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1. Introduction
During RAN2#97bis meeting, RLC UM operation was discussed and the following agreements were reached:

Agreements:

=>
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). 

Agreements:

=>
Duplicate detection functionality is kept as a baseline. FFS if duplicate detection can be removed.  

=>
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.  

In this contribution, we give our view on these topics.

2. Discussion

2.1. SN for RLC-UM

It is proposed by some companies to remove SN for complete RLC UM PDUs, since it is no longer needed. The SN would be present only in RLC UM PDU segments. 

This has the following drawbacks:

· It prevents maintaining a RLC UM window operation, i.e. prevents duplicate detection, HARQ failure detection (needed to expedite in-order delivery, described in next section), and discarding stored segments.

· A new mechanism would be needed to discard stored segments.

The benefit would be overhead reduction. However, we do not see a strong need for such overhead reduction. For VoLTE, there is already PDCP SN+RLC SN in LTE, and this has never been considered as too much overhead. As a matter of fact, optimizations such as single SN were already studied and rejected when designing LTE. For more broadband use cases, the overhead of 2 bytes can be neglected.

Observation 1: Removing SN for complete RLC UM PDUs provide no real benefit but prevents receive window operation, and implies new mechanism to discard RLC UM PDU segments

2.2. T-reordering need
In various companies’ contributions, it was pointed out that the main role of T-reordering timer in LTE RLC UM is to expedite UMD PDU in-order delivery to upper layers. It is started whenever a gap in the RLC SN sequence is noticed, and its expiry indicates that there is no need to wait for the missing RLC PDUs.
Impact of removing T-reordering

In NR, RLC will deliver complete PDCP PDUs to PDCP as soon as they are reassembled, i.e. “in-order delivery” between RLC and PDCP is no longer enforced. Hence, T-reordering is no longer needed for that purpose, and several companies propose to remove it from RLC UM. 
However, the in-order delivery functionality has to be considered from a larger point of view. Assuming we configure a DRB with RLC-UM + in-order-delivery to application layer (as it is possible today in LTE), it would be now up to PDCP to expedite in-order delivery to upper layers.

Removing RLC T-reordering means removing the possibility to quickly detect HARQ failures on the link in order to expedite in-order delivery.

In single connectivity, it would be equivalent to have the reordering timer in PDCP the rather than in RLC only if there are no additional PDCP SN gaps created at the transmitter. As soon as there are such additional gaps (for instance due to SDU discard or AQM), reordering delay is added at PDCP unless RLC provides this additional information.

In dual connectivity, the reordering timer in PDCP would need to be set to a conservative value covering backhaul delay and HARQ reordering. From our analysis in [2], a single HARQ failure one leg can lead to hundreds of PDCP SN gaps, resulting in several seconds reordering delay at application level. 
Observation 2: Removing RLC T-reordering means removing the possibility to quickly detect HARQ failures, which can lead to several seconds of reordering delay for a single HARQ failure
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Figure 1 – Without RLC T-reordering
Benefit of keeping T-reordering (with associated window operation hence RLC SN)
Keeping RLC T-reordering means keeping the possibility to quickly detect HARQ failures on the link in order to expedite in-order delivery (to application layer) (as agreed already, RLC does not perform IOD to PDCP, it sends complete PDCP PDUs as soon as they are extracted/reassembled).
Practically, it enables to maintain VR(UR), which can be used to provide an assistance information VR(RL) to PDCP to expedite the reordering in PDCP, as explained in our contribution [2]. 
This information provides benefit as it enables PDCP to know whether to wait for missing PDUs from one of its legs or not. It also allows for different settings of reordering timer per leg (for instance if the HARQ settings are different). It would be consistent with the fact this t-Reordering is related to HARQ for that specific leg. It would also be consistent with RLC AM, for which t-Reordering (covering HARQ) is anyway needed for the purpose of triggering ARQ.
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Figure 2 - With RLC T-reordering

In addition, keeping T-reordering means keeping RLC UM SN and window operation. The discarding of RLC UM segments can be performed exactly as in LTE.
Hence we have the following proposal:
Proposal 1: Keep T-reordering timer and RLC UM receive window operation (including SN in RLC UM PDUs)
3. Conclusion 
In this contribution, we have discussed the RLC UM operation for NR, and made the following observations and proposals: 
Observation 1: Removing SN for complete RLC UM PDUs provide no real benefit but prevents receive window operation, and implies new mechanism to discard RLC UM PDU segments
Observation 2: Removing RLC T-reordering means removing the possibility to quickly detect HARQ failures, which can lead to several seconds of reordering delay for a single HARQ failure
Proposal 1: Keep T-reordering timer and RLC UM receive window operation (including SN in RLC UM PDUs)
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