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1	Introduction
In this contribution, the UE pre-processing aspect at RLC layer is discussed and proposed to be left up to UE implementation. The following was agreed in the last RAN2#99 meeting in RLC and PDCP sessions, respectively:
=>	RAN2 can clarify UE requirement on PDCP discard and SN utilization 
=>	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)
Update of the contribution considers the issues if RLC PDUs would be allowed to be submitted to lower layer before grant reception. Also, it is proposed to add a note into RLC specification that UE may create RLC PDUs before receiving an UL grant.
2	Discussion
The most recently endorsed TS 38.322 includes references that imply pre-processing would be enforced by default in the UE, e.g., generating and modifying the headers. Given the agreement of UE being allowed to submit PDCP PDUs to lower layers before a grant reception, requiring to generate AMD/UMD PDU and associate the headers upon SDU reception from higher layers could be problematic. For instance, when the SDU needs to be discarded esp. for ARQ operation for RLC AM, for instance; this may lead to possible SN gaps in the transmissions which should be solved by a newly defined solution. Besides, in this case such generation of UMD/AMD PDUs upon SDU reception from higher layers should be fully an implementation choice, rather than procedural requirement by specification. For RLC UM mode, the type of header which to associate RLC SDU with is not even known in advance but is dependent on the possible segmentation – in this case it is hard to justify requiring to create the UMD PDU in advance by the procedure.
In general, the specification should not restrict implementation, hence, we propose such references should be taken out and leave the RLC pre-processing up to UE implementation as already agreed in general. We note that UE may do header/data pre-processing etc. according to implementation as long as it is able to obey the procedures how they’re specified when tested. However, we also note the UE may be allowed to form RLC PDUs before a transmission opportunity is notified by lower layers but as such it shall not be visible in the protocol operation.
Furthermore, as the RLC is performing segmentation, STATUS PDU creation, and polling which are all done in real-time, pre-submitting RLC PDUs to MAC should not be allowed at least in the procedural text as it comes with too much complexity. Besides, discarding such a RLC PDU may bring again the issue of SN gaps as discussed above or not being able to discard anymore may bring issues when employed with split/duplicated bearer, like HFN desynchronization. Hence, we think keeping the principle that RLC PDUs shall only be submitted to lower layers upon a transmission opportunity is justified.
3	Conclusions
Based on the above discussion, we make the following proposals.
[bookmark: _Hlk490150420]Proposal 1: RLC PDUs are submitted to lower layers only when a transmission opportunity has been notified by lower layer – TX_Next (if incremented) is only updated in procedural text when the RLC PDU is delivered to lower layer.
Proposal 2: Add a NOTE in the RLC specification the UE may form RLC PDUs before notified by lower layer of a transmission opportunity.
Proposal 3: Pre-processing is left up to UE implementation (as already agreed).
Proposal 4: Agree the text proposal provided in Annex for TS 38.322.
Annex: Text proposal to TS 38.322
*** Start of change ***
[bookmark: _Toc488395787]4.2	RLC architecture
[bookmark: _Toc454281493][bookmark: _Toc488395788]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.


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;
-	When RLC entity forms RLC PDUs, the formed RLC PDUs are only delivered to lower layer when a transmission opportunity has been notified by lower layer (i.e. by MAC).
NOTE: UE may form RLC PDUs before notified by lower layer of a transmission opportunity.
RLC SDUs of variable sizes which are byte aligned (i.e. multiple of 8 bits) are supported for all RLC entity types (i.e. TM, UM and AM RLC entity).
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. 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.
Description of different RLC entity types are provided below.
*** End of change ***

*** Start of change ***
[bookmark: _Toc454281498][bookmark: _Toc488395793]4.2.1.2	UM RLC entity
[bookmark: _Toc454281499][bookmark: _Toc488395794]4.2.1.2.1	General
An UM RLC entity can be configured to deliver/receive RLC PDUs through the following logical channels:
· DL/UL DTCH


