3GPP TSG-RAN WG2 #99
R2-1707731
Berlin, Germany, 21th - 25th August 2017                                            Update of R2-1706481
Agenda item:
10.3.2.3
Source: 
Huawei, HiSilicon

Title: 
RLC UM operation in NR
Document for:
Discussion
1   Introduction
In RAN2 previous meetings, the following agreements regarding to RLC UM mode are achieved [1][2]:

	97bis Agreements:
1 RLC AM/UM receiver does not store complete RLC SDUs, just RLC SDUs segments
2 If a segment is detected to be missing, then all stored segments associated to the RLC SDU can be discarded.  FFS how a missing segment is detected if a timer mechanism is used (e.g T-reassembly).
3 Duplicate detection functionality is kept as a baseline. FFS if duplicate detection can be removed.  

4 RLC UM receive window operation is maintained similar to LTE.  If duplicate detection is removed from RLC UM then the need for the window will depend on the mechanism use to discard.  

5 FFS if NR RLC UMD SDU should not include SN field and only NR RLC UMD SDU segment should carry SN field

	98 Agreements:

=>
Duplicate detection in RLC UM is not necessary

	AH#2 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.  


In this contribution, we will discuss the pending issues of RLC UM operation in NR.
2   Discussion
In LTE，the receiving operation for UM RLC is based on window and T-reordering timer. When receiving RLC PDU with SN higher than the upper window range or the T-reordering timer expires, the window will move forward.
In NR, it was agreed no RLC header is added when the RLC UMD SDU is not segmented and SI field in RLC UM header is used to differentiate complete RLC SDU, the first SDU segment, the middle SDU segment, and the last SDU segment. In this case the UM RLC entity in the receiving side will deal with segmented and non-segmented PDU in different ways based on the SI field in the header.

For non-segmented PDUs, as NR RLC no longer needs in-sequence delivery, the RLC will directly deliver them to PDCP once received. This means no window mechanism and no timer is needed for non-segmented PDUs. 

For segmented PDUs, they have to wait until they are successfully reassembled before they can be delivered to PDCP. 
In case one segment is not reassembled successfully for a long time, discarding mechanism is required to avoid the segments occupying the buffer for too long time. The discarding mechanism can be based on window and/or timer(s). Therefore the following options can be considered:
Option 1: Window based mechanism with/without timer
The receiving UM RLC entity maintains a reassembly window for all the received segments. If there is no timer, similar to LTE procedure, the window is pulled by newly arrival RLC PDUs with segments. When the window moves forward, the segments that falls out of the window will be discarded. This is illustrated in Figure 1. 
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Figure 1: Window based mechanism (without timer)
However, as only segments can pull the window, when the number of segments is small, the window may move very slowly. One way to optimize this is to define a timer to help move the window forward, e.g. when the timer expires the window moves forward. Anyway, the receiving side will have to maintain a series of variables to keep the window mechanism work.
Option 2: Multiple timer based mechanism
This approach is relatively simple in principle. Similar to the PDCP discard mechanism, the receiving UM RLC entity maintains one discard timer for each SN. If several segments have the same SN, then they share one discard timer. If the discard timer expires and the segments are still not reassembled successfully, then all the segments corresponding to the discard timer will be discarded. For this option, the receiving side will have to maintain multiple timers independently which takes much computational resource. 
Option 3: One timer based mechanism
Different from Option 2, Option 3 can be based on one timer to keep the receiving operation work. In this option, the receiving UM RLC entity maintains only one timer which is associated with the latest received segment (assuming the segments are placed in the reception buffer in the receiving order). There are mainly two operations related to this timer:

· When the timer expires, all the segments received before and including this segment are discarded. Besides, all the segments sharing the same SNs with the discarded segments are also discarded. Then the timer is restarted on the latest segment. 
· When the timer is running, if all the segments received before and including this segment are reassembled successfully and delivered to the upper layer, then the timer is stop and restart on the latest received segment.

This mechanism is illustrated in Figure 2. For instance, the receive side put the segments in receiving order and the current timer is on segment with SN=4. When the timer expires, all the segments received before this segment and segments with SN=4 will be discarded. All the segments sharing the same SNs with the discarded segments will also be discarded. Then the remaining segments keep in receiving order and the timer restarts on the latest received segment with SN=8. On the other hand, when the timer is running, only when segments 1-4 have all been successfully reassembled, can the timer be stopped an restarted on segment 8.  
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Figure 2: One timer based mechanism
As one timer based mechanism is simpler than window based mechanism and consumes less computational resource than multiple timer based mechanism. We slightly prefer Option 3 and thus propose:
Proposal 1: Use one timer based mechanism to perform UM operation in the receiving side.
Besides, during the email discussion, it was discussed whether one timer based mechanism requires a window to work. Based on the illustration in Option 3, one timer based mechanism can work well without a window. That is no need to maintain any window variable. Therefore we propose:
Proposal 2: No window is needed in one timer based solution.
3   Conclusion
By discussing overhead reduction for RLC UM transmission, we have the following observation:

Proposal 1: Use one timer based mechanism to perform UM operation in the receiving side.

Proposal 2: No window is needed in one timer based solution.

The corresponding text proposal is provided below.
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5   Text Proposal
——————————————————————START————————————————————
5.1.2
UM data transfer

5.1.2.1
Transmit operations

5.1.2.1.1
General

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

-
set the SN of the UMD PDU to TX_Next, and then increment TX_Next by one.

5.1.2.2
Receive operations

5.1.2.2.1
General

When receiving an UMD PDU from lower layer, the receiving UM RLC entity shall:

-
either place it in the reception buffer in receiving order or deliver it to upper layer (see sub clause 5.1.2.2.2);

-
if the received UMD PDU was placed in the reception buffer in receiving order:

-
stop/start/restart t-Reassembly as needed (see sub clause 5.1.2.2.3);

When t-Reassembly expires, the receiving UM RLC entity shall:

-
discard the UMD PDUs as needed and restart t-Reordering 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 segment of a RLC SDU: 
-
place the received UMD PDU in the reception buffer in receiving order;
-
else:

-
deliver the received UMD PDU to upper layer.

5.1.2.2.3
Actions when an UMD PDU is placed in the reception buffer

When an UMD PDU is placed in the reception buffer in receiving order, the receiving UM RLC entity shall:

-
if t-Reassembly is not running:
-
start t-Reassembly associated with this UMD PDU;
-
if t-Reordering is running:

-
if UMD PDUs containing all segments of a RLC SDU have been placed in the reception buffer:
-
reassemble the RLC SDU from the UMD PDUs, remove RLC headers when doing so and deliver the reassembled RLC SDU to upper layer;
-
if the SDUs of all the UMD PDUs received before and including the UMD PDU associated with t-Reassembly have been successfully delivered to upper layer;
-
stop and restart t-Reassembly on the latest UMD PDU placed in the reception buffer;
5.1.2.2.4
Actions when t-Reassembly expires

When t-Reassembly expires, the receiving UM RLC entity shall:

-
discard the UMD PDU which t-Reassembly is associated with, and the UMD PDUs received before this UMD PDU, and the UMD PDUs sharing the same SNs with the discarded UMD PDUs;

-
restart t-Reassembly on the latest UMD PDU placed in the reception buffer;
——————————————————————END————————————————————
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