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1. Introduction
[bookmark: Proposal_Pattern_Length]This contribution discusses the foreseen impacts to the radio bearer configurations when enabling the small data transmissions feature (SDT) taking into consideration the UE context relocation and the implications of NR CU/DU split architecture in relation to the following objective [1]:
For the RRC_INACTIVE state:
· UL small data transmissions for RACH-based schemes (i.e. 2-step and 4-step RACH):
· Context fetch and data forwarding (with and without anchor relocation) in INACTIVE state for RACH-based solutions [RAN2, RAN3]
Note 1: The security aspects of the above solutions should be checked with SA3
This contribution does not focus on the RAN impacts of the SDT mechanism when using an RRC vs a non-RRC based approach or RACH specific aspects which are discussed separately in [2].
1. Discussion
Handling of radio bearer configuration for SDT mechanism
Compared to LTE, for a UE in RRC_INACTIVE, some background on legacy network operations considering NR CU/DU split architecture may be relevant for the new SDT mechanism:
1) UE and CU-CP store the UE Context when UE moves into RRC_INACTIVE.
2) DU releases the stored UE context when UE moves into RRC_INACTIVE, as well as, the corresponding tunnels established between DU and CU-UP. 
3) CU-UP retains the UE context in a suspended state when UE is in RRC_INACTIVE. 
The sections below discuss how the RLC bearer configuration could be handled when starting and ending the SDT mechanism for a UE context that is available (even if the relocation of the UE context were required), whether the UE Context may be kept stored in DU while UE is in RRC_IDLE, and the PDCP handling. 
[bookmark: _Ref46870974][bookmark: _Hlk46869637]Start of SDT and handling of radio bearer configuration 
When starting SDT mechanism, the PHY configuration relies on a “default or common configuration” regardless of the mechanism used to handle the radio bearer configuration.
[bookmark: _Toc47217822][bookmark: _Toc47348530][bookmark: _Toc47376824][bookmark: _Toc47477855][bookmark: _Toc47511186][bookmark: _Toc47530504][bookmark: _Toc47610489][bookmark: _Toc47611546][bookmark: _Toc47621243][bookmark: _Toc47622867]For SDT mechanism, the PHY configuration uses a “default or common configuration” where the term of “default or common configuration” identifies a configuration that is pre-defined in specification or configured by gNB (via broadcast or even dedicated signaling).

The possible options to handle the RLC bearer configuration when starting SDT mechanism are the following:
Option 1) UE uses the RLC bearer configuration stored in UE context. The data uses the stored configuration in UE context for the RLC bearer. This option 1 would require the DU to temporarily store the UL data until the UE context is retrieved in order to be able to process that data, as shown in Figure 1.


[bookmark: _Ref47211693]Figure 1. Start of SDT mechanism using RLC bearer configuration stored in the UE Context (option 1)
Option 2) UE uses the RLC bearer configuration provided as default or common one. The data uses a default or common configuration for both the PHY and the RLC bearer. This option 2 allows the DU to process the data when it is received and to route it to the CU-UP as soon as it knows the appropriate tunneling e.g. by retrieving the UE context as shown in Figure 2 or if the tunneling information were available by other means. Other alternatives could be if UE provides the required tunnel identifier to DU or if an SDT default tunnel were used between DU and the given CU-UP; however, the discussion on whether/how to improve the handling of the tunneling between DU and CU-UP should be driven by RAN3 as responsible WG.


[bookmark: _Ref46867752]Figure 2. Start of SDT mechanism using default/common RLC bearer configuration (option 2)
Therefore, RAN2 should discuss which radio bearer configuration is used by UE and DU for SDT mechanism.
Proposal 1. [bookmark: _Toc477888239][bookmark: _Toc478114424][bookmark: _Toc478139321][bookmark: _Toc478164249][bookmark: _Toc478166236][bookmark: _Toc478166327][bookmark: _Toc478166375][bookmark: _Toc528244348][bookmark: _Toc528244363][bookmark: _Toc22282238][bookmark: _Toc22282245][bookmark: _Toc22282357][bookmark: _Toc46872462][bookmark: _Toc46872485][bookmark: _Toc47217818][bookmark: _Toc47348538][bookmark: _Toc47376827][bookmark: _Toc47477858][bookmark: _Toc47509109][bookmark: _Toc47511191][bookmark: _Toc47530510][bookmark: _Toc47610496][bookmark: _Toc47611551][bookmark: _Toc47621247][bookmark: _Toc47622862]When initiating SDT mechanism, RAN2 to discuss which RLC bearer configuration is used by UE in RRC_INACTIVE and the current cell (or DU): 
option 1) the one stored in UE Context, or 
option 2) a default or common one (which identifies a configuration that is pre-defined in specification or configured by gNB). 
The above discussion assumed legacy DU configuration handling.  At least for PUR operation, since it is only valid in the same cell, it is more efficient to retain the DU context and the tunnels to CU-UP, as shown in Figure 3.  It avoids a lot of network signalling and data delay as the DU can process the data and forward to the CU-UP immediately.  


