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1   Introduction
In RAN2#97bis and 98 meeting, the following agreements regarding to RLC UM mode are achieved [1]:

	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


In this contribution, we will discuss the pending issues of RLC UM operation in NR.
2   Discussion
2.1 Removing RLC SN for non-segmented UMD PDU
In LTE, for UM mode, the purpose of SN field is for reordering, segment re-assembling and duplication detection. In NR, the reordering function has been moved to PDCP layer. And according to [1], the duplication detection for RLC UM is agreed to be removed. In this case, the SN is only useful when performing segment re-assembling. 
Considering that RLC UM is usually used for service such as VoIP which generates small packets, e.g. 40 bytes, RLC SN (e.g. 2 bytes) can be considered as a significant overhead. Besides, NR supports traffic in greater rates and RLC no longer performs concatenation. Removing SN field will bring impressive overhead reduction. 
Observation: Not having RLC SN for non-segmented RLC UMD SDUs can significantly reduce the overhead.
Proposal 1: RLC SN is not added for RLC UM PDUs without RLC SDU segment.
Once RLC SN is not added to non-segmented RLC UMD SDUs. indication is needed to inform the receiving side whether the PDU contains RLC SN or not. There are two options to be considered:

Option 1: Reuse the FI-like field to indicate the presence of RLC SN.

This option is straightforward to think of. But the FI-like field will anyway need one byte in the RLC header even SN is absent.

Option 2: Use one bit in MAC header to indicate the presence of RLC header.
In LTE, the UMD PDU header contains FI field, E field, LI field and SN field. In NR, the E field and LI field are not needed as concatenation is moved to MAC. If SN field is also omitted for complete UMD PDU, the FI field is the only field in the header for non-segmented UMD PDU which will add one byte overhead to the RLC PDU. Therefore it is beneficial to remove FI field also to further reduce the overhead. In other words, if the RLC UMD SDU is not segmented, no RLC header will be added. In this case, one bit in MAC header can be used to indicate whether the RLC header is present in the RLC PDU or not. This requires inter-layer coordination between MAC and RLC. However, 1 bit in MAC subheader can save 1 byte in RLC and for those VoIP packets with 40 byte payload, 1 byte is big overhead. Therefore, we think the gain overcomes the pain in this option.
Proposal 2: RAN2 is requested to compare the two options:

· reusing the FI-like field to indicate the presence of RLC SN; or
· using one bit in the MAC sub-header to indicate the presence of RLC header.
2.2 The impact on UM operation in the receiving side 
If no RLC header is added when the RLC UMD SDU is not segmented, the UM RLC entity in the receiving side will deal with segmented and non-segmented PDU in different ways.

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 or timer(s). Therefore the following options can be considered:
Option 1: Window based mechanism with or without timer
The receiving UM RLC entity maintains a reassembly window for all the received segments. 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
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.
Option 2: Multiple timer based mechanism
This approach is relatively simple. 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.    
Option 3: One timer based mechanism
The receiving UM RLC entity maintains only one discard timer which is associated to the latest received segment. If the timer expires, all the segments received before this segment are discarded. And the timer is restarted on the latest segment. This mechanism is illustrated in Figure 2.
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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 3: Use one timer based mechanism to perform UM operation in the receiving side.
3   Conclusion
By discussing overhead reduction for RLC UM transmission, we have the following observation:

Observation: Not having RLC SN for non-segmented RLC UMD SDUs can significantly reduce the overhead.
Proposal 1: RLC SN is not added for RLC UM PDUs without RLC SDU segment.
Proposal 2: RAN2 is requested to compare the two options:

· reusing the FI-like field to indicate the presence of RLC SN; or
· using one bit in the MAC sub-header to indicate the presence of RLC header.
Proposal 3: Use one timer based mechanism to perform UM operation in the receiving side.
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