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1. Introduction
During NR study item, the overall L2 protocol architecture was agreed and captured in the technical report [1]. The NR L2 uses LTE L2 as a baseline, and consists of MAC, RLC and PDCP sub-layers, as well as a new AS sublayer on top of PDCP for connection to the NGC (support of new QoS framework). 
Regarding RLC, 2 main changes were decided compared to LTE:

· Out-of-order delivery of complete PDCP PDUs after RLC SDU reassembly (PDCP reordering is always enabled if in order delivery to layers above PDCP is required)
· No support of concatenation of RLC SDUs, i.e. a RLC PDU basically contains 1 RLC SDU (or segment of 1 RLC SDU).

Moreover, the technical report captured the following:

· It is FFS whether RLC UM needs to support T-reordering like functionality for the purposes moving the lower edge of the receive window, or for other purposes, which could be discussed in the stage-3 work.

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

For reference, LTE, RLC UM operation is described in Annex A.
2.1. OOD of RLC SDUs to PDCP
In LTE, while waiting for HARQ, RLC UM PDUs are stored in RLC reception buffer. RLC UM provides in-order delivery (IOD) to PDCP.

For NR, it is expected that there will be 2 types of RLC data PDUs:
· Complete RLC PDU (header + full RLC SDU)
· RLC PDU segment (header + RLC SDU segment)
We think that RLC specification should specify out-of-order delivery to PDCP (not just allow it). This would enable consistent implementations, allowing low latency and would enable support of bearers not supporting in-sequence delivery.

Hence, the RLC UM receiver shall not store complete RLC PDUs. Such PDUs should either be directly handled (RLC SDU extracted and sent to PDCP) or discarded. RLC UM receiver may only store RLC PDU segments, while waiting for missing segments to complete the whole RLC PDU.

Proposal 1: To implement OOD to PDCP, RLC UM receiver does not store complete RLC PDU, just RLC PDU segments
2.2. T-reordering need
It is currently FFS whether to keep a T-reordering like functionality in RLC UM. 
In an earlier contribution [3], this issue was discussed and it was pointed out that the role of T-reordering timer in LTE RLC UM is to mainly expedite UMD PDU in-sequence delivery (to upper layers). Actually, the term “in-order delivery” could be more correct here since when the timer is useful, i.e. when it expires, it means there are gaps in the sequence. 
We see several reasons to keep a t-Reordering functionality in RLC UM.
Assistance information to PDCP

Most importantly, this 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].

In single connectivity, it would be equivalent to have the reordering timer in PDCP 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 or multiple connectivity, even without considering such PDCP gaps created at the transmitter, this information provides immediate 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.

Discard window
It enables to maintain a “discard window” as in existing LTE implementation (see Annex A). For instance, if a RLC PDU segment is stored but not completed before T-reordering timer expiry, it could be discarded (just as in LTE implementation). It would be eventually discarded by the pulling of the window, but this leads to an increase risk to perform erroneous recombination the stored PDU segments with other future transmissions.
Other

It would be consistent with RLC AM, for which t-Reordering (covering HARQ) is anyway needed for the purpose of triggering ARQ.
Proposal 2: T-reordering timer in RLC UM is kept

2.3. Multiple T-reordering timer instances
As described in our contribution [2], using a single timer instance can lead to increase reordering delay. 
Whenever new gaps in the sequence are created, the corresponding missing PDUs should not be waited for during more than T-reordering delay before updating VR(UR), which is not the case with the legacy algorithm.
This can be easily specified by considering starting a new T-reordering timer whenever a gap is created (when receiving highest SN PDUs). In practical implementation, only one single reordering timer is needed, since it is enough to store a timestamp for each newly created gap. When the timer needs to be restarted, the duration can just be set as T-reordering delay - (current timestamp - gap timestamp), which ensure that the missing PDUs are just waited for as long as it is required, with no extra (just as it is commonly implemented for the existing PDCP per-SDU timer discard).

Proposal 3: Multiple instances of T-reordering timer are used

2.4. SN for RLC-UM

In [4], it is indicated that following agreements captured in [1], the only purpose of an SN for RLC UM is to support segmentation. It is then proposed to include SN only in RLC PDU segments, which can provide overhead reduction. In our understanding, this means also that we would no longer have pull window operation. In particular, stored RLC PDU segments can no longer be discarded when the window is pull forward. Unless a new mechanism is used (e.g. by still sending some PDUs with SN just to ensure moving forward the reception window), it seems this would require keeping a reordering timer.
3. Conclusion 
In this contribution, we have discussed the RLC UM operation for NR, and made the following proposals: 
Proposal 1: To implement OOD to PDCP, RLC UM receiver does not store complete RLC PDU, just RLC PDU segments
Proposal 2: T-reordering timer in RLC UM is kept
Proposal 3: Multiple instances of T-reordering timer are used
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Annex A – LTE RLC UM window operation
In LTE, RLC UM receiving window operation is based on the following variables:

a) VR(UR) – UM receive state variable

This state variable holds the value of the SN of the earliest UMD PDU that is still considered for reordering. It is initially set to 0.

b) VR(UX) – UM t-Reordering state variable

This state variable holds the value of the SN following the SN of the UMD PDU which triggered t-Reordering.

c) VR(UH) – UM highest received state variable

This state variable holds the value of the SN following the SN of the UMD PDU with the highest SN among received UMD PDUs, and it serves as the higher edge of the reordering window. It is initially set to 0.

The following timer is used:
b) t-Reordering
This timer is used by the receiving side of an AM RLC entity and receiving UM RLC entity in order to detect loss of RLC PDUs at lower layer (see sub clauses 5.1.2.2 and 5.1.3.2). If t-Reordering is running, t-Reordering shall not be started additionally, i.e. only one t-Reordering per RLC entity is running at a given time.

These variables define the following windows, represented in .

· Reordering window: [VR(UH) – UM_Window_Size, VR(UH) [ (so called “pull window”)

· Discard window: [VR(UH) – UM_Window_Size, VR(UR) [ 
It is not explicitly named in the specification, but it is used here for convenience in the description.

The overall procedure is as follows:

· Initial state is VR(UR) = VR(UH) = 0. 

· If a PDU N is received 
· In the reordering window:

· If in the discard window, or already stored: discarded; Else: stored
· Outside of the reordering window: stored, and reordering window pulled
· VR(UH) = N+1 

· If VR(UR) falls outside of the reordering window: VR(UR) = VR(UH) – UM_Window_Size
· Update VR(UR) to the first missing PDU with SN >= VR(UR) 

· If T-reordering is running

· If VR(UX) <= VR(UR) (i.e. PDUs which were waited for are received)

· The timer is stopped and reset 

· If T-reordering is not running (including when stopped above)

· If VR(UR) < VR(UH), the timer t-Reordering is started, and VR(UX) is set to VR(UH).
· If t-Reordering expires

· VR(UR) is updated to the next missing PDU with SN >= VR(UX), i.e. missing PDUs before VR(UX) are no longer waited for (from HARQ retransmissions)

· If VR(UR) < VR(UH), the timer t-Reordering is started, and VR(UX) is set to VR(UH).

· Whenever VR(UR) is updated

· Deliver stored PDUs that fall below VR(UR)
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