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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:

· RLC AM supports T-reordering like functionality for the purposes of determining the content of the RLC status report.

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

For reference, LTE RLC AM operation is summarized in Annex A.

2.1. OOD of RLC SDUs to PDCP
In LTE, while waiting for HARQ or ARQ retransmissions, RLC PDUs are stored in RLC reception buffer. RLC AM provides in-sequence delivery (ISD) 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 and allow low latency and would enable support of bearers not supporting in-sequence delivery.

This can be achieved as follows:

· A RLC receive window is maintained, based on VR(..) state variables: [VR(R), VR(MR) [

· When received in the receive window:

· Complete RLC PDUs are not stored in RLC; the RLC SDU is extracted and provided to PDCP
· RLC PDU segments are stored in RLC, till the complete RLC PDU can be reassembled; the RLC SDU is then extracted and provided to PDCP

· As an optimisation, RLC can perform duplication detection within the receive window, i.e. identify that a given PDU was already received/sent to PDCP and hence discard it.

Proposal 1: To implement OOD to PDCP, RLC AM receiver does not store complete RLC PDUs, just RLC PDUs segments
2.2. ARQ latency

The overall ARQ procedure encompasses the following steps:

1. At Rx: detection of missing PDU(s), which will not be recovered by LL retransmissions (HARQ)
2. At Rx: sending of a STATUS REPORT requesting retransmission of missing PDU(s)

3. At Tx: retransmission of the missing PDU(s).

An “Lower layers (LL) reordering window” is maintained, with lower edge VR(MS), which indicates the first missing PDU which is still waited for from lower layers (LL). How to update VR(MS) can reuse legacy algorithm, based on VR(H), VR(X) and T-reordering timer, however we suggest an improved algorithm below.
In our understanding, for NR it is important to minimize the ARQ latency for the following reason:

· The overall UP latency for NR is significantly lower than in LTE, even for eMBB use cases. Significant improvement is performed at PHY level. It is expected that L2 should not jeopardize the benefit realized 
· Very high throughput is expected, up to 20Gbps. This means 20Mb=2.5MB of additional L2 buffering needed for each additional ms of RTT.
· Sustained TCP throughput is also very sensitive to TCP level RTT, which would also be impacted by ARQ latency.

Hence, we make the following proposal.

 Proposal 2: For NR, RLC AM design should target lowest possible ARQ latency

2.2.1. T-reordering functionality
In NR, it was agreed that similarly to LTE, RLC AM supports T-reordering like functionality for the purpose of determining the content of the RLC status report.
The purpose of T-reordering in RLC AM is to determine how much time the RLC receiver waits for missing PDUs before declaring them as lost and invoking ARQ procedure. It impacts the step 1 in ARQ procedure.

Generally, this is needed since LL do not provide in-order delivery to RLC, e.g. because of HARQ operation. In such case, the duration a missing PDU should be waited for can be derived from HARQ settings (e.g. HARQ RTT and number of HARQ retransmission), and the NW should configure the shortest possible time in order to not delay the ARQ procedure. 
However, in legacy T-reordering operation, it can be seen that in case further gaps are created in the reception sequence while T-reordering is running (waiting for initial missing PDUs), the PDUs corresponding to these gaps will be waited for more than what is required, as T-reordering timer will be restarted as soon as first missing PDUs are received or no longer waited for, without consideration of when these gaps were created. This creates additional delay in invoking the ARQ procedure, which is not desirable. This is also detailed in our contribution [2] .

In NR, a single HARQ failure may affect hundreds of RLC PDUs. Generally, they should be consecutive, in which case a single gap in the RLC PDU sequence would be created. Though, if we have centralized ARQ (CU/DU split option 3), we may have new RLC PDUs alternatively sent one each leg. In such case, a single HARQ failure will create hundreds of gaps in the RLC PDUs sequence. This makes this change even more essential.
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

2.2.2. Status Report

The RLC AM status report (for ARQ feedback) can be considered as small and infrequent data. In order to minimize the overall ARQ latency, it could be interesting to be able to map this control data on URLLC resources. To keep this flexibility, it is proposed to be able to map the RLC SR on a different logical channel, which could itself be mapped on URLLC resources.
Proposal 4: For NR, it should be possible to map the transmission of RLC AM status report on a different LC (possibly using URLLC resources)
It is also noted that contrary to LTE, ARQ may run on large set of RLC PDUs, since a single TB may comprise a high number of RLC PDUs (1ms TTI with 20Gbps yields around 1666 PDUs of ~1500B).
Hence, it should be considered whether any ACK/NACK bitmap compression is needed, allowing to efficiently signal large ranges of missing PDUs. It could be beneficial to have 2 different bitmap versions, one compressed and one non-compressed. The UE can decide based e.g. on the resulting size or following configuration from the eNB.

