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1 Introduction

In last meeting, the pre-processing was discussed and the related agreements were:

Agreements

=>
The UE is allowed to pre-process data for split bearer before a request from lower layers is received and is allowed to submit to lower layers before a request is received.  A restriction on bad UE behaviour or a requirement on proper behaviour will be added.  FFS how to capture it (e.g.  capture how avoid bad UE behaviours related to which PDCP SN are sent to the RLC and not transmitted at the end and whether and how to capture a pre-processing limit)
Based on this proposal, we further discuss the the configuration of the pre-processing limit and the pre-processing operation in RLC layer.
2 Discussion
2.1 The configuration of pre-processing limit
The impact due to pre-processing is analysed as follows for non-split bearer and split bearer respectively:

· For non-split bearer: there is little negative impact, since even if keep the data at PDCP layer, i.e., no pre-processing, it still has to be submitted to the lower layer anyway.

· For split-bearer: Considering it was agreed at RAN2#99

=>
A UE with split bearer can be configured to transmit on a single path via RRC signalling.
Therefore, if the split bearer is configured as the ‘single-path’ mode, no negative impact is foreseen. However, if the split-bearer is configured in “two-path” mode (in more details, either duplication is not configured or duplication is configured but deactivated), there would be negative impact: i.e., if the data is submitted to lower layer of one ‘leg’, the UL grant may arrive from the other ‘leg’. In that case, the data may stuck at one leg due to too-early pre-processing, and the negative impact would be worse if more data is pre-processed at an inappropriate ‘leg’. 

Observation 1 There is negative impact due to pre-processing for split bearer configured to transmit on both paths.

For the case of split bearer configured as ‘dual-path’ mode, there is a need to prevent excessive pre-processing, i.e., to restrict the data volume of pre-processing. The pre-restriction should take into account of the following factors:

· UE capability: how much data can be pre-processed depends on the UE capability, e.g., buffer size, CPU computational capability and etc.;

· Network capability: since pre-processing is to avoid the on-the-fly processing when the UL grant arrives, it definitely relies on the UL grant size, i.e., the bigger / more frequent UL grant is, the more data UE can be pre-processed. 

Considering UL grant provision relates both scheduler implementation and the instant load status in the system, it is hard to be learned by UE autonomously. Therefore, it would be preferred that network explicitly indicate the pre-processing limit to UE. As observed, the pre-processing limit is not needed for non-split bearer and split bearer in ‘single-path’ mode, it should be configured for the two RLC entities associating to the split bearer in ‘dual-path’ mode. 
Proposal 1 Pre-processing limit is explicitly signalled by network for each RLC entity associated with the split-bearer configured to transmit on both paths.
MN and SN may undergo different load status, system capability (bandwidth, carrier frequency etc.), it would be straightforward that MN and SN indicate the limit individually to UE. 

Proposal 2 MN and SN configure pre-processing limit to UE individually. 

Given the configured pre-processing limit, UE can pre-process data up to the configured pre-processing limit. However, below the limit, the concrete volume of the pre-processed data should be up to UE implementation – this is for the following reasons:

· Considering the UE capability is time-varying based on the parameters / attributes of all PHY / MAC / RLC / PDCP layers, so that it is challenging to restrict the pre-processing volume to a specific level

· The pre-processing would be per PDCP PDU, for which the size varies from packet to packet, so that there would be anyway some margin if one more pre-processed PDCP PDU (which is maximum 9KB) would exceed the limit.

It would be preferred to leave the pre-processed data volume to UE implementation, as long as it is within the limit signalled by network.

Proposal 3 The pre-processed data volume is up to UE implementation, which however has to be less than the configured pre-processing limit.

2.2 The pre-processing operation in RLC
In LTE, RLC SDUs and RLC PDUs apply to all RLC entities:
The following applies to all RLC entity types (i.e. TM, UM and AM RLC entity):

-
RLC SDUs of variable sizes which are byte aligned (i.e. multiple of 8 bits) are supported;

-
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.
Since pre-processing is allowed in NR, the RLC PDUs can be formed in the following two cases:

· when a transmission opportunity has been notified by lower layer or
· when RLC SDUs are submitted from higher layer without any notification from lower layer of a transmission opportunity, i.e., for pre-processing
For the former case, it is regarded as legacy LTE PDCP PDUs submitting procedure, which is upon request from lower layers. For the latter case, the transmitting PDCP can submit PDCP PDUs to RLC layer without request. As proposed above, the amount of pre-processed PDCP PDUs is up to UE implementation but should not exceed the pre-processing limit if configured.

