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1   Introduction
The POLL_SN mismatch issue was discussed during RAN2 NR AH-1801[1] and RAN2#101 [2] meeting, but there was no agreement attached on the solutions for the issue. In this contribution, we analysed the drawbacks/benefits of the three solution options shown in section 2, which were discussed in the offline discussion during the last meeting [3], and concluded that all solutions cannot be completely the same definition with LTE. But considering the drawbacks of Option 1 and Option 2, we propose RAN2 to adopt Option 3.
2   Discussion
In the last RAN2 meeting, companies shared different views on the following three options for the definition of POLL_SN [3]:

Option 1: POLL_SN holds the value of the highest SN of an AMD PDU with the poll bit set to “1” among the AMD PDUs submitted to lower layer;
Option 2: TX_NEXT is only updated when a RLC PDU is submitted to lower layers, and POLL_SN holds the value of TX_NEXT-1 upon the most recent transmission of an AMD PDU with the poll bit set to “1”.
Option 3: POLL_SN holds the value of the highest SN of an AMD PDU among the AMD PDUs submitted to lower layer upon the most recent transmission of an AMD PDU with the poll bit set to “1”.
Where Option 3 is based on wording from Option 1, but hold the same POLL_SN value with Option 2. 
Considering Option 2 is contradict to the existing agreement, so we compare Option 1 and Option 3 for technical analysis. 
The benefit of Option 1 is the POLL_SN can hold the SN of an AMD PDU with the poll bit set to “1” for non-retransmission case like LTE. But the drawback is t-PollRetransmit timer handling would be different from LTE in some cases as described in sub clause 2.2 of this document. However different timer handling may not be critical issue. On the other hand, Option 3 can be the same t-PollRetransmit timer handling with LTE. The difference is POLL_SN does not always hold the SN of an AMD PDU with the poll bit set to “1”, which is not any issue for polling and timer handling as described in sub clause 2.3 of this document.
In the following, we will show the details of the analysis of drawbacks/benefits of Option 1 and Option 3.
2.1   Update of POLL_SN and handling of t-PollRetransmit in LTE
The procedure (from TS36.322 v15.00) to set the value of POLL_SN in LTE is shown in Annex in this document. Based on the procedure, POLL_SN does not hold the SN of a AMD PDU with the poll bit set to “1” when retransmission is caused by t-PollRetransmit timer expiry, and POLL_SN is always set to VT(S)-1 which is the highest SN of the AMD PDU submitted to lower layer (when an AMD PDU with poll bit is sent). 
Figure 2.1 gives an example to show the details. In step 5of figure 2.1, the highest SN of the AMD PDU among the AMD PDUs including a poll submitted to lower layer is n and the highest SN of the AMD PDU among the AMD PDUs submitted to lower layer is n+1, i.e., VT(S)-1=n+1. So, POLL_SN is set to n+1.

Observation 1: In LTE, POLL_SN may not hold the SN of an AMD PDU with the poll bit set to “1” when retransmission is caused by t-PollRetransmit timer expiry.
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Figure 2.1. Example of polling procedure based on LTE
2.2   Drawbacks/benefits of Option 1

According to Option 1, POLL_SN is always set to the highest SN of the AMD PDU among the AMD PDUs including a poll submitted to lower layer. However t-PollRetransmit timer handling would be different from LTE in some cases because POLL_SN setting for retransmission caused by timer expiry is different from LTE, and it may cause small issue on retransmission. Figure 2.2 shows an example to explain the polling procedure and t-PollRetransmit timer handling based on Option 1. 
In step 5 of Figure 2.2, the highest SN of the AMD PDU among the AMD PDUs including a poll submitted to lower layer is n and the highest SN of the AMD PDU among the AMD PDUs submitted to lower layer is n+3. According to Option 1, POLL_SN is set to n. And when AM RLC Tx receives the Status Report in step 6 with ACK_SN= n+2, stop the t-PollRetransmit timer for that a positive or negative acknowledgement for the RLC SDU with sequence number equal to POLL_SN was included in the status report. So, the missing of AMD PDU with SN=n+3, e.g. HARQ NACK to ACK error happens, cannot be detected until next polling circle or expiry of t-Reassembly timer in Rx side. This will delay the re-transmission of AMD PDUs with SN=n+3 in comparison with the polling procedure and t-PollRetransmit timer handling based on Option 3 showed in Figure 2.3 although the delay may not be a critical issue. 
Observation 2: Setting the POLL_SN to the highest SN of the AMD PDU among the AMD PDUs including a poll submitted to lower layer will cause different t-PollRetransmit timer handling from LTE, and may delay the re-transmission of some AMD PDUs.
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Figure 2.2 Example of polling procedure and t-PollRetransmit timer based on Option 1
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Figure 2.3 Example of polling procedure and t-PollRetransmit timer based on Option 3
2.3   Drawbacks/benefits of Option 3
In Option 3, POLL_SN does not always hold the SN of an AMD PDU with the poll bit set to “1” for non-retransmission case. However this is not an issue for polling and timer handling.