[bookmark: _Ref47599379]Figure 3. Start of SDT mechanism retaining UE context in DU while using RLC bearer configuration stored in the UE Context (option 3)
Therefore at least for the PUR case, it is simpler to re-use the stored RLC configuration.  
[bookmark: _Toc47511187][bookmark: _Toc47530505][bookmark: _Toc47610490][bookmark: _Toc47611547][bookmark: _Toc47621244][bookmark: _Toc47622868]Retaining the UE context in the DU is efficient in terms of signalling and delay, especially for PUR operation. 

Moreover, considering that some network signalling may be needed (depending on RAN3 design), for example for the tunneling information even if we use default/common configuration for RLC bearer, there might not be much benefit in using default/common RLC configuration. Moreover, the usage of stored configuration (instead of the default/common one) might be more desirable when having to handle the fallback scenario to resume. For this scenario, the UE in RRC_INACTIVE is already using the stored configuration for the data which would be the same configuration used after falling back into RRC_CONNECTED (which might be even more critical if the data was segmented having the 1st segment is sent while UE was in RRC_INACTIVE and the following one after getting into RRC_CONNECTED). In addition, the usage of stored configuration could benefit when keeping the RLC bearer instance in use across different SDT access done by a UE in RRC_INACTIVE. Given the above benefit, using the stored configuration allows a common and efficient behavior for both PUR and RACH SDT mechanisms.  
Proposal 2. [bookmark: _Toc47530511][bookmark: _Toc47610497][bookmark: _Toc47611552][bookmark: _Toc47509110][bookmark: _Toc47511192][bookmark: _Toc47530512][bookmark: _Toc47610498][bookmark: _Toc47611553][bookmark: _Toc47621248][bookmark: _Toc47622863]Stored configuration in the UE Context is used for the RLC bearer configuration for any SDT mechanism (RACH and PUR).


The CU-UP context and the PDCP of the bearer carrying data can be re-used for SDT.  In legacy Resume procedure, the security keys are always changed and PDCP re-established.  This behavior can, in principle, be re-used, i.e. if UE is provided with a new NCC, PDCP is re-established for each SDT transfer session. Signalling details can be further discussed in stage 3.
ROHC protocol is reset for all UM and AM DRBs except if drb-ContinueROHC is configured in Resume message. As there is no Resume message for SDT, it is not possible to provide this indication of drb-ContinueROHC.   Typically, it is possible to continue RoHC within the same CU-UP – that is, when the UE is resuming within the same CU-UP region or when the UE context is not relocated.  However, the UE is not aware of these network aspects in general, unless it is also made to coincide with UE’s RNA boundary.  
Taken this into consideration the following options seems possible for SDT mechanism to handle the RoHC:
Option 1) RoHC is always reset in each SDT.  This is clearly quite inefficient.
Option 2) RoHC is not reset for PUR but is reset for RACH in each SDT.
Option 3) A network based solution is adopted, such as RoHC relocation, handling in anchor node, aligning RNA with CU-UP boundary can be considered.
Proposal 3. [bookmark: _Toc47509111][bookmark: _Toc47511193][bookmark: _Toc47530513][bookmark: _Toc47610499][bookmark: _Toc47611554][bookmark: _Toc47621249][bookmark: _Toc47477860][bookmark: _Toc47622864]For a UE in RRC_INACTIVE supporting SDT mechanism, to discuss further the handling of the RoHC considering option (1) RoHC is reset in each SDT, option (2) RoHC is not reset for PUR but is reset for RACH in each SDT, and option (3) a network based solution is adopted (e.g. considering RoHC relocation, handling in anchor node, aligning RNA with CU-UP boundary). 

