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1   Introduction
In RAN2 #100, the following agreements were made related to RLC open issues [1]:

Agreements:

1. RLC entity release procedure is specified in RLC specification (triggering discarding of all RLC SDUs and PDUs).

2. Restructure RLC sections, i.e. common section “RLC entity handling” with subsections “RLC establishment”, “RLC re-establishment”, “RLC release”.

3. The TS 38.322 description on Status report format is sufficient to capture the behaviour of Status PDU construction, when a grant is not large enough to accommodate the status information of all missing PDUs

4. From a procedure specification perspective, retransmissions and acknowledgements are defined to be associated with RLC SDU (segments).
5. For polling, PDU_WITHOUT_POLL and BYTE_WITHOUT_POLL are updated (and reset) upon transmission opportunity is notified from lower layer

6. Segments of SDUs that have not yet been included in a data PDU should be considered as RLC data volume
7. It is specified that submission to lower layers is done when a transmission opportunity from lower layers is indicated.  This does not preclude the UE doing preprocessing at the RLC layer and pre-creating MAC sub-headers.  No additional note is added to the specification.  

8. Capture for RLC AM in normative text RLC SN gap is not allowed in the transmitter side. In NR, the RLC entity discards a RLC SDU only if no segments of the RLC SDU has been submitted to the lower layer (i.e. The transmitting side of an AM RLC entity shall not introduce an RLC SN gap when discarding an RLC SDU)
9. No need is seen to align the transmit procedures for AM and UM

10. No changes/optimizations for the ACK_SN setting in a STATUS PDU.  

11. No changes to Figure 4.2.1.2.1-1 and Figure 4.2.1.3.1-1 wrt header pre-preation/pre-processing
12. When receiving an RLC SDU from upper layers, it is up to the UE implementation when to construct an RLC AMD PDU

13. Align definition of the state variable TX_Next for RLC AM with description in procedural text by modifying the definition of TX_Next as follows: “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 constructs an AMD PDU with SN = TX_Next and contains a RLC SDU or the last segment of a RLC SDU”.

14. Specify a unified behaviour across all specs UE submits to lower layer and delivers to upper layers
In this contribution, based on the latest agreements we considered issues related to AM RLC Tx Polling procedure. 

2   Issues
According to the agreements and the latest TS 38.322 [2], the SN of the polling AMD PDU could be different from the POLL_SN. This mismatch would lead wrong t-PollRetransmit timer handling and may also cause RLC SN gap. This section explains the issues.
2.1   t-PollRetransmit timer may not stop until expires
	5.2.3
AM data transfer
……

For each RLC SDU received from the upper layer, the AM RLC entity shall:

- 
associate a SN with the RLC SDU equal to TX_Next and construct an AMD PDU by setting the SN of the AMD PDU to TX_Next;

- 
increment TX_Next by one.

	5.3.2.1
Transmission of a AMD PDU
……

After submitting an AMD PDU including a poll to lower layer and after incrementing of TX_Next if necessary, the transmitting side of an AM RLC entity shall:

-
set POLL_SN to TX_Next – 1;

-
if t-PollRetransmit is not running:

-
start t-PollRetransmit;

-
else:

-
restart t-PollRetransmit;

