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1. Introduction
In the previous RAN2 meeting, the following agreements have been made on ARQ transmission in the RLC layer.

	- The ARQ will be supported in RLC.

- As in LTE, RLC AM should support only lossless AM operation
- RLC polling mechanisms are the same as in the LTE.   No additional enhancements are needed.  


For the data submission procedure in PDCP, the following agreement has been made:

	The UE is allowed to pre-process data for split bearer before a request from lower layers is received and is allowed to submit to lower layers before a request is received.  A restriction on bad UE behaviour or a requirement on proper behaviour will be added.  FFS how to capture it (e.g.  capture how avoid bad UE behaviours related to which PDCP SN are sent to the RLC and not transmitted at the end and whether and how to capture a pre-processing limit)


In this contribution, we intend to make a further discussion on the timing to place the polling bit in the RLC PDU and the calculation of the variables in ARQ operation. 
Compared with the previous submission, we have additionally considered the polling mechanism in the LTE-side of EN-DC and the modifications we should adopt in this scenario.

2. Remaining issues in polling in NR RLC
In LTE, polling is sent from the transmitter side of RLC AM to obtain the reception status from the receiver side so that the transmit window can be timely updated. Polling request is sent by setting the P-field in the only RLC PDU in a TB to 1 and the polling request is sent per logical channel/RLC AM entity. There are four triggering conditions for including a polling bit in the RLC AM PDU:
a. PDU_WITHOUT_POLL >= pollPDU;

b. BYTE_WITHOUT_POLL >= pollByte;

c. The expiry of t-PollRetransmit;
d. No new RLC PDU could be transmitted or empty transmission/retransmission buffer.
In the previous meeting, we have agreed that the same polling mechanism shall be adopted in NR. However, in NR, concatenation is removed from the RLC layer. This agreements may have the following impacts for polling:
Concatenation is removed from the RLC layer and RLC PDU can be generated prior to the transmission opportunity indicated by the lower layer. Then, 
· When the P-field should be placed?
· How should PDU_WITHOUT_POLL and BYTE_WITHOU_POLL should be calculated?
In the following, we intend to address the above issues respectively.
3.1 When to place the P-field
In LTE, the P-field is determined during the assembly of the RLC PDU for all of the four triggers, after which the RLC PDU is delivered to the lower layer immediately. However, in NR, RLC PDU is generated before it is delivered to the lower layer. A similar timing for NR as the assembly of RLC PDU will be when the transmission opportunity is indicated by the lower layer, after which the RLC PDU will be delivered to the lower layer. Hence, following the time sequence of that in LTE, we think that, in NR, P-field should be determined when the RLC PDU are granted with a transmission opportunity by the lower layer.
Proposal 1: P-field should be set in the RLC PDU that triggers the polling when RLC PDU receives transmission opportunity from the lower layer. 
3.2 How should PDU_WITHOUT_POLL and BYTE_WITHOUT_POLL be calculated
In LTE, it is defined in 36.322 that the PDU_WITHOUT_POLL and BYTE_WITHOUT_POLL will be calculated as follows:

	Upon assembly of a new AMD PDU, the transmitting side of an AM RLC entity except for NB-IoT shall:

-
increment PDU_WITHOUT_POLL by one;

-
increment BYTE_WITHOUT_POLL by every new byte of Data field element that it maps to the Data field of the RLC data PDU;


PDU_WITHOUT_POLL and BYTE_WITHOUT_POLL are designed for the transmitting AM entity to have a timely update on the status on the receiver-side: PDU_WITHOUT_POLL is designed for advancing the transmit window and BYTE_WITHOUT_POLL is designed to avoid the buffer overflow in the transmitter side due to large RLC PDU size.  In LTE, PDU_WITHOUT_POLL will only be incremented for the initially segmented RLC PDUs. In other words, PDU_WITHOUT_POLL will not be incremented if re-segmented RLC PDU is transmitted. While for initial segmentation, a new SN is assigned and for re-segmentation, the SN of the original RLC PDU is reused for the segments. Hence, we observe that there is a one-to-one correspondence between the transmitted SN and the RLC PDU that increments the variable PDU_WITHOU_POLL.

