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1 Introduction

In the last meetings, RAN2 made the following agreements for NR RLC UM: 
RAN2#98

Agreements:

=>
Duplicate detection in RLC UM is not necessary 

RAN2 NR AH2

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.  

The progress on RLC header format related issues have been made but the RLC UM receive operation has not been determined yet. Two options are on the table, i.e. window based operation and timer based operation. In our another paper [1], we describe the reason why to prefer window operation without a timer. In this contribution, we provide a text proposal for RLC UM transmit/receive operation. 
2 Discussion
In NR RLC UM, RLC SN is present only for UMD PDU containing RLC SDU segment, i.e. no RLC SN for UMD PDU containing complete RLC SDU. In addition to this, NR RLC UM doesn’t provide a duplicate detection functionality, which would be handled by PDCP layer. In the last meetings, two options have been discussed to handle the reassembly of UMD PDUs containing RLC SDU segment, i.e. window based operation and timer based operation. As described in our another contribution [1], the timer triggering point of the timer based operation would be ambiguous to be defined and thus we prefer the window based operation without a timer. In this contribution, we provide the detailed procedure thereof.
The remainder of this paper is organized as follows. We can first revisit LTE RLC UM state variables and propose NR RLC UM state variables, secondly describe NR RLC UM transmit operation, thirdly NR RLC UM receive operation, and finally provide a full text proposal for RLC UM transmit/receive operation in Annex A.

2.1  State variables
In LTE, the state variables for RLC UM window operation are defined as in Table 1:
	
	Description
	Note

	VR(UR)
	The value of the SN of the earliest UMD PDU that is still considered for reordering.
	Timer related variable.

	VR(UX)
	The value of the SN following the SN of the UMD PDU which triggered t-Reordering.
	Timer related variable.

	VR(UH)
	The value of the SN following the SN of  UMD PDU with the highest SN among received UMD PDUs.
	Considered as the higher edge of the receive window.

	VT(US)
	The value of the SN to be assigned for the next newly generated UMD PDU.
	Variable for SN assignment


Table 1. LTE RLC UM window state variables
As mentioned in the above and in [1], we propose not to use the reordering timer for NR RLC UM and thus the state variables VR(UR) and VR(UX) are not required anymore.

Proposal 1. VR(UR)-like and VR(UX)-like state variables are not used for NR RLC UM.

To manage RLC UM receive window, the VR(UH)-like state variable would be needed and work as the higher edge of RLC UM receive window. This VR(UH)-like state variable could be renamed as RX_Next_Segment. Note that the UMD PDU containing complete RLC SDU will have no RLC SN and the UMD PDU containing segment will have RLC SN, i.e. the only UMD PDU containing segment can pull the receive window forward. Therefore, RX_Next_Segment would be update to the value of the SN following the SN of UMD PDU with the highest SN among received UMD PDUs containing segment.
To assign SN to UMD PDU at the transmitting UM RLC entity, VT(US)-like state variable would be needed. This VT(US)-like state variable could be renamed as TX_Next_Segment. This variable holds the value of the SN to be assigned for a UMD PDU containing a segment of the next RLC SDU. We propose to use these two variables for RLC UM window operation.

Proposal 2. RX_Next_Segment holds the value of the SN following the SN of UMD PDU with the highest SN among received UMD PDUs containing segment.

Proposal 3. TX_Next_Segment holds the value of the SN to be assigned for a UMD PDU containing a segment of the next RLC SDU.
2.2  RLC UM transmit operation

The NR RLC UM transmit operation should reflect the following two points:
1. The RLC SN is assigned only to a UMD PDU containing RLC SDU segment.

2. The same RLC SN is assigned to a UMD PDU containing RLC SDU segment which belong to the same RLC SDU.

Considering the above two, TX_Next_Segment shall be updated by a RLC SDU segment, which can be either the first segment or the last segment of a RLC SDU. Actually, it doesn’t matter whether to update it by either of them. Here we propose to update it by the first segment of a RLC SDU.
Proposal 4. TX_Next_Segment is used to assign a SN to UMD PDUs containing segment. 

Proposal 5. TX_Next_Segment is incremented by one when a SN is assigned to a UMD PDU containing the first segment of a RLC SDU.
The NR RLC UM transmit operation can be specified as in Table 2:
	5.1.2
UM data transfer

5.1.2.1
Transmit operations

5.1.2.1.1
General

When delivering an UMD PDU that contains a segment of a RLC SDU, to lower layer, the transmitting side of an UM RLC entity shall:

-
if the UMD PDU contains the first segment, associate a SN with the RLC SDU equal to TX_Next_Segment and increment TX_Next_Segment by one;

-
set the SN of the UMD PDU to the SN of the corresponding RLC SDU.


Table 2. NR RLC UM transmit operation.
2.3  RLC UM receive operation


Before going to the details of NR RLC UM receive operation, let us first revisit the LTE RLC UM receive operation and check what should be specified in NR RLC UM receive operation as in Table 3: 
	Section
	What is specified in LTE RLC UM
	What should be specified in NR RLC UM

	5.1.2.2.1

General

Description
	· Definition on reordering window .