Proposal 5: RAN2 should discuss whether ACK/NACK bitmap compression algorithm is introduced

2.2.3. Retransmissions

Similarly as for the status report, RLC AM retransmissions can be considered as small and infrequent data. In order to minimize the overall ARQ latency, it could be interesting to be able to map them on URLLC resources. This could also be achieved for instance by mapping them on a different logical channel, which could itself be mapped on URLLC resources.

Proposal 6: RAN2 should discuss whether RLC AM retransmissions on a different LC (possibly using URLLC resources)
2.3. Assistance information to PDCP
In NR, PDCP reordering is always enabled if in order delivery to layers above PDCP is required (even in case of single connectivity). When IOD to layers above PDCP is required, we think that PDCP would benefit to know the RLC reordering status (on a per leg basis in case of dual or multiple connectivity), in order to minimize overall reordering delay. This is detailed in our contribution [2] .
3. Conclusion 
In this contribution, we have discussed the RLC AM operation for NR, and made the following proposals:
Proposal 1: To implement OOD to PDCP, RLC AM receiver does not store complete RLC PDUs, just RLC PDUs segments
Proposal 2: For NR, RLC AM design should target lowest possible ARQ latency
Proposal 3: Multiple instances of T-reordering timer are used
Proposal 4: For NR, it should be possible to map the transmission of RLC AM status report on a different LC (possibly using URLLC resources)
Proposal 5: RAN2 should discuss whether ACK/NACK bitmap compression algorithm is introduced
Proposal 6: RAN2 should discuss whether RLC AM retransmissions on a different LC (possibly using URLLC resources)
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Annex A – LTE RLC AM window operation
In LTE, RLC AM receiving window operation is based on the following variables:

a) VR(R) – Receive state variable

This state variable holds the value of the SN following the last in-sequence completely received AMD PDU, and it serves as the lower edge of the receiving window. It is initially set to 0, and is updated whenever the AM RLC entity receives an AMD PDU with SN = VR(R).

b) VR(MR) – Maximum acceptable receive state variable

This state variable equals VR(R) + AM_Window_Size, and it holds the value of the SN of the first AMD PDU that is beyond the receiving window and serves as the higher edge of the receiving window.

c) VR(X) – t-Reordering state variable

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

d) VR(MS) – Maximum STATUS transmit state variable

This state variable holds the highest possible value of the SN which can be indicated by “ACK_SN” when a STATUS PDU needs to be constructed. It is initially set to 0. 

e) VR(H) – Highest received state variable

This state variable holds the value of the SN following the SN of the RLC data PDU with the highest SN among received RLC data PDUs. It is initially set to 0.

RLC receiver is handling OOD or RLC PDUs from MAC layer (due to HARQ operation). When a missing RLC PDU is detected, it is first assumed it will be recovered by HARQ, before requesting ARQ. The state variables define several windows that are represented in the following figure.

· “ARQ window”: missing PDUs in this window are assumed to be recovered by ARQ operation. They were reported in a status report to the transmitting peer RLC entity.

· “LL reordering window”: missing PDUs in this window are assumed to be recovered by lower layers (LL) (re)transmissions. Typically, HARQ operation. They are not yet reported in a status report to the transmitting peer RLC entity.

The variable VR(MS) represents the lower edge (LE) of the “LL reordering window”, i.e. the first missing PDU which is waited for from LL. Previous missing PDUs are no longer waited for from LL, and ARQ is invoked for them. The setting of VR(MS) use a standard T-reordering based mechanism which works as follows:

· Initial state is VR(R) = VR(MS) = VR(H) = 0. 

· If new PDUs are received in receiving window:

· VR(H), VR(R) are updated.

· If T-reordering is running

· If PDUs are received such that eventually VR(X) <= VR(R) (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(R) < VR(H), the timer t-Reordering is started, and VR(X) is set to VR(H). The timer defines how much time the missing PDU(s) will be waited for before invoking ARQ.

· If t-Reordering expires

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

· ARQ is triggered (a status report is triggered to the peer transmitting entity).

· If VR(MS) < VR(H), the timer t-Reordering is started, and VR(X) is set to VR(H).
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