End of SDT and handling of the radio bearer configuration 
The end of the SDT is inter-related with the radio bearer configuration topics and options discussed in previous section 2.1.1. Therefore, this is not discussed here again when discussing the end of the SDT mechanism.
On other hand, there is a need to discuss how/whether at the end of the SDT, any signaling (e.g. RRCRelease message) can/should be sent multiplexed or not with a last DL data.  LTE EDT always requires that the DL data and RRC message are multiplexed and sent together.  In NR, the RRC message comes from the CU-CP and data from CU-UP.   Figure 4 shows how the DU receives the RRCRelease message from CU-CP vs the DL data that comes from the CU-UP. Therefore, the DU may not know when to hold the data or the RRCRelease message that could arrive in different order at the DU in order to multiplex them.  Or worse the last optional DL data may not even be present. 


[bookmark: _Ref46871722]Figure 4. End of SDT mechanism multiplexing RRCRelease and DL data provided by CU-CP / CU-UP respectively.
[bookmark: _Toc46872463][bookmark: _Toc46872486][bookmark: _Toc47217820][bookmark: _Toc47348540][bookmark: _Toc47376829][bookmark: _Toc47477861][bookmark: _Toc47509112][bookmark: _Toc47511194]As proposed in [2], considering there may be more than one data packet exchanged in one SDT, NR should also support sending RRC release and DL data separately.  
Proposal 4. [bookmark: _Toc47530514][bookmark: _Toc47610500][bookmark: _Toc47611555][bookmark: _Toc47621250][bookmark: _Toc47622865][bookmark: _Toc46872464]When ending SDT-RACH mechanism, it should be possible to send last SDT signaling (e.g. RRCRelease message) separately or together with the last DL data. 
[bookmark: _Toc463058201][bookmark: _Toc463058245][bookmark: _Toc463058202][bookmark: _Toc463058246][bookmark: _Toc463058203][bookmark: _Toc463058247][bookmark: _Toc465992504][bookmark: _Toc465993063][bookmark: _Toc465993086]
[bookmark: _Ref47217559]Handling when UE Context is not relocated from anchor gNB
When SDT is performed in a different cell than where the UE context is stored and UE Context relocation is not performed, different approaches are possible to handle this:
Option 1)  Current gNB forwards UE’s messages to the anchor gNB which is the one in charge of decoding the information and generating the corresponding response. This option 1) would follow similar approach to legacy NR operation of periodic RNAU without context relocation. 
Option 2) Current gNB gets a copy of the UE context or security keys required from anchor gNB to the current gNB, and the data is processed by the current gNB. However, this option 2) still needs to send the signaling/data via the anchor gNB as the tunneling to CN are kept in the anchor gNB while UE is in RRC_INACTIVE and there is no the UE context relocation.
While both options seems feasible, option (2) requires that the current and anchor gNB share security information and keep redundant information (including UE context and updated suspend configuration amongst others) and still requires forwarding signaling/data to and from the anchor gNB as previously explained. Considering all of those aspects, option (2) is not preferable. Therefore option (1) looks better with the implication that current gNB forwards any UE signaling/data for the anchor gNB to handle it.  This option (1) will involve forwarding RRC messages via CU-CP and user plane data through CU-UP which is more complex than legacy Periodic RNAU.  
Populating the UE context in the DU and tunnels is also more complex and involves more signalling because there are more hops in each of these signalling between the anchor CU and current DU via the current CU. All these aspects and discussion should be driven by RAN3 WG, and RAN2 can wait for RAN3 input to see if any RAN2 changes are required from this.
[bookmark: _Toc47217823][bookmark: _Toc47348531][bookmark: _Toc47217824][bookmark: _Toc47348532][bookmark: _Toc47217825][bookmark: _Toc47348533][bookmark: _Hlk46873153][bookmark: _Toc47217826][bookmark: _Toc47348534][bookmark: _Toc47376825][bookmark: _Toc47477856][bookmark: _Toc47511188][bookmark: _Toc47530506][bookmark: _Toc47610491][bookmark: _Toc47611548][bookmark: _Toc47621245][bookmark: _Toc46872465][bookmark: _Toc46872487][bookmark: _Toc47622869]When SDT is initiated in a different cell than where the UE context is stored but UE Context relocation is not performed, it seems preferable that current gNB forwards UE’s messages and data to and from the anchor gNB which is the one in charge of decoding the information and generating the corresponding response (similar to legacy periodic RNAU).
[bookmark: _Toc47610492][bookmark: _Toc47611549][bookmark: _Toc47621246][bookmark: _Toc47622870]The forwarding of signalling and data to the anchor CU-CP and CU-UP will involve considerably more network signalling than for legacy periodic RNAU procedure.  
Proposal 5. [bookmark: _Toc47217821][bookmark: _Toc47348541][bookmark: _Toc47376830][bookmark: _Toc47477862][bookmark: _Toc47509113][bookmark: _Toc47511195][bookmark: _Toc47530515][bookmark: _Toc47610501][bookmark: _Toc47611556][bookmark: _Toc47621251][bookmark: _Toc47622866]On how to enable SDT operation when this is initiated in a different cell than where the UE context is stored without UE Context relocation, RAN2 should wait for RAN3 conclusion on preferred approach before discussing potential RAN2 impacts, if any.
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1. Conclusion
The observations captured are the following:
Observation 1.	For SDT mechanism, the PHY configuration uses a “default or common configuration” where the term of “default or common configuration” identifies a configuration that is pre-defined in specification or configured by gNB (via broadcast or even dedicated signaling).
Observation 2.	Retaining the UE context in the DU is efficient in terms of signalling and delay, especially for PUR operation.
Observation 3.	When SDT is initiated in a different cell than where the UE context is stored but UE Context relocation is not performed, it seems preferable that current gNB forwards UE’s messages and data to and from the anchor gNB which is the one in charge of decoding the information and generating the corresponding response (similar to legacy periodic RNAU).
Observation 4.	The forwarding of signalling and data to the anchor CU-CP and CU-UP will involve considerably more network signalling than for legacy periodic RNAU procedure.
The proposals captured are the following:
Proposal 1.	When initiating SDT mechanism, RAN2 to discuss which RLC bearer configuration is used by UE in RRC_INACTIVE and the current cell (or DU):  option 1) the one stored in UE Context, or  option 2) a default or common one (which identifies a configuration that is pre-defined in specification or configured by gNB).
Proposal 2.	Stored configuration in the UE Context is used for the RLC bearer configuration for any SDT mechanism (RACH and PUR).
Proposal 3.	For a UE in RRC_INACTIVE supporting SDT mechanism, to discuss further the handling of the RoHC considering option (1) RoHC is reset in each SDT, option (2) RoHC is not reset for PUR but is reset for RACH in each SDT, and option (3) a network based solution is adopted (e.g. considering RoHC relocation, handling in anchor node, aligning RNA with CU-UP boundary).
Proposal 4.	When ending SDT-RACH mechanism, it should be possible to send last SDT signaling (e.g. RRCRelease message) separately or together with the last DL data.
Proposal 5.	On how to enable SDT operation when this is initiated in a different cell than where the UE context is stored without UE Context relocation, RAN2 should wait for RAN3 conclusion on preferred approach before discussing potential RAN2 impacts, if any.



