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Discussion and Decision
1      Introduction
In RAN2 NR AH#1801 meeting, the potential issue of TX_Next and POLL_SN was discussed [1]

 REF Ref_LG \h 
[2][3]. The decision was postponed.
In this contribution, we discuss whether there is an issue regarding TX_Next and POLL_SN.
2      Discussion
The main concern is that due to the mismatch between POLL_SN (which is updated based on TX_Next) and the reported SN in RLC status report, the timer t-PollRetransmit cannot be stopped, as shown in TS 38.322 section 5.3.3.3 below:
	Upon reception of a STATUS report from the receiving RLC AM entity the transmitting side of an AM RLC entity shall:

-
if the STATUS report comprises a positive or negative acknowledgement for the RLC SDU with sequence number equal to POLL_SN:

-
if t-PollRetransmit is running:

-
stop and reset t-PollRetransmit.


In RAN2 NR AH#1801 meeting, there were discussions on the main cause for the mismatch between POLL_SN and the highest SN reported in RLC status report. Some companies believe that this is due to the pre-processing. However, even if the POLL_SN is only set to the largest SN transmitted, there is still such POLL_SN mismatch issue. The reason is that there is the timing mismatch between the RLC status report generation and the reception, as shown in Figure 1 below. We assume transmitter in UL and receiver in DL. We also assume both UE and gNB processing time is half slot (which could be very optimistic and will be discussed later). In time t1, UE updates POLL_SN to the highest RLC SN of the RLC PDU submitted to MAC. Suppose a poll bit is included and UE starts t-PollRetransmit. The corresponding PUSCH (transmitted in slot 1) is received by the gNB, which compiles RLC status report at time t2, and the RLC status report is carried in PDSCH transmitted in slot 3. At time instance t3, the UE receives and decodes the RLC status report. As long as there will be PUSCH transmission in at least one of the slot 2/3/4, POLL_SN will be updated and there is POLL_SN mismatch. The timer t-PollRetransmit cannot be stopped in this case.
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Figure 1: Mismatch between POLL_SN and RLC status report
Note that above assumption of half slot processing time for UE and gNB might be optimistic. For 15 kHz SCS numerology, UE processing time for PDSCH is 8 OFDM symbols (according to Table 5.3-1 of TS 38.214 [4], assuming no additional PDSCH DM-RS configured). UE processing time for PUSCH is 10 OFDM symbols (according to Table 6.4-1 of TS 38.214 [4]). For other SCS numerology and other cases (when there are additional PDSCH DM-RS configured), UE processing time is longer. Also the above RAN1 requirements for PDSCH processing time is only related to HARQ ACK generation, but does not consider the MAC and RLC processing time. In addition, there is no requirement on gNB processing time in DL scheduling or UL reception (including MAC and RLC processing time). Therefore, the actual processing in UE and gNB could be larger than half slot, therefore the actual margin (3 slot in Figure 1) could be larger in real systems, i.e. it is more likely that there is POLL_SN mismatch. 

In above discussion, we assume POLL_SN is updated based on the actual transmitted RLC SNs (e.g. as in solutions proposed in [1]

 REF Ref_LG \h 
[2]

 REF Ref_Ericsson \h 
[3]). Therefore above analysis also shows that POLL_SN mismatch is not a problem due to pre-processing, and the proposed solutions so far cannot solve POLL_SN mismatch.
Observation 1: The root cause of POLL_SN mismatch is the inherent transmission and receiving delay, and is not pre-processing.
Observation 2: POLL_SN mismatch cannot be completely eliminated with the solutions of updating POLL_SN to the highest transmitted RLC SN.
Next we investigate what is the impact of POLL_SN mismatch. As discussed above, the main impact is due to the expiry of the timer t-PollRetransmit. The consequences is shown in TS 38.322 section 5.3.3.4 below:

	Upon expiry of t-PollRetransmit, the transmitting side of an AM RLC entity shall:

-
if both the transmission buffer and the retransmission buffer are empty (excluding transmitted RLC SDU or RLC SDU segment awaiting acknowledgements); or

-
if no new RLC SDU or RLC SDU segment can be transmitted (e.g. due to window stalling):

-
consider the RLC SDU with SN = TX_Next – 1 for retransmission; or

-
consider any RLC SDU which has not been positively acknowledged for retransmission.
-
include a poll in an AMD PDU as described in section 5.3.3.2.


Firstly, if one of the two highlighted conditions are true, UE could perform retransmissions. It should be noted that it is up to UE implementation on which RLC SDUs to be retransmitted (e.g. either SN = TX_Next -1 or RLC SDU which has not been positively acknowledged). The condition “both the transmission buffer and the retransmission buffer are empty” mainly happens at the end of a traffic burst, and it is not related to whether pre-processing is performed or not. The second condition is related to window stalling. Considering that NR RLC supports up to 18 bit RLC SN, the probability of window stalling should be really rare, i.e. there are 217 RLC SDUs on flight. 
Even if above conditions are fulfilled, since it is up to UE implementation on which RLC SDUs to retransmit, there would be little impact to system performance. For example, UE implementation could choose to retransmit the lowest RLC SN, which can reduce the reordering delay and buffering at gNB side.

Another action taken by UE upon the expiry of timer t-PollRetransmit is to include a poll bit. Since the configuration of t-PollRetransmit is completely up to gNB, and how to handle the poll bit is also up to gNB implementation, there is no critical impact on this aspect.

In summary, there is no critical impact due to the expiry of timer t-PollRetransmit caused by POLL_SN mismatch.
Observation 3: There is no critical impact due to the expiry of timer t-PollRetransmit caused by POLL_SN mismatch.
Given above discussion, we can see that there is no critical impact of POLL_SN mismatch, and existing solutions cannot solve the POLL_SN mismatch issue. We hence propose not to consider POLL_SN mismatch issue further.
Proposal 1: POLL_SN mismatch issue is not considered further in RAN2.

3      Conclusion
In this contribution, we discuss whether there is an issue regarding TX_Next and POLL_SN. We have the following observations:
Observation 1: The root cause of POLL_SN mismatch is the inherent transmission and receiving delay, and is not pre-processing.
Observation 2: POLL_SN mismatch cannot be completely eliminated with the solutions of updating POLL_SN to the highest transmitted RLC SN.
Observation 3: There is no critical impact due to the expiry of timer t-PollRetransmit caused by POLL_SN mismatch.
We propose the following:
Proposal 1: POLL_SN mismatch issue is not considered further in RAN2.
References
[1] R2-1800563, Sharp et al, "Issue on POLL_SN value mismatch "
[2] R2-1801284, LG Electronics Mobile Research, "Correction on TX_Next - 1 for POLL_SN and the RLC SDU for retransmission"
[3] R2-1801563, Ericsson et al, "CR on on TX_Next for POLL_SN and the RLC SDU for retransmission "
[4] 3GPP TS 38.214, v15.0.0: “NR; Physical layer procedures for data”
1