	
Figure 4.2.1.2.1-1: Model of two unacknowledged mode peer entities
An UM RLC entity delivers/receives the following RLC data PDU:
-	UMD PDU.
An UMD PDU contains either one complete RLC SDU or one RLC SDU segment.
Editor’s note: FFS if a different type of RLC data PDU is needed for transport of RLC SDU segments.
NOTE:	HARQ reordering is only applicable for UMD PDUs containing RLC SDU segments.
[bookmark: _Toc454281500][bookmark: _Toc488395795]4.2.1.2.2	Transmitting UM RLC entity
When a transmitting UM RLC entity forms UMD PDUs from RLC SDUs, it shall: 
-	when needed, segment the RLC SDUs so that the UMD PDUs fit within the total size of RLC PDU(s) indicated by lower layer at the particular transmission opportunity notified by lower layer; 
- 	include relevant RLC headers in the UMD PDU.
The transmitting UM RLC entity generates an UMD PDU for each RLC SDU. It shall include relevant RLC headers in the UMD PDU. 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. 
*** End of change ***

*** Start of change ***
[bookmark: _Toc454281502][bookmark: _Toc488395797]4.2.1.3	AM RLC entity
[bookmark: _Toc454281503][bookmark: _Toc488395798]4.2.1.3.1	General
An AM RLC entity can be configured to deliver/receive RLC PDUs through the following logical channels:
· DL/UL DCCH or DL/UL DTCH.


	
Figure 4.2.1.3.1-1: Model of an acknowledged mode entity
An AM RLC entity delivers/receives the following RLC data PDUs:
· AMD PDU.
An AMD PDU contains either one complete RLC SDU or one RLC SDU segment.
NOTE:	HARQ reordering is only applicable for AMD PDUs containing RLC SDU segments.
Editor’s note: FFS if another type of AM RLC data PDU needs to be defined for segmented case, For now, it is assumed here that the same PDU format can be used for both unsegmented and segmented AM RLC data PDUs. This section will be updated if the assumption turns out to be incorrect. 
An AM RLC entity delivers/receives the following RLC control PDU:
-	STATUS PDU.
[bookmark: _Toc454281504][bookmark: _Toc488395799]4.2.1.3.2	Transmitting side
When the transmitting side of an AM RLC entity forms AMD PDUs from RLC SDUs, it shall:
-	when needed, segment the RLC SDUs so that the AMD PDUs fit within the total size of RLC PDU(s) indicated by lower layer at the particular transmission opportunity notified by lower layer.
The transmitting side of an AM RLC entity generates an AMD PDU for each RLC SDU. 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.
*** End of change ***

*** Start of change ***
[bookmark: _Toc454281526][bookmark: _Toc488395813]5.1.3	AM data transfer
[bookmark: _Toc484620849][bookmark: _Toc488395814][bookmark: _Toc477961569]5.1.3.1	Transmit operations
[bookmark: _Toc477961570][bookmark: _Toc484620850][bookmark: _Toc488395815]5.1.3.1.1	General
The transmitting side of an AM RLC entity shall prioritize transmission of RLC control PDUs over AMD PDUs. The transmitting side of an AM RLC entity shall prioritize retransmission of AMD PDUs containing previously transmitted RLC SDUs or RLC SDU segments over transmission of new AMD PDUs.
The transmitting side of an AM RLC entity shall maintain a transmitting window according to the state variable TX_Next_Ack as follows:
-	a SN falls within the transmitting window if TX_Next_Ack <= SN < TX_Next_Ack + AM_Window_Size;
-	a SN falls outside of the transmitting window otherwise.
The transmitting side of an AM RLC entity shall not deliver to lower layer any AMD PDU whose SN falls outside of the transmitting window.
For each RLC SDU received from the upper layer, the AM RLC entity shall:
-	associate a SN with the RLC SDU equal to TX_Next and construct an AMD PDU by setting the SN of the AMD PDU to TX_Next;
-	increment TX_Next by one.
When delivering an AMD PDU that contains a segment of a RLC SDU, to lower layer, the transmitting side of an AM RLC entity shall:
[bookmark: _GoBack]-	set the SN of the AMD PDU to TX_Next;
-	if the AMD PDU contains a RLC SDU or a segment of RLC SDU that maps to the last byte of a RLC SDU:
-	increment TX_Next by one.
-	set the SN of the AMD PDU to the SN of the corresponding RLC SDU.
The transmitting side of an AM RLC entity can receive a positive acknowledgement (confirmation of successful reception by its peer AM RLC entity) for an AMD PDU by the following:
-	STATUS PDU from its peer AM RLC entity.
When receiving a positive acknowledgement for an AMD PDU with SN = x, the transmitting side of an AM RLC entity shall:
-	if positive acknowledgements have been received for all AMD PDU(s) associated with the transmitted RLC SDU:
-	send an indication to the upper layers of successful delivery of the RLC SDU;
-	set TX_Next_Ack equal to the SN of the RLC SDU with the smallest SN, whose SN falls within the range TX_Next_Ack <= SN <= TX_Next and for which all positive acknowledgments of associated AMD PDU(s) have not been received yet.
*** End of change ***