	5.3.2.2
Reception of a STATUS report
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.


It was agreed, “When receiving an RLC SDU from upper layers, it is up to the UE implementation when to construct an AMD PDU”. This means upon receiving a RLC SDU from higher layer, UE can construct the corresponding AMD PDU and increment TX_Next (see section 5.2.3 of [2]) before receiving a transmission opportunity indication from lower layer. So, the TX_Next-1 may be larger than the largest SN of the delivered AMD PDU to lower layer. If a poll bit is set to the last delivered AMD PDU, the SN of the AMD PDU is different from the POLL_SN (=TX_Next-1, see section 5.3.2.1 of [2]). 
In such a case, the condition in section 5.3.2.2, “if the STATUS report comprises a positive or negative acknowledgement for the RLC SDU with sequence number equal to POLL_SN” will not be satisfied. The t-PollRetransmit timer will not stop until expires. And AM RLC Tx will retransmit a POLL when t-PollRetransmit timer expires even an expected STATUS report has already been received. Also in the AM RLC receiving side, upon receiving the retransmitted POLL the AM RLC Rx will transmit a new status report after the t-StatusProhibit expires, which is not expected.
See the example shows in figure 1, AM RLC Tx constructed AMD PDU with SN=n, n+1, n+2 and stored in its buffer, set TX_Next=n+3. According to section 5.3.2.1, AM RLC Tx submits the AMD PDU with SN=n and including a poll to lower layer upon receiving a transmitting opportunity from lower layer and the condition to include a poll is satisfied. After submitting the AMD PDU, set POLL_SN=TX_Next-1=n+2 and start/restart t-PollRetransmit. The RLC AM Rx will send a STATUS report upon receiving the AMD PDU with SN=n and the condition to send a STATUS report is satisfied. The largest SN that can be acknowledged is no more than SN=n, which is smaller than POLL_SN=n+2. So, when RLC Tx receives the STATUS report, t-PollRetransmit timer will not be stopped even the expected STATUS report has been received.
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Figure 1. Impacts of Pre-processing on polling
Observation 1 If set POLL_SN=TX_Next-1 as in section 5.3.2.1, the condition defined in section 5.3.2.2 may not be satisfied and the t-PollRetransmit timer will not stop until expires, and AM RLC Tx will retransmit a POLL even the expected STATUS report has already been received.
2.2   RLC SN gap happens in the AM RLC Tx side
	5.3.2.1
Transmission of a AMD PDU
……

After submitting an AMD PDU including a poll to lower layer and after incrementing of TX_Next if necessary, the transmitting side of an AM RLC entity shall:

-
set POLL_SN to TX_Next – 1;

-
if t-PollRetransmit is not running:

-
start t-PollRetransmit;

-
else:

-
restart t-PollRetransmit;

	5.3.2.3
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 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 5.3.2.1.


In addition, according to section 5.3.2.3 “Expiry of t-PollRetransmit” in [2], if the transmitting side of an AM RLC entity considers the RLC SDU with SN = TX_Next – 1 for retransmission upon expiry of t-PollRetransmit, RLC SN gap may happen in the transmission side which should be avoid according to the latest agreement.

See the example shows in figure 1. AM RLC Tx constructed AMD PDU with SN=n, n+1, n+2 and stored in its buffer, set TX_Next=n+3. According to section 5.3.2.1, AM RLC Tx submits the AMD PDU with SN=n and including a poll to lower layer upon receiving a transmitting opportunity from lower layer. After submitting the AMD PDU, set POLL_SN=TX_Next-1=n+2 and start/restart t-PollRetransmit. According to section 5.3.2.3, AM RLC Tx may retransmit RLC SDU with SN=TX_Next-1=n+2 upon expires of t-PollRetransmit, which will result in SN gap in AM RLC Tx side for that RLC SDU with SN=TX_Next-1=n+1 has not been transmitted yet.
Observation 2 Upon expiry of t-PollRetransmit, retransmission of an RLC SDU with SN=TX_Next-1 may result in RLC SN gap in the transmission side.

3   Solution

To solve the issues discussed above, we think the simplest solution is to introduce a transmit state variable (say TX_Send), which holds the SN of the AMD PDU delivered to lower layer. TX_Send is initially set to 0, and is updated whenever the AM RLC entity delivers an new AMD PDU which contains an RLC SDU or the first segment of a RLC SDU to lower layer. 

After submitting an AMD PDU including a poll to lower layer and after incrementing of TX_Send if necessary, the transmitting side of an AM RLC entity shall set POLL_SN to TX_Send. 

