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RAN2#99 agreed: 
Agreements
1. SN RLC UM size of 6 bits and 12 bits
2. Confirm that byte alignment requirement in RLC status report applies to specific blocks within the RLC status report PDU separately
3. The interpretation of E1/E2/E3 is not changed. 
4. The NACK range is placed after SOstart/SOend 
5. NACK range field size is 8 bits 

This contribution discusses about problems in already agreed STATUS report format and proposes removal of the SO-pair and NACK_RANGE optimization in order to improve the system. Additionally, we discuss about a problem in status reporting if RLC PDUs are not delivered lower layer in-sequence, or if lower layer is allowed to transmit RLC PDUs in arbitrary order. Finally, we propose TP for RLC polling in order to finalize the polling discussion. 
[bookmark: _Ref178064866]Discussion
Current RLC status report format is described in Figure 1. 


Figure 1: RLC Status report format with 12-bit and 18-bit SN 
Based on the agreements in previous meetings, the segmentation is SDU based. Consequently, all the segments belonging to the same SN will get same sequence number as illustrated in the Figure 2. 


Figure 2: RLC Sequence number assignment for RLC segments 

Incorporating SO-pair with the NACK_SN_RANGE does not make sense from the overhead perspective or from the status report creation/parsing perspective. When considering a case where a segment and a range of SNs is lost, for example, 250 consecutive SNs. The status report format would indicate one missing segment and 250 consecutively lost SNs. Rather than creating complex optimization for the status report format, the receiver could increase NACK_SN range by +1 for the missing segment. This would result that transmitter would retransmit the whole SDU.  This would result lower complexity in status report creation as well as status report parsing and save overhead in status report format. 


Figure 3: Visualization of the current STATUS report format	
It is possible to see from the Figure 3 that the optimization made for status report format adds complexity to the status report creation and parser logic without introducing significant overhead gains. 
[bookmark: _Toc494393063]Adding SO-pair before the NACK_SN range is not optimal from the overhead or processing perspective. 
[bookmark: _Toc494393066]NACK_SN range is not associated with the SO field. 
NACK SN gaps 
There may be cases where due to the LCP implementation RLC PDUs may not be placed into the MAC PDUs in increasing SN order. This may cause that the NACK SN range becomes unusable. In the case that UEs are allowed to place RLC PDUs in arbitrary order, the RLC status report could be reconsidered. One solution could be to use bitmap instead of NACK_SN range. Bitmap could indicate multiple missing SNs without the requirement of SNs being consecutive. 
[bookmark: _Toc494393064]Bitmap could be used instead of NACK_SN range if UE is allowed to place RLC PDUs to MAC PDUs in arbitrary order. 

RLC Polling 
RLC Polling is used by RLC transmitter to request status report from receiving RLC entity. In LTE, there are two counters associated with the polling which are both counting transmitted data after last poll bit was transmitted. One of the counters is PDU_WITHOUT_POLL which keeps track of transmitted PDUs and another is BYTE_WITHOUT_POLL, which keeps track of transmitted bytes. 
RAN2 agreed to have one SN per SDU in RLC AM. Impact of the change to transmission/receive window is that the receiver window moves slower as no individual SNs are assigned for SDU segments like in LTE. The question is whether this has impact on PDU_WITHOUT_POLL and BYTE_WITHOT_POLL counters. 
PDU_WITHOUT_POLL counter is incremented for every received PDU, whether it is segment or not. There is no direct association between SDU SN and PDU_WITHOUT_POLL on transmitter side. On receiver side, when SDU segment with P-bit is received, the receiver waits until all PDUs associated with the PDU are received before initiating status report. Alternatively, status report is triggered by T-reassembly/reordering timer. 
BYTE_WITHOUT_POLL is incremented based on received bytes. The purpose of this counter is to prevent window stalling when large PDUs are transmitted. Like PDU_WITHOUT_POLL, there is no problem to keep the LTE behaviour on transmitter side. From receiver perspective, the behaviour is same as PDU_WITHOUT_POLL as the receiver only observes that poll-bit was set to one. 

