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1	Introduction
The following has been agreed by RAN2#97bis meeting:
Agreements on RLC PDU format
-	NR RLC PDU and NR RLC PDU header should be byte-aligned.
-	NR RLC PDU will not include Length Indicator (LI) field.
-	NR RLC PDU will use 2-bits “FI-like” field to distinguish the complete RLC SDU, the first SDU segment, the middle SDU segment and the last SDU segment and SO field is needed just in the case of the middle SDU segment or the last SDU segment.  
-	NR RLC TMD PDU only consists of a Data field and does not consist of any RLC headers.
-  FFS if NR RLC UMD SDU should not include SN field and only NR RLC UMD SDU segment should carry SN field
-	NR RLC AMD PDU includes a 1-bit D/C field, 1-bit P field
-	RLC status report format is byte-aligned
-	Introduce a new field(s) “NACK SN range” in the status report format. FFS the details of this field and how the status report is coded

Additionally, RAN2#98 made the following agreement w.r.t. duplicate detection for RLC UM:
Agreements:
=>	Duplicate detection in RLC UM is not necessary 

And in RAN2 NR Ad Hoc #2, the following were agreed:
Agreements
1.	RLC UM without SN for the complete SDU is selected.   FFS which options is selected 
2.	SI field is included in RLC UM header to differentiate complete RLC SDU, the first SDU segment, the middle SDU segment, and the last SDU segment. 
 -	The header of unsegmented SDU contains only SI field. 
-	The header of first segment contains only SI field and SN. 
-	The header of middle and last segment contains SI field, SN, and SO.  
This contribution discusses the details on RLC UM operation.
2	Discussion
During the email discussion “[98#39] – RLC UM – Qualcomm”, different options were discussed for the case of SN only for segments.
· Option 2-1: window based
· Option 2-2: single timer based (+ window)
· Option 2-3: multiple timer based 
Without in order delivery and duplication detection for RLC UM, window based operation is enough to know when the segments that falls out of the window can be discarded so that they would not be wrongly reassembled with SDUs after SN wrap around. 
Comparing to 2-1, gap based timer helps earlier discarding segments than window based operation knowing the HARQ retx has finished, but it would require window-like operation and necessary variables to keep track of the gaps, thus introduces extra unnecessary complexity. Note that if the transmitter avoids sending SN wrapped around PDUs before the discard timer expiry, the window itself would not be needed on top of the timer for segments discarding purpose.
For option 2-3, SDU/segments based timer would restrict scheduler and stall the transmissions as discussed in the email discussion thus should be excluded.
Below we give TPs for window based operation and gap based timer operation to show the differences in complexity. 
Modifications to 36.322 for UM operation with window based option (2-1) is show below with the resulting TP shown in Annex and the following observations observed for window based solution: 
Observation 1-1: VR(UR), VR(UX) and T-reordering in LTE for reordering and keeping tracking of the gaps are not needed anymore for window based operation;
Observation 1-2: only one variable needed at the receiver side for window based operation, i.e. the highest received SN (RX_Next_Highest_Rcvd).
Observation 1-3: reordering window can be replaced with receiving window;
Observation 1-4: duplication detection within the receiving window is not needed anymore.
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When delivering a new UMD PDU to lower layer, the transmitting UM RLC entity shall:
-	if the UMD PDU contains a RLC SDU segment:
-	if the UMD PDU contains a first segment of a RLC SDU:
-	set the SN of the UMD PDU to TX_NextVT(US), and then increment TX_Next VT(US) by one.
-	else:
-	set the SN of the UMD PDU to the same SN as the first segment of the RLC SDU.

[bookmark: _Toc398111721]5.1.2.2	Receive operations
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The receiving UM RLC entity shall maintain a reordering receiving window according to state variable RX_Next_Highest_Rcvd VR(UH) as follows:
-	a SN falls within the receiving reordering window if (RX_Next_Highest_Rcvd VR(UH) – UM_Window_Size) <= SN < RX_Next_Highest_RcvdVR(UH);
-	a SN falls outside of the receiving reordering window otherwise.