Proposal 1 POLL_SN holds the value of TX_Send upon the most recent transmission of an AMD PDU with the poll bit set to “1”. It is initially set to 0.

And also, 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_Send for retransmission; or

-
consider any RLC SDU which has not been positively acknowledged for retransmission;
Proposal 2 Define a transmit state variable TX_Send, which holds the value of the SN of the AMD PDU delivered to lower layer. it is initially set to 0, and is updated whenever the AM RLC entity delivers an new AMD PDU which contains an RLC SDU or the first segment of a RLC SDU to lower layer.
Proposal 3 RAN2 to agree the Text Proposal for TS 38.322 covering Polling in NR.
4   Conclusions
In this contribution we have discussed the issues related to Polling. We further propose the following:

Observation 1 If set POLL_SN=TX_Next-1 as in section 5.3.2.1, the condition defined in section 5.3.2.2 may not be satisfied and the t-PollRetransmit timer will not stop until expires, and AM RLC Tx will retransmit a POLL even the expected STATUS report has already been received.
Observation 2 Upon expiry of t-PollRetransmit, retransmission of an RLC SDU with SN=TX_Next-1 may result in RLC SN gap in the transmission side.

Proposal 1 POLL_SN holds the value of TX_Send upon the most recent transmission of an AMD PDU with the poll bit set to “1”. It is initially set to 0.

Proposal 2 Define a transmit state variable TX_Send, which holds the value of the SN of the AMD PDU delivered to lower layer. it is initially set to 0, and is updated whenever the AM RLC entity delivers an new AMD PDU which contains an RLC SDU or the first segment of a RLC SDU to lower layer.

Proposal 3 RAN2 to agree the Text Proposal for TS 38.322 related to Polling in NR.
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Appendix: TP for TS 38.322 related to Polling in NR
5.2.3
AM data transfer
5.2.3.1
Transmit operations

5.2.3.1.1
General

[Omit]

When submitting an AMD PDU that contains a segment of an RLC SDU, to lower layer, the transmitting side of an AM RLC entity shall:

-
set the SN of the AMD PDU to the SN of the corresponding RLC SDU.
When submitting a new AMD PDU that contains an RLC SDU or the first segment of an RLC SDU that has not been transmitted before, to lower layer, the transmitting side of an AM RLC entity shall:

-
set TX_Send to the SN of the AMD PDU.
5.3.2
Polling

An AM RLC entity can poll its peer AM RLC entity in order to trigger STATUS reporting at the peer AM RLC entity.

5.3.2.1
Transmission of a AMD PDU
[Omit]

After submitting an AMD PDU including a poll to lower layer and after incrementing of TX_Next if necessary, the transmitting side of an AM RLC entity shall:

-
set POLL_SN toTX_Send;

-
if t-PollRetransmit is not running:

-
start t-PollRetransmit;

-
else:

-
restart t-PollRetransmit;

5.3.2.3
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 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_Sendfor 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 5.3.2.1.

7
Variables, constants and timers

7.1
State variables
[Omit]

The transmitting side of each AM RLC entity shall maintain the following state variables:

[Omit]
c) POLL_SN – Poll send state variable

This state variable holds the value of TX_Send upon the most recent transmission of an AMD PDU with the poll bit set to “1”. It is initially set to 0.
d) TX_Send – Transmit state variable

This state variable holds the value of the SN of the AMD PDU delivered to lower layer. It is initially set to 0, and is updated whenever the AM RLC entity delivers an new AMD PDU which contains an RLC SDU or the first segment of a RLC SDU to lower layer.

[image: image2.png]



Receive RLC SDU from upper layer





Construct AMD PDU and update TX_Next





Submit AMD PDU to lower layer when notification of a transmission opportunity is received from lower layer and set POLL_SN=TX_Next-1 when the submitted AMD PDU with a poll.





SDU





SDU





SDU





PDU n+1





PDU n+2





TX_Next=n+3





PDU n





POLL_SN= n+2





With a poll