[bookmark: _Toc454281541][bookmark: _Toc488395828]*** Start of change ***
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 indicated RLC SDU if the RLC SDU or RLC SDU segment has not been mapped to a RLC data PDU and delivered to the lower layer yet.
Editor’s note: this section may be impacted by the discussion of pre-processing, will be updated if further agreements are reached.
*** End of change ***

image1.emf
radio interface

lower layers

transmitting

TM RLC entity

transmitting

UM RLC entity

AM RLC entity

receiving

TM RLC entity

receiving

UM RLC entity

receiving

TM RLC entity

receiving

UM RLC entity

AM RLC entity

transmitting

TM RLC entity

transmitting

UM RLC entity

lower layers

upper layer

upper layer

gNB/UE

UE

RLC channel

logical 

channel

logical 

channel

RLC channel


oleObject1.bin
�

�

�

transmitting
TM RLC entity


transmitting
UM RLC entity


AM RLC entity


receiving
TM RLC entity


receiving
UM RLC entity


receiving
TM RLC entity


receiving
UM RLC entity


AM RLC entity


transmitting
TM RLC entity


transmitting
UM RLC entity


lower layers


upper layer


upper layer


RLC channel


lower layers


radio interface


logical channel


gNB/UE


UE


logical channel


RLC channel



image2.emf
Transmission

buffer

Segmentation

Add RLC header

Transmitting 

UM-RLC 

entity

UM-RLC 

channel

radio interface(Uu)

Receiving 

UM-RLC 

entity

UM-RLC 

channel

UE/GNB GNB/UE

Reception

buffer

SDU reassembly

Remove RLC header 

DTCH DTCH


oleObject2.bin
Transmission
buffer


Segmentation


Add RLC header


Transmitting UM-RLC entity


UM-RLC channel


radio interface (Uu)



image3.emf
Generate RLC header 

and store in 

transmision buffer

Segmentation

Modify RLC header

Add RLC header

Transmitting 

UM-RLC 

entity

UM-RLC 

channel

radio interface(Uu)

Receiving 

UM-RLC 

entity

UM-RLC 

channel

UE/GNB GNB/UE

Reception

buffer & HARQ 

reordering

SDU reassembly

Remove RLC header 

DTCH DTCH


oleObject3.bin
Generate RLC header and store in transmision buffer


Transmitting UM-RLC entity


UM-RLC channel


radio interface (Uu)


Receiving UM-RLC entity


UM-RLC channel


UE/GNB


GNB/UE


Segmentation
Modify RLC header


Add RLC header


Reception
buffer & HARQ reordering


SDU reassembly


Remove RLC header 


DTCH


DTCH



image4.emf
Transmission

buffer

Segmentation

Add RLC header

Retransmission 

buffer

RLC control

Routing

Reception

buffer

SDU reassembly

AM-RLC channel

Remove RLC header 

DTCH/DCCH DTCH/DCCH


oleObject4.bin
Transmission
buffer



image5.emf
Generate RLC header 

and store in 

transmission

buffer

Segmentation

Modify RLC header

Add RLC header

Retransmission 

buffer

RLC control

Routing

Reception

buffer & HARQ 

reordering

SDU reassembly

AM-RLC channel

Remove RLC header 

DTCH/DCCH DTCH/DCCH


oleObject5.bin
Generate RLC header and store in transmission
buffer


Segmentation
Modify RLC header


Add RLC header


Retransmission buffer


RLC control


Routing


Reception
buffer & HARQ reordering


SDU reassembly


AM-RLC channel


Remove RLC header 


DTCH/DCCH


DTCH/DCCH



