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1. Introduction
In last meetings, RAN2 has agreed that NR RLC will not support concatenation and LTE AM receive operation will be as baseline in NR [1]. It was found that there may be some mismatch between no concatenation and current AM receive operation, especially for RX_Next_Highest_Rcvd (highest received state variable, i.e. similar to VR(H) in LTE) update and status reporting in [2].
In this contribution, we will discuss this issue and find suitable solution. And our proposals will be given.
2. Discussion
· What is the issue?
In current NR RLC specifications, AM receive operations include following steps [3]:
	[bookmark: _Toc477961574]5.1.3.2.3	Actions when an AMD PDU is placed in the reception buffer
When an AMD PDU with SN = x is placed in the reception buffer, the receiving side of an AM RLC entity shall:
-	if x >= RX_Next_Highest_Rcvd 
-	update RX_Next_Highest_Rcvd to x+ 1;
***************Some contents are skipped. ***************************************************
-	if t-Reordering is not running (includes the case t-Reordering is stopped due to actions above):
-	if RX_Next_Highest_Rcvd > RX_Next:
-	start t-Reordering;
-	set RX_Next_Status_Trigger to RX_Next_Highest_Rcvd.


The above operations have no problem in LTE. But similar operations reused in NR will cause some unexpected ambiguity. The big difference is segmentation/re-segmentation. In NR, when a part of a PDU is received, the rest of this PDU might not have been transmitted yet.
In LTE, part of PDU reception just occurs in re-segmentation case which means that the whole PDU with SN = x has already been transmitted once, at least. Later because of Polling or some other triggers, the whole PDU will be retransmitted again. When resource is not enough to carry the whole PDU, re-segmentation will occur and the receiver will receive a part of the original PDU. For example, if the last PDU in transmission buffer is missed, polling will trigger. This last PDU will be re-transmitted to carry P bit. If resource is not enough, re-segmentation of that PDU occurs and the first segment reception will trigger VR(H) to update. In this case, there is no problem if VR(H) is updated to x + 1 because the remaining part(s) of this PDU have all been transmitted. And this is not a common case.
But in NR, besides the above case, there is a more common reception situation. When transmitter wants to transmit a new SDU, the SDU (with assumption SN = x) will be segmented when resource is not enough. Then receiver receives a part of PDU x. According to current RLC operation, if x is higher than RX_Next_Highest_Rcvd (i.e. VR(H) in LTE), RX_Next_Highest_Rcvd will be update to x + 1. This necessarily creates some gaps between PDU x and RX_Next_Highest_Rcvd. But the remaining part of PDU x has not been transmitted yet. So, any gap detection and corresponding t-Reordering triggering would not be justified in that case. Moreover if the remaining part of PDU x is delayed for scheduler reason, RLC receiver may send a NACK status report in order to request a “retransmission” of the remaining part of PDU x (although not yet transmitted at all). That clearly results in an incorrect behavior.


Proposal 1: RX_Next_Highest_Rcvd should not be updated to x+1 when receive first or middle segment of a newest SDU with SN = x because this will cause incorrect t-Reordering timer triggering.
· How to solve it?
About the above issue, basic solution is to enhance RX_Next_Highest_Rcvd maintaining, e.g. like the followings:
When an RLC data PDU with SN = x is placed in the reception buffer, the receiving side of an AM RLC entity shall:
-	if x >= RX_Next_Highest_Rcvd
-	if this PDU is a whole SDU or the last segment of SDU
	-    update RX_Next_Highest_Rcvd to x+ 1;
-	else
	-    update RX_Next_Highest_Rcvd to x;
In other words, when a highest whole PDU is received, RX_Next_Highest_Rcvd is updated to the next SN like in current operation. But when a highest segment is received, the type of segment needs to be further evaluated. In the case of the first segment and middle segments, RX_Next_Highest_Rcvd is only updated to the current SN to show that the next expected data is the next segment of this SN. In the case of last segment, RX_Next_Highest_Rcvd is updated to the next SN like the whole PDU case.
In addition, adopting this method for updating RX_Next_Highest_Rcvd also avoids incorrect t-Reordering timer triggering. And NACK status report for non-transmitted SDU segments will not be triggered either.
Proposal 2: RX_Next_Highest_Rcvd will be update to x+1 only when a newest whole SDU or the last missing segment of newest SDU is received, otherwise it will be updated to x which is the SN of newest SDU.
The next question is how to carry ACK_SN when we use the above new method of RX_Next_Highest_Rcvd updating. In the receiver, there are two triggers for status report: t-Reordering timer expiry and P bit. For the former, let’s assume that t-Reordering timer expires and there are some missing PDUs to be reported. Futhermore assuming RX_Highest_Status is equal to RX_Next_Highest_Rcvd which means that there is no reception gap except for the only range of t-Reordering timer, status report will carry an ACK_SN equal to RX_Next_Highest_Rcvd and a list of NACK information for lower SNs. This ACK_SN means next ACKed SN. Furthermore if headmost segments of ACK_SN have been received consecutively, a new field of ACK_SO accompanied ACK_SN can also carry this additional segmentation information. But this ACK_SO needs extra overhead. Considering trade-off between overhead and effectiveness, only ACK_SN is preferable. 
Proposal 3: Current ACK_SN in status report has no problem with new method of RX_Next_Highest_Rcvd update to indicate all PDUs before ACK_SN are ACKed except for explicit NACKed PDUs.
Furthermore, when the size of service packet is big, e.g. 9Kbytes, and transport block is small due to bad radio link quality or resource limitation, an SDU divided into multiple segments will happen. For example like the following figures:
In T1, the second segment of SDU is received. Then the first segment of SDU is detected as a gap to trigger a t-Reordering.
In T2, the fourth segment of SDU is received. Because there is only one t-Reordering, just record the receiving status.
In T3, the first segment of SDU is received. The t-Reordering is stopped since all gaps are received before the current timer recorded range. Then the third segment of SDU is detected as gap and restarts a new t-Reordering.
In the above procedure, in order to trigger t-Reordering and update receiver state variables correctly, it is a better way to record the detailed SO information related to each state variables. 