1. [bookmark: _Ref434066290]Reference
[1] [bookmark: _Ref46843146][bookmark: _Ref478150265]RP-201305, WID, Updated Work Item on NR small data transmissions in INACTIVE state, July 2020.
[2] [bookmark: _Ref46757011]R2-2006713, SDT mechanism on RRC/non-RRC based approaches and RACH requirements, Intel Corporation, August 2020.



Microsoft_Visio_Drawing.vsdx
[1] Start SDT-RACH (UE ID) & UL data
UE
DU

[4] UE CONTEXT SETUP RESPONSE (DL TEIDs)
[3] UE CONTEXT SETUP REQUEST  (UL TEIDs)
[2] INITIAL UL RRC MESSAGE TRANSFER
CU-UP
CU-CP
UE in RRC_INACTIVE
CM-CONNECTED
[5] BEARER CONTEXT MODIFICATION REQUEST (w/ resume indication & DL TEIDs)
[6] BEARER CONTEXT MODIFICATION RESPONSE
[7] UL data
UE Context is stored while UE is in RRC_INACTIVE
UE Context is suspended while UE is in RRC_INACTIVE
=> Default/common config. is used for PHY
=> Stored RLC bearer is used for data
=> Identify UE context
=> Process data using stored RLC bearer instance



image2.emf
[1] Start SDT-RACH (UE ID) & UL data

UE DU

[4] UE CONTEXT SETUP RESPONSE (DL TEIDs)

[3] UE CONTEXT SETUP REQUEST  (UL TEIDs)

[2] INITIAL UL RRC MESSAGE TRANSFER

CU-UP CU-CP

UE in RRC_INACTIVE

CM-CONNECTED

[5] BEARER CONTEXT 

MODIFICATION REQUEST (w/ 

resume indication & DL TEIDs) 