When receiving an UMD PDU from lower layer, the receiving UM RLC entity shall:
-	either remove the RLC header and deliver the RLC SDU to upper layerdiscard the received UMD PDU or place it in the reception buffer (see sub clause 5.1.2.2.2);
-	if the received UMD PDU was placed in the reception buffer:
-	update state variables, reassemble and deliver RLC SDUs to upper layer when the RLC SDU can be reassembled and start/stop t-Reordering as needed (see sub clause 5.1.2.2.3);
When t-Reordering expires, the receiving UM RLC entity shall:
-	update state variables, reassemble and deliver RLC SDUs to upper layer and start t-Reordering as needed (see sub clause 5.1.2.2.4).
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When an UMD PDU is received from lower layerWhen an UMD PDU with SN = x is received from lower layer, the receiving UM RLC entity shall:
-	if VR(UR) < x < VR(UH) and the UMD PDU with SN = x has been received before; or
-	if (VR(UH) – UM_Window_Size) <= x < VR(UR):
-	discard the received UMD PDU;
-	if the UMD PDU contains a complete RLC SDU:
-	remove the RLC header and deliver the RLC SDU to upper layer. 
-	else:
-	place the received UMD PDU in the reception buffer.
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When an UMD PDU with SN = x is placed in the reception buffer, the receiving UM RLC entity shall:
-	if x falls outside of the reordering receiving window:
-	update RX_Next_Highest_Rcvd VR(UH) to x + 1;
-	reassemble RLC SDUs fromdiscard any UMD PDUs with SN that falls outside of the reordering receiving window;
-	reassemble RLC SDUs from any UMD PDUs with SN that falls within the receiving window
, remove RLC headers when doing so and deliver the reassembled RLC SDUs to upper layer in ascending order of the RLC SN if not delivered before.;
-	if VR(UR) falls outside of the reordering window:
-	set VR(UR) to (VR(UH) – UM_Window_Size);
-	if the reception buffer contains an UMD PDU with SN = VR(UR):
-	update VR(UR) to the SN of the first UMD PDU with SN > current VR(UR) that has not been received;
-	reassemble RLC SDUs from any UMD PDUs with SN < updated VR(UR), remove RLC headers when doing so and deliver the reassembled RLC SDUs to upper layer in ascending order of the RLC SN if not delivered before;
-	if t-Reordering is running:
-	if VR(UX) <= VR(UR); or
-	if VR(UX) falls outside of the reordering window and VR(UX) is not equal to VR(UH)::
-	stop and reset t-Reordering;
-	if t-Reordering is not running (includes the case when t-Reordering is stopped due to actions above):
-	if VR(UH) > VR(UR):
-	start t-Reordering;
-	set VR(UX) to VR(UH).
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When t-Reordering expires, the receiving UM RLC entity shall:
-	update VR(UR) to the SN of the first UMD PDU with SN >= VR(UX) that has not been received;
-	reassemble RLC SDUs from any UMD PDUs with SN < updated VR(UR), remove RLC headers when doing so and deliver the reassembled RLC SDUs to upper layer in ascending order of the RLC SN if not delivered before;
-	if VR(UH) > VR(UR):
-	start t-Reordering;
-	set VR(UX) to VR(UH).




Modifications to 36.322 for UM operation with single timer based option (2-2) with window is shown below, with the resulting TP shown in Annex and the following observations observed for timer + window based solution: 
Observation 2-1: VR(UR), VR(UX) and T-reordering like variable and timer are still needed for timer based operation even if reordering is not needed anymore, e.g. with RX_Next, RX_Discard and T-discard;
Observation 2-2: Another variable needed at the receiver side for timer based operation to manage the window to ensure no reassembly of SDUs after SN wrap around and updating RX_Discard when the timer expires, i.e. the highest received SN (RX_Next_Highest_Rcvd).
Observation 2-3: same as window based operation, reordering window can be replaced with receiving window;
Observation 2-4: same as window based operation, duplication detection within the receiving window is not needed anymore.