Proposal 4 Form RLC PDUs when RLC SDUs are submitted from higher layer with or without notification from lower layer (i.e. MAC) of a transmission opportunity.
In LTE, RLC SDUs may exist in the RLC transmission buffer since the size of UL grant is limited, and thus cannot carry the whole RLC SDU but just segment(s) of it. However in NR, due to pre-processing, all RLC SDUs are mapped to RLC PDUs, which are stored in the RLC transmission buffer.
Proposal 5 RLC SDUs are immediately formed into RLC PDUs, and thus no RLC SDUs are in the RLC transmission buffer.
Given all the RLC SDUs are immediately mapped to RLC PDUs due to the pre-processing, there could be two types of RLC PDUs for RLC AM and RLC UM. 
· One is the RLC PDU of which no segment has been mapped to MAC PDU for transmission. 
· The other is the RLC PDU of which no segment has been mapped to MAC PDU. 
· For AM, this type of RLC PDU is pending for acknowledgement. 
· For UM, this type of RLC PDU is kept only due to segmentation, which means it is only RLC PDU containing byte segment. 
For these two types of RLC PDU, when performing discard procedure in RLC layer, only the fomrmer type should be discarded by indication from PDCP layer. 

Proposal 6 When indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, the transmitting side of RLC entity shall discard the RLC PDU  of which no segment has been mapped to MAC PDU.
3 Conclusion

Based on the discussion in section 2 we observe the following:
Observation 1
There is negative impact due to pre-processing for split bearer configured to transmit on both paths.


Based on the discussion in section 2 we propose the following:
Proposal 1
Pre-processing limit is explicitly signalled by network for each RLC entity associated with the split-bearer configured to transmit on both paths.
Proposal 2
MN and SN configure pre-processing limit to UE individually.
Proposal 3
The pre-processed data volume is up to UE implementation, which however has to be less than the configured pre-processing limit.
Proposal 4
Form RLC PDUs when RLC SDUs are submitted from higher layer with or without notification from lower layer (i.e. MAC) of a transmission opportunity.
Proposal 5
RLC SDUs are immediately formed into RLC PDUs, and thus no RLC SDUs are in the RLC transmission buffer.
Proposal 6
When indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, the transmitting side of RLC entity shall discard the RLC PDU  of which no segment has been mapped to MAC PDU.


4 Annex Text proposal to TS 38.322
*** Start of change ***

4.2.1
RLC entities

The description in this sub clause is a model and does not specify or restrict implementations.

RRC is generally in control of the RLC configuration.

Functions of the RLC sub layer are performed by RLC entities. For a RLC entity configured at the gNB, there is a peer RLC entity configured at the UE and vice versa.

An RLC entity receives/delivers RLC SDUs from/to upper layer and sends/receives RLC PDUs to/from its peer RLC entity via lower layers.

An RLC PDU can either be a RLC data PDU or a RLC control PDU. If an RLC entity receives RLC SDUs from upper layer, it receives them through a single RLC channel between RLC and upper layer, and after forming RLC data PDUs from the received RLC SDUs, the RLC entity delivers the RLC data PDUs to lower layer through a single logical channel. If an RLC entity receives RLC data PDUs from lower layer, it receives them through a single logical channel, and after forming RLC SDUs from the received RLC data PDUs, the RLC entity delivers the RLC SDUs to upper layer through a single RLC channel between RLC and upper layer. If an RLC entity delivers/receives RLC control PDUs to/from lower layer, it delivers/receives them through the same logical channel it delivers/receives the RLC data PDUs through.

An RLC entity can be configured to perform data transfer in one of the following three modes: Transparent Mode (TM), Unacknowledged Mode (UM) or Acknowledged Mode (AM). Consequently, an RLC entity is categorized as a TM RLC entity, an UM RLC entity or an AM RLC entity depending on the mode of data transfer that the RLC entity is configured to provide.

A TM RLC entity is configured either as a transmitting TM RLC entity or a receiving TM RLC entity. The transmitting TM RLC entity receives RLC SDUs from upper layer and sends RLC PDUs to its peer receiving TM RLC entity via lower layers. The receiving TM RLC entity delivers RLC SDUs to upper layer and receives RLC PDUs from its peer transmitting TM RLC entity via lower layers.

An UM RLC entity is configured either as a transmitting UM RLC entity or a receiving UM RLC entity. The transmitting UM RLC entity receives RLC SDUs from upper layer and sends RLC PDUs to its peer receiving UM RLC entity via lower layers. The receiving UM RLC entity delivers RLC SDUs to upper layer and receives RLC PDUs from its peer transmitting UM RLC entity via lower layers.