Proposal 4: RAN2 is kindly requested to discuss whether AM receiver status variables need to record detailed SO information.
Then, we discuss below the impact on the polling mechanism.
· How to handle P bit in SDU segment?
In NR, if polling is triggered, a newest transmitted PDU or SDU segment will carry a P bit for fast status report feedback. When P bit is carried by an SDU segment, it should be discussed whether a status report will be sent immediately or postponed to receive the whole SDU, even in a consecutive reception scenario. The merit of immediate status report triggering is to achieve fast feedback. For example, if there is some scheduling delay in the transmit side for the rest of polling SDU, immediate status report triggering can fasten the polling procedure completion. But the demerit of it is it requires enhancing the status PDU format to carry more detailed segmentation information along with the ACK_SN, e.g. a new field named ACK_SO. A low-overhead method is to postpone status report triggering to receive the whole SDU of carrying P bit. In this case, SO is not needed in status report. We slightly prefer to keep current status report format.
Proposal 5: When P bit is carried in an SDU segment, status report will be postponed to receive the whole SDU of carrying P bit.
3. Conclusion
Based on the analysis in section 2, the followings are proposed:
Proposal 1: RX_Next_Highest_Rcvd should not be updated to x+1 when receive first or middle segment of a newest SDU with SN = x because this will cause incorrect t-Reordering timer triggering.
Proposal 2: RX_Next_Highest_Rcvd will be update to x+1 only when a newest whole SDU or the last missing segment of newest SDU is received, otherwise it will be updated to x which is the SN of newest SDU.
Proposal 3: Current ACK_SN in status report has no problem with new method of RX_Next_Highest_Rcvd update to indicate all PDUs before ACK_SN are ACKed except for explicit NACKed PDUs.
Proposal 4: RAN2 is kindly requested to discuss whether AM receiver status variables need to record detailed SO information.
Proposal 5: When P bit is carried in an SDU segment, status report will be postponed to receive the whole SDU of carrying P bit.
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5. Text proposal
5.1.3.2.3	Actions when an AMD PDU is placed in the reception buffer
When an AMD PDU with SN = x is placed in the reception buffer, the receiving side of an AM RLC entity shall:
-	if x >= RX_Next_Highest_Rcvd 
-	if this PDU is a whole SDU or the last segment of SDU
-	update RX_Next_Highest_Rcvd to x+ 1;
-	else
-	update RX_Next_Highest_Rcvd to x;
-	if all bytes of the RLC SDU with SN = x are received:
-	reassemble the RLC SDU from AMD PDU(s) with SN = x, remove RLC headers when doing so and deliver the reassembled RLC SDU to upper layer;
-	if x = RX_Highest_Status,
-	update RX_Highest_Status to the SN of the first RLC SDU with SN > current RX_Highest_Status for which not all bytes have been received;
-	if x = RX_Next:
-	update RX_Next to the SN of the first RLC SDU with SN > current RX_Next for which not all bytes have been received; 
-	if t-Reordering is running:
-	if RX_Next_Status_Trigger = RX_Next and there is no missing byte segment of the SDU associated with SN = RX_Next before the last byte of all received segments of this SDU; or
-	if RX_Next_Status_Trigger falls outside of the receiving window and RX_Next_Status_Trigger is not equal to RX_Next + AM_Window_Size:
-	stop and reset t-Reordering;
-	if t-Reordering is not running (includes the case t-Reordering is stopped due to actions above):
-	if RX_Next_Highest_Rcvd > RX_Next; or 
-	if RX_Next_Highest_Rcvd = RX_Next  and there is at least one missing byte segment of the SDU associated with SN = RX_Next  before the last byte of all received segments of this SDU:
-	start t-Reordering;
-	set RX_Next_Status_Trigger to RX_Next_Highest_Rcvd.
[bookmark: _Toc477961575][bookmark: _Toc484620855][bookmark: _Toc488395820]5.1.3.2.4	Actions when t-Reordering expires
When t-Reordering expires, the receiving side of an AM RLC entity shall:
-	update RX_Highest_Status to the SN of the first RLC SDU with SN >= RX_Next_Status_Trigger for which not all bytes have been received;
-	if RX_Next_Highest_Rcvd > RX_Highest_Status; or 
-	if RX_Next_Highest_Rcvd = RX_Highest_Status and there is at least one missing byte segment of the SDU associated with SN = RX_Highest_Status before the last byte of all received segments of this SDU:
-	start t-Reordering;
-	set RX_Next_Status_Trigger to RX_Next_Highest_Rcvd.
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