	5.1.2	UM data transfer
5.1.2.1	Transmit operations
5.1.2.1.1	General
When delivering a new UMD PDU to lower layer, the transmitting UM RLC entity shall:
-	if the UMD PDU contains a RLC SDU segment:
-	if UMD PDU contains a first segment of a RLC SDU:
-	set the SN of the UMD PDU to TX_NextVT(US), and then increment TX_NextVT(US) by one.
-	else:
-	set the SN of the UMD PDU to the same SN as the first segment of the RLC SDU.
5.1.2.2	Receive operations
5.1.2.2.1	General
The receiving UM RLC entity shall maintain a reordering receiving window according to state variable RX_Next_Highest_rcvd VR(UH) as follows:
-	a SN falls within the receiving reordering window if (RX_Next_Highest_rcvd VR(UH) – UM_Window_Size) <= SN < RX_Next_Highest_rcvd VR(UH);
-	a SN falls outside of the receiving reordering window otherwise.
When receiving an UMD PDU from lower layer, the receiving UM RLC entity shall:
-	either remove the RLC header and deliver the RLC SDU to upper layerdiscard the received UMD PDU or place it in the reception buffer (see sub clause 5.1.2.2.2);
-	if the received UMD PDU was placed in the reception buffer:
-	update state variables, reassemble and deliver RLC SDUs to upper layer when the RLC SDU can be reassembled and start/stop t-Reordering discard as needed (see sub clause 5.1.2.2.3);
When t-Reordering discard expires, the receiving UM RLC entity shall:
-	update state variables, reassemble and deliver RLC SDUs to upper layerdiscard the related un-reassembled segments and start t-Reordering discard as needed (see sub clause 5.1.2.2.4).
5.1.2.2.2	Actions when an UMD PDU is received from lower layer
[bookmark: _GoBack]When an UMD PDU is received from lower layerWhen an UMD PDU with SN = x is received from lower layer, the receiving UM RLC entity shall:
-	if VR(UR) < x < VR(UH) and the UMD PDU with SN = x has been received before; or
-	if (VR(UH) – UM_Window_Size) <= x < VR(UR):
-	discard the received UMD PDU;
-	if the UMD PDU contains a complete RLC SDU:
-	remove the RLC header and deliver the RLC SDU to upper layer. 
-	else:
-	place the received UMD PDU in the reception buffer.
5.1.2.2.3	Actions when an UMD PDU is placed in the reception buffer
When an UMD PDU with SN = x is placed in the reception buffer, the receiving UM RLC entity shall:
-	if x falls outside of the reordering receiving window:
-	update VR(UH) RX_Next_Highest_Rcvd to x + 1;
-	reassemble RLC SDUs from discard any UMD PDUs with SN that falls outside of the reordering receiving window;
-	reassemble RLC SDUs from any UMD PDUs with SN that falls within the receiving window, remove RLC headers when doing so and deliver the reassembled RLC SDUs to upper layer in ascending order of the RLC SN if not delivered before;
-	if VR(UR)RX_Next falls outside of the reordering window:
-	set RX_Next VR(UR) to (RX_Next_Highest_Rcvd VR(UH) – UM_Window_Size);
-	if the reception buffer does not contains an UMD PDU with SN = RX_NextVR(UR):
-	update RX_Next VR(UR) to the SN of the first UMD PDU with SN > current RX_Next VR(UR) that has not been receiveddelivered to upper layer;
-	reassemble RLC SDUs from any UMD PDUs with SN < updated VR(UR), remove RLC headers when doing so and deliver the reassembled RLC SDUs to upper layer in ascending order of the RLC SN if not delivered before;
-	if t-Reordering discard is running:
-	if RX_Discard VR(UX) <= VR(UR)RX_Next; or
-	if RX_Discard VR(UX) falls outside of the reordering receiving window and RX_Discard VR(UX) is not equal to RX_HighestVR(UH)::
-	stop and reset t-Reorderingdiscard;
-	if t-Reordering discard is not running (includes the case when t-Reordering discard is stopped due to actions above):
-	if VR(UH) RX_Next_Highest_Rcvd  > VR(UR)RX_Net:
-	start t-Reorderingdiscard;
-	set VR(UX)RX_Discard to VR(UH) RX_Next_Highest_Rcvd.