An AM RLC entity consists of a transmitting side and a receiving side. The transmitting side of an AM RLC entity receives RLC SDUs from upper layer and sends RLC PDUs to its peer AM RLC entity via lower layers. The receiving side of an AM RLC entity delivers RLC SDUs to upper layer and receives RLC PDUs from its peer AM RLC entity via lower layers. 

Figure 4.2.1-1 illustrates the overview model of the RLC sub layer.
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Figure 4.2.1-1: Overview model of the RLC sub layer

The following applies to all RLC entity types (i.e. TM, UM and AM RLC entity):

-
RLC SDUs of variable sizes which are byte aligned (i.e. multiple of 8 bits) are supported; RLC SDUs are immediately formed into RLC PDUs, no RLC SDUs are in the transmission buffer.
-
RLC PDUs are formed when RLC SDUs are submitted from higher layer with or without notification from lower layer (i.e. MAC) of a transmission opportunity. In the case of UM and AM RLC entities, an RLC SDU may be segmented and transported using two or more RLC PDUs based on the notification(s) from the lower layer (i.e. MAC).


Description of different RLC entity types are provided below.
4.2.1.2.2
Transmitting UM RLC entity
The transmitting UM RLC entity immediately generates an UMD PDU for each submitted RLC SDU from higher layer. It shall include relevant RLC headers in the UMD PDU without performing segmentation. When notified of a transmission opportunity by the lower layer, the transmitting UM RLC entity shall segment the RLC SDUs, if needed, so that the corresponding UMD PDUs, with RLC headers updated as needed, fit within the total size of RLC PDU(s) indicated by lower layer. 
4.2.1.3.2
Transmitting side
The transmitting side of an AM RLC entity immediately generates an AMD PDU for each RLC SDU submitted from higher layer. It shall include relevant RLC headers in the AMD PDU without performing segmentation. When notified of a transmission opportunity by the lower layer, the transmitting AM RLC entity shall segment the RLC SDUs, if needed, so that the corresponding AMD PDUs, with RLC headers updated as needed, fit within the total size of RLC PDU(s) indicated by lower layer.
The transmitting side of an AM RLC entity supports retransmission of RLC SDUs or RLC SDU segments (ARQ):

-
if the RLC SDU or RLC SDU segment to be retransmitted (including the RLC header) does not fit within the total size of RLC PDU(s) indicated by lower layer at the particular transmission opportunity notified by lower layer, the AM RLC entity can segment the RLC SDU or re-segment the RLC SDU segments into RLC SDU segments.

-
the number of re-segmentation is not limited.

When the transmitting side of an AM RLC entity forms AMD PDUs from RLC SDUs or RLC SDU segments, it shall:

-
include relevant RLC headers in the AMD PDU.
4.4
Functions
The following functions are supported by the RLC sub layer:

-
transfer of upper layer PDUs;
-
pre-process of upper layer PDUs;
-
error correction through ARQ (only for AM data transfer);

-
Segmentation and reassembly of RLC SDUs (only for UM and AM data transfer);

-
re-segmentation of RLC SDUs or RLC SDU segments (only for AM data transfer);

-
duplicate detection (only for AM data transfer);

-
RLC SDU discard (only for UM and AM data transfer);

-
RLC re-establishment 
-
Protocol error detection (only for AM data transfer). 
5.1.2.1
Transmit operations

5.1.2.1.1
General

When segmentation is performed to a UMD PDU, the transmitting UM RLC entity shall:

-
if the PDU contains a segment of a SDU, set the SN of the UMD PDU to TX_UM_Next

-
if the PDU contains a segment that maps to the last byte of a SDU, then increment TX_UM_Next by one.

5.3
SDU discard procedures

When indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, the transmitting side of an AM RLC entity or the transmitting UM RLC entity shall discard the RLC  PDU associating with the indicated RLC SDU if the RLC PDU is pending for initial transmission and the RLC PDU contains no byte segment..


5.5
Data volume calculation

Editor’s note: This is an attempt to make the RLC and PDCP specifications mutually consistent.

For the purpose of MAC buffer status reporting, the UE shall consider the following as RLC data volume available for transmission in the RLC layer:


-
RLC data PDUs that are pending for initial transmission;

-
RLC data PDUs that are pending for retransmission (RLC AM).

In addition, if a STATUS PDU has been triggered and t-StatusProhibit is not running or has expired, the UE shall estimate the size of the STATUS PDU that will be transmitted in the next transmission opportunity, and consider this as part of RLC data volume.
*** End of change ***
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