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1      Introduction
In email discussion [99bis#59] [NR UP/RLC] Open issues related to RLC, one issue is should it be specified that submission to lower layers is done when a transmission opportunity from lower layers is indicated. 
In this contribution, we discuss the issue of submission of RLC PDUs to MAC based on previous RAN2 agreements.
2      Discussion
In LTE, the processing model at the UE transmitter side is that RLC PDU and MAC PDU are built upon the notification from lower layers, i.e. upon UL grant. This is specified in TS 36.322 as “RLC PDUs are formed only when a transmission opportunity has been notified by lower layer (i.e. by MAC) and are then delivered to lower layer.”
In NR, to handle the challenging transmitter processing timing requirements, pre-processing in RLC/MAC layer is allowed, and some specification changes relative to LTE are introduced to facilitate pre-processing, e.g. removal of concatenation from RLC layer, interleaving MAC sub-headers with MAC SDUs. It should be noted that compared with LTE, it is already agreed in NR that RLC PDUs can be formed without waiting for the transmission opportunity notified by lower layer, as in TS 38.322 “Each RLC SDU is used to construct an RLC PDU without waiting for notification from the lower layer (i.e., by MAC) of a transmission opportunity.”
When RAN2 agreed on above aspects, one of the major benefit identified is to allow the pre-computation of the RLC and MAC sub-headers (e.g. in [2], and comments for Alternative 3 in email discussion summary [1]. Note that Alternative 3 is eventually agreed in RAN2, i.e. removal of RLC concatenation and interleaving MAC sub-headers with MAC SDUs). When RAN2 agreed to confirm that MAC sub-headers are interleaved with MAC SDUs in RAN2 NR AH #1 meeting, contribution [3] was used as the discussion basis. The contribution clearly indicates that MAC sub-header pre-generation (i.e. before receiving a transmission opportunity from lower layer) as a motivation to confirm the working assumption of interleaving MAC sub-headers with MAC SDUs. Related contention of [3] is copied below for convenience.
	In the following we review the working assumption on not supporting concatenation in RLC and the assumption that SO-based re-segmentation can be reused also for segmentation. Figure 1 illustrates how the MAC PDU is constructed, which is also further discussed below. It is highlighted in green, which header and payload can be pre-processed and stored in memory. It is shown in red, which headers must be created or modified on the fly i.e. are dependent on TB size. 
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Figure 1: MAC PDU construction.

Per our understanding, MAC sub-headers would be interleaved in the solution without RLC concatenation. This way, the MAC sub-headers as well as RLC and PDCP headers could be pre-generated.

Proposal 3    Confirm that MAC sub-headers are interleaved with RLC PDUs.


The timing of submitting RLC PDUs to MAC layer is mainly a modelling issue. Purely from modelling perspective, if MAC sub-header pre-generation is allowed, it should be allowed that RLC PDUs are submitted to MAC layer without waiting for notifications from the lower layer (i.e. by MAC) of a transmission opportunity. Mandating that RLC PDUs are submitted to MAC layer when a transmission opportunity from lower layers is indicated clearly contradicts previous RAN2 agreements to allow pre-processing at UE side, therefore puts unnecessary restriction on UE implementation.
Observation 1: The timing of submitting RLC PDUs to MAC layer is mainly a modelling issue.

Observation 2: Mandating that RLC PDUs are submitted to MAC layer when a transmission opportunity from lower layers is indicated contradicts previous RAN2 agreements to allow pre-processing at UE side, therefore puts unnecessary restriction on UE implementation.
In addition, any specification of mandating the timing of submission RLC PDUs to MAC layer won’t be testable. UE normative behaviour should only be based on externally visible behaviour. 

Observation 3: Mandating the timing of submission RLC PDUs to MAC layer won’t be testable.
Another perspective for the discussion is what the impacts are if the exact timing of submission of RLC PDUs to MAC is not specified. Our understanding is that there are no such impacts due to following reasons:
· RAN2 will specify that RLC SN gap is not allowed. Therefore for PDCP discard, UE behavior is clear regardless of the timing of submission of RLC PDUs to MAC.
· As for the data volume reporting, TS 38.322 specifies that RLC data PDUs pending for initial and retransmission are considered. If RLC data PDUs are submitted to MAC layer without waiting for notification of transmission opportunity from MAC, such RLC data PDUs are still counted for data volume reporting. Therefore we don’t think there is any impact on the data volume reporting.
Observation 4: There are no impacts to other functionalities if the timing of submission of RLC PDUs to MAC is not specified.
Given above discussion, it is natural to assume that the timing of submitting RLC PDUs to MAC layer is up to UE implementation.

Proposal 1: The timing of submitting RLC PDUs to MAC layer is up to UE implementation.
The next question is whether to capture the UE behavior into RLC specification. Given that this is up to UE implementation, there is no strong motivation to capture such behavior into RLC specification. On the other hand, if RAN2 sees the need to capture such behavior, the similar discussion in PDCP layer can be followed. In email discussion [99bis#44] TP for PDCP pre-processing, most companies agreed to capture a note regarding PDCP pre-processing as follows “The transmitting PDCP entity is allowed to submit PDCP PDUs to lower layers before receiving request from lower layers. It is up to UE implementation how many PDCP PDUs are submitted to lower layers before receiving request from lower layers...” A similar note can be captured in RLC specification regarding submission of RLC PDUs to MAC layer: “The RLC entity is allowed to submit RLC PDUs to lower layers before a transmission opportunity has been notified by lower layer (i.e. by MAC)”.
Proposal 2: If needed, a noted can be added to TS 38.322: “The RLC entity is allowed to submit RLC PDUs to lower layers before a transmission opportunity has been notified by lower layer (i.e. by MAC)”.
3      Conclusion
In this contribution, we discuss the issue of submission of RLC PDUs to MAC based on previous RAN2 agreements. We have the following observations.

Observation 1: The timing of submitting RLC PDUs to MAC layer is mainly a modelling issue.
Observation 2: Mandating that RLC PDUs are submitted to MAC layer when a transmission opportunity from lower layers is indicated contradicts previous RAN2 agreements to allow pre-processing at UE side, therefore puts unnecessary restriction on UE implementation.
Observation 3: Mandating the timing of submission RLC PDUs to MAC layer won’t be testable.
Observation 4: There are no impacts to other functionalities if the timing of submission of RLC PDUs to MAC is not specified.
We propose the following:
Proposal 1: The timing of submitting RLC PDUs to MAC layer is up to UE implementation.
Proposal 2: If needed, a noted can be added to TS 38.322: “The RLC entity is allowed to submit RLC PDUs to lower layers before a transmission opportunity has been notified by lower layer (i.e. by MAC)”.
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