5.1.2.2.4	Actions when t-Reordering discard expires
When t-Reordering discard expires, the receiving UM RLC entity shall:
-	update VR(UR)RX_Next to the SN of the first UMD PDU with SN >= VR(UX)RX_discard that has not been received;
-	reassemble RLC SDUs from any UMD PDUs with SN < updated VR(UR), remove RLC headers when doing so and deliver the reassembled RLC SDUs to upper layer in ascending order of the RLC SN if not delivered before;
-	if VR(UH) RX_Next_Highest_Rcvd > VR(UR)RX_Next:
-	start t-Reorderingdiscard;
-	set VR(UX)RX_Discard to VR(UH) RX_Next_Highest_Rcvd.



Comparing to the procedural text above, timer based operation requires more variables and much more complex procedure for variable maintenance than window based operation without much gain. It is proposed to adopt option 2-1 with window based operation for RLC UM.
Proposal 2: Agree on the TP provided in the Annex for option 2-1 with window based operation.
3	Conclusions
This contribution discussed on RLC UM operation with the following proposals proposed:
Proposal 1: use 12 bit (and even 18 bit) RLC SN as a baseline for RLC UM. Additionally, 6 bit can be considered if seen as needed for low data rate services.
Proposal 2: Agree on the TP provided in the Annex for option 2-1 with window based operation.
The following observations are given for window based operation:
Observation 1-1: VR(UR), VR(UX) and T-reordering in LTE for reordering and keeping tracking of the gaps are not needed anymore for window based operation;
 Observation 1-2: only one variable needed at the receiver side for window based operation, i.e. the highest received SN (RX_Highest).
Observation 1-3: reordering window can be replaced with receiving window;
Observation 1-4: duplication detection within the receiving window is not needed anymore.
And for timer based operation:
Observation 2-1: VR(UR), VR(UX) and T-reordering like variable and timer are still needed for timer based operation even if reordering is not needed anymore, e.g. RX_Next, RX_Discard and T-discard;
Observation 2-2: Another variable needed at the receiver side for timer based operation to manage the window to ensure no reassembly of SDUs after SN wrap around, i.e. the highest received SN (RX_Highest).
Observation 2-3: same as window based operation, reordering window can be replaced with receiving window;
Observation 2-4: same as window based operation, duplication detection within the receiving window is not needed anymore.
 Annex Text proposal to TS 38.322
TP for option 2-1 with window based operation:
	5.1.2	UM data transfer
5.1.2.1	Transmit operations
5.1.2.1.1	General
When delivering a new UMD PDU to lower layer, the transmitting UM RLC entity shall:
-	if the UMD PDU contains a RLC SDU segment:
-	if the UMD PDU contains a first segment of a RLC SDU:
-	set the SN of the UMD PDU to TX_Next, and then increment TX_Next by one.
-	else:
-	set the SN of the UMD PDU to the same SN as the first segment of the RLC SDU.
5.1.2.2	Receive operations
5.1.2.2.1	General
The receiving UM RLC entity shall maintain a receiving window according to state variable RX_Next_Highest_Rcvd as follows:
-	a SN falls within the receiving window if (RX_Next_Highest_Rcvd – UM_Window_Size) <= SN < RX_Next_Highest_Rcvd
-	a SN falls outside of the receiving window otherwise.
When receiving an UMD PDU from lower layer, the receiving UM RLC entity shall:
-	either remove the RLC header and deliver the RLC SDU to upper layer or place it in the reception buffer (see sub clause 5.1.2.2.2);
-	if the received UMD PDU was placed in the reception buffer:
-	update state variables, reassemble and deliver RLC SDUs to upper layer when the RLC SDU can be reassembled;
5.1.2.2.2	Actions when an UMD PDU is received from lower layer
When an UMD PDU is received from lower layer, the receiving UM RLC entity shall:
-	if the UMD PDU contains a complete RLC SDU:
-	remove the RLC header and deliver the RLC SDU to upper layer. 
-	else:
-	place the received UMD PDU in the reception buffer.