Observation 1: In LTE, the motivation for designing the variable PDU_WITHOUT_POLL is to track the SN usage on the transmitter side. And there is a one-to-one correspondence between newly assembled RLC PDU and SN.  
For NR, however, with concatenation removed from the RLC layer, there is no longer a one-to-one correspondence between RLC PDU and SN. But rather, due to the pre-generation of RLC subheader, there is a one-to-one correspondence between RLC SDU and SN.
Observation 2: In NR, there will not be one-to-one correspondence between RLC PDU and SN. But rather, there will be such a correspondence between RLC SDU and SN. 
The following figure gives an example in the SDU-based and PDU-based counting in NR. Four RLC SDUs are transmitted in three TBs, with the second RLC SDU segmented and transmitted in two TBs. Hence, the total SN usage will be four after the transmission. For the figure, we can observe that, the PDU-based counting will be 5, which is different from the SN usage; while the SDU-based counting will be 4, which is the same as SN usage. This is only the case when there is one segment. If there is segment in the transmission in every TB, the effect will be significant: counting based on RLC PDU cannot reflect the real usage of SN in the transmitter RLC AM entity.
Hence, due to the one-to-one correspondence between RLC SDU and SN, it is more proper to use SDU_WIHTOUT_POLL instead of PDU_WITHOUT_POLL in NR.  Based on the above discussion, we make the following proposal regarding to one of the triggering condition in NR. 
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Figure 1: Example for SDU-based and PDU-based counting and the SN usage in NR 
Proposal 2: NR should adopt SDU-based counting for the polling trigger.
Based on the above proposal, the variable name in NR should be changed. Hence, we also propose:
Proposal 3: In the ARQ operation of RLC AM, NR should use the term SDU_WITHOUT_POLL instead of PDU_WITHOUT_POLL and the threshold for triggering the polling should be pollSDU instead of pollPDU.
In this way, we are ready to specify how the two variables should be calculated in NR:
Proposal 4a: SDU_WITHOUT_POLL should be incremented by one upon the indication of a transmission opportunity from the lower layer for an AMD PDU containing a new RLC SDU or segment. 

Proposal 4b: BYTE_WITHOUT_POLL should be incremented by every new byte of Data field element that it maps to the Data field of the RLC data PDU upon the indication for its transmission opportunity. 
3. Issues for polling in EN-DC

For LTE DC, the following note is added to address the repeated transmission of polling for the trigger “last data in transmission and retransmission buffer” in the case of EN-DC.

	NOTE:
Empty RLC buffer (excluding transmitted RLC data PDU awaiting for acknowledgements) should not lead to unnecessary polling when data awaits in the upper layer. Details are left up to UE implementation.


The motivation to add this note is, as a polling trigger for NR, there is “both the transmission buffer and the retransmission buffer becomes empty (excluding transmitted RLC data PDU awaiting for acknowledgements) after the transmission of the RLC data PDU”. In this case, RLC only tests the condition for the trigger based on the data in the RLC buffer. On the other hand, for UL split bearer, PDCP is kept in PDCP buffer and only delivers PDCP PDU to RLC upon its request. In this way, trigger polling may be repeated triggered due to the last data in the RLC buffer while PDCP still has the available data. 
As NR will follow the same mechanism for polling. For the case of EN-DC, we think that the PDCP layer should only deliver data to the RLC in the eNB side when request is received. [2] Therefore, this note still applies for the LTE-RLC. While for the NR-RLC, because it has been agreed that PDCP can deliver packets to the lower layer before request is received, this note does not apply anymore.  Based on the above observations, we make the following proposal for the LTE-RLC for polling in case of EN-DC.
Proposal 5: RAN2 should confirm that, for EN-DC, the note in 36322 for polling, which is related to the PDCP data submission after RLC request, should still apply for LTE-RLC, while it should not apply for NR-RLC.
4. Conclusion
In this contribution, we discuss the remaining issue of polling in NR and EN-DC. The following observation was made:

Observation 1: In LTE, the motivation for designing the variable PDU_WITHOUT_POLL is to track the SN usage on the transmitter side. And there is a one-to-one correspondence between newly assembled RLC PDU and SN.  

