIV indicates the COUNT value of the first PDCP SDU not delivered to the upper layers, but still waited for. RX_DELIV defines the lower edge of PDCP reception window: any PDUs whose COUNT is less than RX_DELIV will be discarded, according to TS 38.323 clause 5.2.2.1:
-	if RCVD_COUNT < RX_DELIV; or
-	if the PDCP Data PDU with COUNT = RCVD_COUNT has been received before:
-	discard the PDCP Data PDU;
When timer t-Reordering expires, RX_DELIV is updated, according to TS 38.323 clause 5.2.2.2:
When t-Reordering expires, the receiving PDCP entity shall:
-	deliver to upper layers in ascending order of the associated COUNT value after performing header decompression, if not decompressed before:
-	all stored PDCP SDU(s) with associated COUNT value(s) < RX_REORD;
-	all stored PDCP SDU(s) with consecutively associated COUNT value(s) starting from RX_REORD;
-	update RX_DELIV to the COUNT value of the first PDCP SDU which has not been delivered to upper layers, with COUNT value >= RX_REORD;
After update of RX_DELIV, any PDUs with COUNT less than RX_DELIV will be discarded, which imply that there can be unnecessary RLC AM retransmissions. An example is shown in Figure 2 below. At first, both PDCP and RLC are waiting for the PDCP PDU (COUNT = 1, corresponding RLC SN = 2), therefore RX_DELIV = 1, and RX_Next = 2. After expiry of timer t-Reordering, RX_DELIV is updated to 6. Meanwhile, RLC layer is still transmitting RLC PDUs with SN = 2 and 3 (with corresponding PDCP COUNT of 1 and 2), which will be discarded by PDCP layer after RX_DELIV is updated to 6. 
[image: ]
[bookmark: Figure_Example_NonSplit]Figure 2: Example of unnecessary RLC AM retransmission
From above discussion, it can be seen that there are unnecessary RLC retransmissions after receiving PDCP entity updated RX_DELIV upon the expiry of t-Reordering timer.
[bookmark: Obs_Unn_ReTx]Observation 2: There are unnecessary RLC retransmissions after receiving PDCP entity updates RX_DELIV upon the expiry of t-Reordering timer.
In paper [2], it was proposed that once PDCP updates RX_DELIV upon the expiry of t-Reordering timer, PDCP notifies RLC about its window movement, and RLC updates its lower edge of the window to the new position for which PDCP is waiting for. RLC status report is sent to inform peer RLC entity to avoid unnecessary retransmissions.
The solution in [2], in high level, can solve the above mentioned unnecessary RLC retransmission issue. Therefore it is proposed to consider the general framework proposed in [2]: 
1) PDCP entity informs RLC entity when RX_DELIV changes upon the expiry of t-Reordering timer; 
2) RLC entity updates RX_Next accordingly; 
3) RLC entity informs peer RLC entity with status report.
In step 3 above, existing RLC status report can be reused since RLC status report is generated starting with SN = RX_Next, therefore the updated RX_Next in step 2 is already considered in the status report, and can be taken into account by peer RLC entity.
[bookmark: Pro_Unn][bookmark: Pro_Sol]Proposal 2: RAN2 to consider solution direction to solve the unnecessary RLC retransmission issue.
[bookmark: Pro_Ref_Framework]Proposal 3: To solve the unnecessary RLC retransmission issue, following framework is considered:
1) PDCP entity informs RLC entity when RX_DELIV changes upon the expiry of t-Reordering timer; 
2) RLC entity updates RX_Next accordingly; 
3) RLC entity informs peer RLC entity with status report.
Solution in [2] assumed that there is 1:1 relationship between PDCP SN and RLC SN. However this is not the case due to: 
a) There are PDCP control PDUs, which do not have PDCP SNs, but have RLC SNs. This is shown in Figure 2 above, while RLC PDUs with SN in {5, 7, 8} do not have corresponding PDCP SNs.
b) For split bearer, a PDCP PDU can be transmitter via one of the associated RLC entities, therefore there is even less correspondence between PDCP SN and RLC SN. This is shown in Figure 3 below.
[image: ]
[bookmark: Figure_Example_Split]Figure 3: Example of split bearer
[bookmark: Obs_11]Observation 3: There is no 1:1 relationship between PDCP SN and RLC SN due to: 1) PDCP control PDU; 2) Split bearer.
[bookmark: Pro_11]Proposal 4: To solve the unnecessary RLC retransmission issue, the lack of 1:1 relationship between PDCP SN and RLC SN should be considered.
When receiving side of AM RLC entity and receiving PDCP entity are in the UE side, the framework highlighted in Proposal 3 can be handled by RAN2. If they are in the network side, then some interaction between network nodes is needed: e.g. between CU and DU in case of CU/DU split, and between MN and SN in case of split bearer. This involves RAN3 work. However in current WID, RLC retransmission related enhancements are for RAN2 only. Therefore RAN2 needs to discuss whether the enhancements are for UE only or for both UE and network side. In the latter case, LS to RAN3 is needed if RAN2 identifies RAN3 impacts.
[bookmark: Pro_RAN3]Proposal 5: RAN2 to discuss whether the enhancement to solve the unnecessary RLC retransmission issue is for UE only or for both UE and gNB. In the latter case, LS to RAN3 is needed if RAN2 identifies RAN3 impacts.
Conclusion
In this contribution, we discuss AM retransmission enhancements, and have the following observations:
Observation 1: With tight PDB like 10 ms, there are few RLC retransmission opportunities. Therefore, in time RLC status report is very critical to guarantee efficient RLC retransmission under the scenario of short PDB.
Observation 2: There are unnecessary RLC retransmissions after receiving PDCP entity updates RX_DELIV upon the expiry of t-Reordering timer.
Observation 3: There is no 1:1 relationship between PDCP SN and RLC SN due to: 1) PDCP control PDU; 2) Split bearer.
We propose the following:
Proposal 1: RAN2 to consider solution direction of in time RLC status report to guarantee efficient RLC retransmission under the scenario of short PDB.
Proposal 2: RAN2 to consider solution direction to solve the unnecessary RLC retransmission issue.
Proposal 3: To solve the unnecessary RLC retransmission issue, following framework is considered:
1) PDCP entity informs RLC entity when RX_DELIV changes upon the expiry of t-Reordering timer; 
2) RLC entity updates RX_Next accordingly; 
3) RLC entity informs peer RLC entity with status report.
Proposal 4: To solve the unnecessary RLC retransmission issue, the lack of 1:1 relationship between PDCP SN and RLC SN should be considered.
Proposal 5: RAN2 to discuss whether the enhancement to solve the unnecessary RLC retransmission issue is for UE only or for both UE and gNB. In the latter case, LS to RAN3 is needed if RAN2 identifies RAN3 impacts.
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