5.1.2.2.3	Actions when an UMD PDU is placed in the reception buffer
When an UMD PDU with SN = x is placed in the reception buffer, the receiving UM RLC entity shall:
-	if x falls outside of the receiving window:
-	update RX_Next_Highest_Rcvd to x + 1;
-	discard any UMD PDUs with SN that falls outside of the receiving window;
-	reassemble RLC SDUs from any UMD PDUs with SN that falls within the receiving window, remove RLC headers when doing so and deliver the reassembled RLC SDUs to upper layer.



TP for option 2-2.1 with timer + window:
	5.1.2	UM data transfer
5.1.2.1	Transmit operations
5.1.2.1.1	General
When delivering a new UMD PDU to lower layer, the transmitting UM RLC entity shall:
-	if the UMD PDU contains a RLC SDU segment:
-	if UMD PDU contains a first segment of a RLC SDU:
-	set the SN of the UMD PDU to TX_Next, and then increment TX_Next by one.
-	else:
-	set the SN of the UMD PDU to the same SN as the first segment of the RLC SDU.
5.1.2.2	Receive operations
5.1.2.2.1	General
The receiving UM RLC entity shall maintain a receiving window according to state variable RX_Next_Highest_rcvd as follows:
-	a SN falls within the receiving window if (RX_Next_Highest_rcvd – UM_Window_Size) <= SN < RX_Next_Highest_rcvd;
-	a SN falls outside of the receiving window otherwise.
When receiving an UMD PDU from lower layer, the receiving UM RLC entity shall:
-	either remove the RLC header and deliver the RLC SDU to upper layer or place it in the reception buffer (see sub clause 5.1.2.2.2);
-	if the received UMD PDU was placed in the reception buffer:
-	update state variables, reassemble and deliver RLC SDUs to upper layer when the RLC SDU can be reassembled and start/stop t-discard as needed (see sub clause 5.1.2.2.3);
When t-discard expires, the receiving UM RLC entity shall:
-	update state variables, discard the related un-reassembled segments and start t-discard as needed (see sub clause 5.1.2.2.4).
5.1.2.2.2	Actions when an UMD PDU is received from lower layer
When an UMD PDU is received from lower layer, the receiving UM RLC entity shall:
-	if the UMD PDU contains a complete RLC SDU:
-	remove the RLC header and deliver the RLC SDU to upper layer. 
-	else:
-	place the received UMD PDU in the reception buffer.
5.1.2.2.3	Actions when an UMD PDU is placed in the reception buffer
When an UMD PDU with SN = x is placed in the reception buffer, the receiving UM RLC entity shall:
-	if x falls outside of the receiving window:
-	update  RX_Next_Highest_Rcvd to x + 1;
-	discard any UMD PDUs with SN that falls outside of the receiving window;
-	reassemble RLC SDUs from any UMD PDUs with SN that falls within the receiving window, remove RLC headers when doing so and deliver the reassembled RLC SDUs to upper layer;
-	if RX_Next falls outside of the reordering window:
-	set RX_Next to (RX_Next_Highest_Rcvd – UM_Window_Size);
-	if the reception buffer does not contain an UMD PDU with SN = RX_Next:
-	update RX_Next to the SN of the first UMD PDU with SN > current RX_Next that has not been delivered to upper layer;
-	if t-discard is running:
-	if RX_Discard <= RX_Next; or
-	if RX_Discard falls outside of the receiving window and RX_Discard is not equal to RX_Highest:
-	stop and reset t-discard;
-	if t-discard is not running (includes the case when t-discard is stopped due to actions above):
-	if  RX_Next_Highest_Rcvd >RX_Net:
-	start t-discard;
-	set RX_Discard to  RX_Next_Highest_Rcvd.
5.1.2.2.4	Actions when t-discard expires
When t-discard expires, the receiving UM RLC entity shall:
-	update RX_Next to the SN of the first UMD PDU with SN >= RX_discard that has not been received;
-	if  RX_Next_Highest_Rcvd > RX_Next:
-	start t-discard;
-	set RX_Discard to  RX_Next_Highest_Rcvd.