Observation 2: In NR, there will not be one-to-one correspondence between RLC PDU and SN. But rather, there will be such a correspondence between RLC SDU and SN. 
Based on the above observations, the following proposals have been made:
Proposal 1: P-field should be placed in the RLC PDU that triggers the polling when RLC PDU receives transmission opportunity from the lower layer. 
Proposal 2: NR should adopt SDU-based counting for the polling trigger.

Proposal 3: In the ARQ operation of RLC AM, NR should use the term SDU_WITHOUT_POLL instead of PDU_WITHOUT_POLL and the threshold for triggering the polling should be pollSDU instead of pollPDU.

Proposal 4a: SDU_WITHOUT_POLL should be incremented by one upon the indication of a transmission opportunity from the lower layer for an AMD PDU containing a new RLC SDU or segment. 

Proposal 4b: BYTE_WITHOUT_POLL should be incremented by every new byte of Data field element that it maps to the Data field of the RLC data PDU upon the indication for its transmission opportunity. 

Proposal 5: RAN2 should confirm that, for EN-DC, the note in 36322 for polling, which is related to the PDCP data submission after RLC request, should still apply for LTE-RLC, while it should not apply for NR-RLC.
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6. Text proposal for 38.322
===============================start of 5.2.2 of 38322===================================
5.2.2
Polling

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

5.2.2.1
Transmission of a AMD PDU
Editor’s note: The calculation of PDU_WITHOUT_POLL and BYTE_WITHOUT_POLL may need to be clarified for NR. This section will then be updated. For now the text does NOT describe how these variables are calculated, or when a POLL bit is included.
Upon the indication of transmission opportunity for an AMD PDU, the transmitting side of an AM RLC entity shall:

-
if the assembled AMD PDU contains a new SDU or SDU segment

-
increment SDU_WITHOUT_POLL by one

-
increment BYTE_WITHOUT_POLL by every new byte of Data field element that it maps to the Data field of the RLC data PDU;

-
if SDU_WITHOUT_POLL >= pollSDU or

-
if BYTE_WITHOUT_POLL >= pollByte;

-
include a poll in the RLC data PDU as described below.
Upon assembly of an AMD PDU or AMD PDU segment, the transmitting side of an AM RLC entity shall:

-
if both the transmission buffer and the retransmission buffer becomes empty (excluding transmitted RLC data PDU awaiting for acknowledgements) after the transmission of the RLC data PDU; or

-
if no new RLC data PDU can be transmitted after the transmission of the RLC data PDU (e.g. due to window stalling);

-
include a poll in the RLC data PDU as described below.

To include a poll in a RLC data PDU, the transmitting side of an AM RLC entity shall:

-
set the P field of the RLC data PDU triggering polling to "1";

-
set SDU_WITHOUT_POLL to 0;

-
set BYTE_WITHOUT_POLL to 0;
After delivering 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;

5.2.2.2
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 AMD PDU with sequence number equal to POLL_SN:

-
if t-PollRetransmit is running:

-
stop and reset 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 AMD PDU awaiting for acknowledgements); or

-
if no new AMD PDU 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;

Upon indication from the lower layer a transmission opportunity for the RLC AMD PDU:
-
include a poll in an AMD PDU as described in section 5.2.2.1.

===============================end of 5.2.2 of 38322===================================
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