[bookmark: _Toc488908940][bookmark: _Toc488909014][bookmark: _Toc494393067]LTE behaviour is adopted for counters: PDU_WITHOUT_POLL and BYTE_WITHOUT_POLL. 
[bookmark: _Toc488908941][bookmark: _Toc488909015][bookmark: _Toc494393068]Text proposal for RLC polling is adopted

 
Indicating multiple missing segments 
All segments, which are associated with the same SN will have same sequence number. In order to indicate multiple missing segments with status report format, multiple SO fields can be set under the same SO field.  This does not conflict with the description of the E2 and E3 bit because the NACK_SN_RANGE field may indicate the number of missing segments that will follow. This is low-complexity solution that removes overhead from the status report format. When NACK_SN_RANGE indicates the count, there is no need to create new parser implementation for the E2=1 and E3=1 field. 



Figure 5: NACK_SN_RANGE is indicating number of missing segments.	
[bookmark: _Toc490225518][bookmark: _Toc490243326][bookmark: _Toc490221169][bookmark: _Toc490221187][bookmark: _Toc490221381][bookmark: _Toc490221618][bookmark: _Toc490221661][bookmark: _Toc490221670][bookmark: _Toc490221698][bookmark: _Toc490221711][bookmark: _Toc490221723][bookmark: _Toc490221730][bookmark: _Toc490221766][bookmark: _Toc490221780][bookmark: _Toc490221787][bookmark: _Toc490221820][bookmark: _Toc490221824][bookmark: _Toc490221828][bookmark: _Toc490221832][bookmark: _Toc494393069]Status report format supports a format where multiple missing SDU segments having the same SN are indicated. 
[bookmark: _Toc490221170][bookmark: _Toc490221171][bookmark: _Toc490225519][bookmark: _Toc490221382][bookmark: _Toc490221619][bookmark: _Toc490221662][bookmark: _Toc490221671][bookmark: _Toc490221699][bookmark: _Toc490221712][bookmark: _Toc490221724][bookmark: _Toc490221731][bookmark: _Toc490221767][bookmark: _Toc490221781][bookmark: _Toc490221788][bookmark: _Toc490221821][bookmark: _Toc490221825][bookmark: _Toc490221829][bookmark: _Toc490221833][bookmark: _Toc490225520][bookmark: _Toc490243327][bookmark: _Hlk488751991][bookmark: _Toc494393070]NACK_SN_RANGE indicates the number of SO_START and SO_END pairs that follow the NACK_SN_RANGE like in figure 2. 

[bookmark: _Ref189046994]Text Proposal
[bookmark: _Toc477961578][bookmark: _Toc484620858][bookmark: _Toc488395823][NEXT CHANGE]
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.
[bookmark: _Toc477961579][bookmark: _Toc484620859][bookmark: _Toc488395824]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 assembly of a new AMD PDU, the transmitting side of an AM RLC entity 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;
-	if PDU_WITHOUT_POLL >= pollPDU; or
-	if BYTE_WITHOUT_POLL >= pollByte;
-	include a poll in the RLC data PDU as described below.
Upon assembly of an AMD SDU or AMD SDU 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.
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.
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 to "1";
-	set PDU_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;
[bookmark: _Toc477961580]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 RLC data PDU with sequence number equal to POLL_SN:
-	if t-PollRetransmit is running:
-	stop and reset t-PollRetransmit.

[END]

Conclusion
In section 2 we made the following observations:
Observation 1	Adding SO-pair before the NACK_SN range does not make sense from the overhead or processing perspective.
Observation 2	Bitmap could be used instead of NACK_SN range if UE is allowed to place RLC PDUs to MAC PDUs in arbitrary order.

Based on the discussion in section 2 we propose the following:
Proposal 1	NACK_SN range is not associated with the SO field.
Proposal 2	LTE behaviour is adopted for counters: PDU_WITHOUT_POLL and BYTE_WITHOUT_POLL.
Proposal 3	Text proposal for RLC polling is adopted
Proposal 4	Status report format supports a format where multiple missing SDU segments having the same SN are indicated.
Proposal 5	NACK_SN_RANGE indicates the number of SO_START and SO_END pairs that follow the NACK_SN_RANGE like in figure 2. 
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