· General description on UMD PDU reception

· General description on t-Reordering handling
	· Definition on receive window

· General description on UMD PDU reception

· t-Reordering related part is not needed.

	5.1.2.2.2

UMD PDU

reception
	· Duplicate detection

· To place the received  UMD PDU in the reception buffer
	No need for this section

· No need for duplicate detection

· General description can cover this section.

	5.1.2.2.3

Receive

operation
	· VR(UH), VR(UR), VR(UX) update

· Delivery to the upper layer

· t-Reordering handling
	· RX_Next_Segment update

· Delivery to the upper layer

	5.1.2.2.4

Expiry of t-Reordering
	· VR(UR), VR(UX) update

· Delivery to the upper layer

· t-Reordering handling
	No need for this section 

· t-Reordering related part is not needed.


Table 3. LTE RLC UM receive operation.
As shown in Table 3, the NR RLC UM can be simplified because a timer like t-Reordering is not used and duplicate detection don’t have to be specified, i.e. 5.1.2.2.2 and 5.1.2.2.4 in LTE RLC UM would not be specified for NR. Based on these, 5.1.2.2.1 and 5.1.2.2.3 for NR RLC UM can be specified as in Table 4 and Table 5:
	5.1.2.2.1
General

The receiving UM RLC entity shall maintain a reordering window according to state variable RX_Next_Segment as follows:

-
a SN falls within the reordering window if (RX_Next_Segment – UM_Window_Size) <= SN < RX_Next_Segment;

-
a SN falls outside of the reordering window otherwise.

When receiving an UMD PDU that contains a complete RLC SDU, from lower layer, the receiving UM RLC entity shall:

-
deliver RLC SDU to the upper layer after removing UMD PDU header 
When receiving an UMD PDU that contains a segment of a RLC SDU, from lower layer, the receiving UM RLC entity shall:

-
place the received UMD PDU in the reception buffer:

-
update state variables, reassemble and deliver RLC SDUs to upper (see sub clause 5.1.2.2.3);


Table 4. 5.1.2.2.1 General description
	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 window:

-
update RX_Next_Segment to x + 1;
-
discard any UMD PDUs that falls outside of the reordering window;
-
reassemble RLC SDUs from any UMD PDUs, remove UMD PDU header when doing so and deliver the reassembled RLC SDUs to upper layer in ascending order of the RLC SN.


Table 5. 5.1.2.2.3 RLC UM receive operation 

In the above contents, we described NR RLC UM transmit/receive operation. Finally, the whole text proposal is provided in Annex A. 
Proposal 6. RAN2 agree to adopt NR RLC UM transmit/receive operation as in Table 2, 4, and 5.
3 Conclusion

In this contribution, we provide our view on NR RLC UM transmit/receive operation and ask RAN2 to discuss the following proposal:
Proposal 1. VR(UR)-like and VR(UX)-like state variables are not used for NR RLC UM.
Proposal 2. RX_Next_Segment holds the value of the SN following the SN of UMD PDU with the highest SN among received UMD PDUs containing segment.

Proposal 3. TX_Next_Segment holds the value of the SN to be assigned for a UMD PDU containing a segment of the next RLC SDU.
Proposal 4. TX_Next_Segment is used to assign a SN to UMD PDUs containing segment. 

Proposal 5. TX_Next_Segment is incremented by one when a SN is assigned to a UMD PDU containing the first segment of a RLC SDU.
Proposal 6. RAN2 agree to adopt NR RLC UM transmit/receive operation as in Table 2, 4, and 5.
Annex A: Text proposal
5.1.2
UM data transfer

5.1.2.1
Transmit operations

5.1.2.1.1
General

When delivering an UMD PDU that contains a segment of a RLC SDU, to lower layer, the transmitting side of an UM RLC entity shall:

-
if the UMD PDU contains the first segment, associate a SN with the RLC SDU equal to TX_Next_Segment and increment TX_Next_Segment by one;

-
set the SN of the UMD PDU to the SN of the corresponding RLC SDU.
5.1.2.2
Receive operations

5.1.2.2.1
General

The receiving UM RLC entity shall maintain a reordering window according to state variable RX_Next_Segment as follows:

-
a SN falls within the reordering window if (RX_Next_Segment – UM_Window_Size) <= SN < RX_Next_Segment;

-
a SN falls outside of the reordering window otherwise.

When receiving an UMD PDU that contains a complete RLC SDU, from lower layer, the receiving UM RLC entity shall:

-
deliver RLC SDU to the upper layer after removing UMD PDU header 
When receiving an UMD PDU that contains a segment of a RLC SDU, from lower layer, the receiving UM RLC entity shall:

-
place the received UMD PDU in the reception buffer:

-
update state variables, reassemble and deliver RLC SDUs to upper (see sub clause 5.1.2.2.3);
5.1.2.1.2
Void
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 window:

-
update RX_Next_Segment to x + 1;
-
discard any UMD PDUs that falls outside of the reordering window;
-
reassemble RLC SDUs from any UMD PDUs, remove UMD PDU header when doing so and deliver the reassembled RLC SDUs to upper layer in ascending order of the RLC SN.
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