In step 1 of Figure 2.3, n+2 new AMD PDUs (SN=0, 1… n, n+1) are submitted to lower layer together when a transmission opportunity notification is received from lower layer. One of them (e.g. SN=n) carries a poll bit, but set POLL_SN to the highest SN of a AMD PDU among the AMD PDUs submitted to lower layer together (i.e., POLL_SN=n+1). These AMD PDUs are multiplexed in a MAC PDU and transmitted in a same TB. Therefore, these n+2 AMD PDUs are either all successfully received or all not successfully received at AM RLC Rx. On one hand, if they are all successfully received, the status report, in which ACK_SN=n+2 is included, will be sent by AM RLC Rx.  If the status report is received by the AM RLC Tx, t-PollRetransmit timer stops as the status report contains POLL_SN. If the status report is not received, t-PollRetransmit timer keeps running until expires. On the other hand, if they are all not successfully received, no status report would be sent by the AM RLC Rx, and t-PollRetransmit timer keeps running until expires.

So, for a new transmission, POLL_SN can be set to the highest SN (or even “any” SN) of an AMD PDU among the AMD PDUs submitted to lower layer together in which a poll bit is included and the t-PollRetransmit timer works correctly as in LTE.
Observation 3: For a new transmission, as long as POLL_SN is set to the highest SN (or even “any” SN) of a AMD PDU among the AMD PDUs submitted to lower layer together in which the poll bit set to “1”, t-PollRetransmit timer works correctly as in LTE.
2.4   Proposals
The discussion on the issue of the polling procedure was lasted two meetings, and all companies agreed the issues raised in [1] and [2]. If we keeps the specification as it is and the UEs should be implemented according to the specification, the issues listed in [1] and [2] will appear. 
Proposal 1: POLL_SN mismatch issue should not be left to UE implementation.
In addition, considering Option 1 has the drawback but Option 3 doesn’t have any technical drawback, we have following proposal:
Proposal 2: The definition of POLL_SN should be, “This state variable holds the value of the highest SN of an AMD PDU among the AMD PDUs submitted to lower layer upon the most recent transmission of an AMD PDU with the poll bit set to “1”. It is initially set to 0.”
3   Conclusions
In this contribution we have discussed the issues related to Polling. We further propose the following:
Observation 1: In LTE, POLL_SN may not hold the SN of an AMD PDU with the poll bit set to “1” when retransmission is caused by t-PollRetransmit timer expiry.
Observation 2: Setting the POLL_SN to the highest SN of the AMD PDU among the AMD PDUs including a poll submitted to lower layer will cause different t-PollRetransmit timer handling from LTE, and may delay the re-transmission of some AMD PDUs.
Observation 3: For a new transmission, as long as POLL_SN is set to the highest SN (or even “any” SN) of a AMD PDU among the AMD PDUs submitted to lower layer together in which the poll bit set to “1”, t-PollRetransmit timer works correctly as in LTE.
Proposal 1: POLL_SN mismatch issue should not be left to UE implementation.
Proposal 2: The definition of POLL_SN should be, “This state variable holds the value of the highest SN of an AMD PDU among the AMD PDUs submitted to lower layer upon the most recent transmission of an AMD PDU with the poll bit set to “1”. It is initially set to 0.”
4   Proposal 2: POLL_SN holds the value of the highest SN of an AMD PDU among the AMD PDUs submitted to lower layer upon the most recent transmission of an AMD PDU with the poll bit set to “1”.References
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5   Annex:

Following is the procedure (from TS36.322 v15.00) to set the value of POLL_SN in LTE.

	5.1.3.1.1
General
……

When delivering a new AMD PDU to lower layer, the transmitting side of an AM RLC entity shall:

-
set the SN of the AMD PDU to VT(S), and then increment VT(S) by one.

	5.2.2.1
Transmission of a AMD PDU or AMD PDU segment
……

After delivering a RLC data PDU including a poll to lower layer and after incrementing of VT(S) if necessary, the transmitting side of an AM RLC entity shall:

-
set POLL_SN to VT(S) – 1;

-
if t-PollRetransmit is not running:

-
start t-PollRetransmit;

-
else:

-
restart t-PollRetransmit;.

	5.2.2.3
Expiry of t-PollRetransmit
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 data PDU awaiting for acknowledgements); or

-
if no new RLC data PDU can be transmitted (e.g. due to window stalling):

-
consider the AMD PDU with SN = VT(S) – 1 for retransmission; or

-
consider any AMD PDU which has not been positively acknowledged for retransmission;
-
include a poll in a RLC data PDU as described in section 5.2.2.1.

	7.1
State variables
……

c) VT(S) – Send state variable

This state variable holds the value of the SN to be assigned for the next newly generated AMD PDU. It is initially set to 0, and is updated whenever the AM RLC entity delivers an AMD PDU with SN = VT(S).

d) POLL_SN – Poll send state variable

This state variable holds the value of VT(S)-1 upon the most recent transmission of a RLC data PDU with the poll bit set to “1”. It is initially set to 0.
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