[6] BEARER CONTEXT 

MODIFICATION RESPONSE 

[7] UL data

UE Context is stored 

while UE is in 

RRC_INACTIVE

UE Context is suspended 

while UE is in 

RRC_INACTIVE

=> Default/common config. for PHY and 

for RLC bearer are used for data

=> Identify UE context

=> Process data using stored 

RLC bearer instance


Microsoft_Visio_Drawing1.vsdx
[1] Start SDT-RACH (UE ID) & UL data
UE
DU

[4] UE CONTEXT SETUP RESPONSE (DL TEIDs)
[3] UE CONTEXT SETUP REQUEST  (UL TEIDs)
[2] INITIAL UL RRC MESSAGE TRANSFER
CU-UP
CU-CP
UE in RRC_INACTIVE
CM-CONNECTED
[5] BEARER CONTEXT MODIFICATION REQUEST (w/ resume indication & DL TEIDs)
[6] BEARER CONTEXT MODIFICATION RESPONSE
[7] UL data
UE Context is stored while UE is in RRC_INACTIVE
UE Context is suspended while UE is in RRC_INACTIVE
=> Default/common config. for PHY and for RLC bearer are used for data
=> Identify UE context
=> Process data using stored RLC bearer instance



image3.emf
[1] Start SDT (UE ID) & UL data

UE DU CU-UP CU-CP

UE in RRC_INACTIVE

CM-CONNECTED

NOTE - Blue depicts new information 

or mechanism not defined in NR for 

SDT, and red the changes associated 

to this scenario that retains the UE 

Context in DU while UE is in 

RRC_INACTIVE

[2] UL data

UE Context is stored while 

UE is in RRC_INACTIVE

=> Default/common 

config. is used for PHY

=> Stored RLC bearer is 

used for data

=> Identify UE context

=> Process data using stored 

RLC bearer instance

UE Context, RLC bearer instance 

and tunnels are retained while 

UE is in RRC_INACTIVE


Microsoft_Visio_Drawing2.vsdx
[1] Start SDT (UE ID) & UL data
UE
DU
CU-UP
CU-CP
UE in RRC_INACTIVE
CM-CONNECTED
NOTE - Blue depicts new information or mechanism not defined in NR for SDT, and red the changes associated to this scenario that retains the UE Context in DU while UE is in RRC_INACTIVE
[2] UL data
UE Context is stored while UE is in RRC_INACTIVE
=> Default/common config. is used for PHY
=> Stored RLC bearer is used for data
=> Identify UE context
=> Process data using stored RLC bearer instance
UE Context, RLC bearer instance and tunnels are retained while UE is in RRC_INACTIVE



image4.emf
[3] End SDT (RRCRelease) & DL data

UE DU

[2] UE CONTEXT RELEASE COMMAND (w/ RRCRelease)

CU-UP CU-CP

UE in RRC_INACTIVE

CM-CONNECTED

[1] DL data

UE Context is stored while 

UE is in RRC_INACTIVE

Ongoing SDT mechanism by a UE is in RRC_INACTIVE

[4] UE CONTEXT RELEASE COMPLETE


Microsoft_Visio_Drawing3.vsdx
[3] End SDT (RRCRelease) & DL data
UE
DU
[2] UE CONTEXT RELEASE COMMAND (w/ RRCRelease)
CU-UP
CU-CP
UE in RRC_INACTIVE
CM-CONNECTED
[1] DL data
UE Context is stored while UE is in RRC_INACTIVE
Ongoing SDT mechanism by a UE is in RRC_INACTIVE
[4] UE CONTEXT RELEASE COMPLETE



image1.emf
[1] Start SDT-RACH (UE ID) & UL data

UE DU

[4] UE CONTEXT SETUP RESPONSE (DL TEIDs)

[3] UE CONTEXT SETUP REQUEST  (UL TEIDs)

[2] INITIAL UL RRC MESSAGE TRANSFER

CU-UP CU-CP

UE in RRC_INACTIVE

CM-CONNECTED

[5] BEARER CONTEXT 

MODIFICATION REQUEST (w/ 

resume indication & DL TEIDs) 

[6] BEARER CONTEXT 

MODIFICATION RESPONSE 

[7] UL data

UE Context is stored 

while UE is in 

RRC_INACTIVE

UE Context is suspended 

while UE is in 

RRC_INACTIVE

=> Default/common config. is used for PHY

=> Stored RLC bearer is used for data

=> Identify UE context

=> Process data using stored 

RLC bearer instance


