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1. Introduction
RAN3#111-e has discussed the general procedures for the small data transmission in INACTIVE state with anchor re-location and without anchor re-location, and the following agreement has been notified to RAN2 in [1], then the reply LS is received from RAN2 in [2]:

	-
WA1: The existing Retrieve UE Context procedure can be reused for both with and without anchor relocation scenarios with possible enhancements, which will be discussed later.

-
WA2: UL data for SDT is buffered at the receiving node in the successful context retrieval procedure. For other cases, the common understanding is that UL data may need to be buffered as well, details are pending.

-
WA3: The last serving gNB, i.e., anchor gNB, will be the decision maker on whether to relocate anchor or not. Assistance information provided by the receiving gNB may help on the decision. Details of such information are pending to future discussion in RAN3 and/or RAN2 inputs.

-
RAN3 discussed the assumption in the LS that RLC handling is processed in the receiving gNB and would like to ask if this is confirmed as a firm agreement in RAN2. Several companies in RAN3 proposed to analyse the topic further.


RAN2#113bis-e has discussed the LS and decided it is up to RAN3 to decide the RLC handling node in [2] Reply LS to RAN3.
This paper discuss the RACH based SDT with or without anchor re-location based on the information provided in RAN2 LS.
2. Discussion
2.1 RAN2 LS 
RAN2 highlights the following related agreements reached so far in RAN2 in the LS [2].
	Agreement:
RAN2 confirms the agreement the RLC configuration used is from the stored UE context. 

Regarding in which node the RLC handling should be processed, RAN2 made an early assumption on processing in the receiving gNB, however did not discuss details leading to any firm agreement. RAN2 did also not discuss detailed aspects of processing specifically for with or without anchor relocation.

It is thus RAN2 understanding that in which node to handle the RLC PDU is up to RAN3 decision and RAN3 should continue to discuss how the inter-node functionality and signaling between network nodes should be specified.


Based on the RAN2 inputs, RAN3 can discuss and decide the RLC handling node for the RACH based SDT with anchor relocation and without anchor relocation.
Observation 1: RAN2 has agreed that RAN3 decide the RLC handing node for the RACH based SDT with anchor relocation and without anchor relocation.
2.2 RACH based SDT with anchor relocation

Based on the RAN3 agreement in [1], a general procedure for RACH based SDT with anchor relocation is showed in Figure 1:
In step 1, the UL data for SDT is buffered at the new gNB when the UL data is received. 
In step 3, after the existing Retrieve UE Context procedure, the new gNB can establish the RLC entity etc. for the small data DRB and continue the RLC handling for the UL data.
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Figure 1: general procedure for RA-based schemes with anchor relocation

Proposal 1: The RLC handling node for the small data DRB is the new gNB after the RACH SDT based anchor relocation by Retrieve UE context procedure successful operation.

2.3 RACH based SDT without anchor relocation

The RACH based SDT without anchor relocation can avoid the frequent Path switch procedures if UE moves frequently among gNBs. In this case the new gNB can forward the small data to the anchor gNB (i.e. last serving gNB), then the anchor gNB deciphers the data and send to the UPF. 
As the new key and stored UE RLC context is used, a key question is: which kind of PDU to be forwarded to the last serving gNB, PDCP PDU or MAC PDU? 
Option 1: forward PDCP PDU via DRB level data forwarding tunnel
Currently during mobility, both PDU session level data forwarding tunnel and DRB level data forwarding tunnel could be established over Xn interface.
In RAN2 LS [2], it is said that the RLC configuration used for the SDT DRB data will be based on a UE stored configuration. We consider that the RLC PDU will be processed in the receiving gNB. Therefore the last serving gNB needs to provide the stored RLC configuration, together with DRB level data forwarding UL TNL information to the new gNB, and then the new gNB forwards the UL PDCP PDU towards the last serving gNB.
To achieve the DL data forwarding from last serving gNB, the new gNB can send XN-U ADDRESS INDICATION message to provide DRB level data forwarding DL TNL information to the last serving gNB.

As DRB level data forwarding tunnel is used in this option, the multiple UL or DL data packets transmission in a SDT can be supported by default.

The general procedure is showed in the Figure 2.
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Figure 2: PDCP PDU forwarding procedure without anchor relocation
RAN3#111-e has agreed that existing Retrieve UE Context procedure can be reused for both with and without anchor relocation scenarios with possible enhancements, here step 3 can use the enhanced RETRIEVE UE CONTEXT RESPONSE message, which includes the above SDT configuration in a new IE e.g. UE Context Information for SDT Without Anchor Relocation. If the new IE is included, UE ignore the legacy IE UE Context Information – Retrieve UE Context Response.
Option 2: piggyback MAC PDU in the XnAP Messages
In this option, the small data is piggybacked in the RETRIEVE UE CONTEXT REQUEST/ RETRIEVE UE CONTEXT Response messages.
Considering that the UE context is in the anchor gNB, the MAC PDU can be directly sent to the anchor non-split CU-DU gNB. It can avoid the data forwarding delay caused by the RLC context fetching and DRB level data forwarding tunnel establishment. However in the split CU-DU case, the MAC PDU is transported via New gNB DU->New gNB-CU->Anchor-gNB-CU-> Anchor-gNB-DU-> Anchor-gNB-CU as showed in the Figure 3. 
[image: image3.png]UpF

Anchor gNB

JLast Serving gNB_| N

New serving gNB

SDAP

PoCP,

Xn-CP.





Figure 3: MAC PDU forwarding in case of split CU-DU case
The general procedure is showed in the Figure 4.
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Figure 4: MAC PDU forwarding procedure without anchor relocation
We observe that this option is more efficient for the one shot SDT without the additional RLC context fetching and DRB level data forwarding tunnel establishment in the non-split CU-DU case. However, it is quite inefficient in split CU-DU case. On the other hand, in case of multiple UL and DL data SDT, multiple UE Context Retrieval procedures may need to be triggered, which is complex and inefficient from signalling point of view.

We have the following analysis for the 2 options:

	
	Pros.
	Cons.

	Option 1
	Low Xn signalling overhead in case of the subsequent data transfer.
Same signalling overhead and latency in both the split CU-DU and the non-split case.
	NA

	Option 2
	Low Xn signalling overhead and low latency in case of one shot SDT and non-split CU-DU case.
	1. More Xn signalling overhead in case of the subsequent data transfer 
2. Long path for the data routing from the new DU to the source DU. More signalling and high latency in case of the split CU-DU case.


Considering the pros and cons of these two approaches, it is preferred to adopt the option 1 “forward PDCP PDU via DRB level data forwarding tunnel” to support the RACH based SDT without anchor relocation 
Proposal 2: The RLC handling node for the small data DRB is the new gNB after the RLC configuration is provided from the last serving gNB by the enhanced Retrieve UE context procedure successful operation.
Proposal 3: Support RACH based SDT without anchor relocation by forwarding PDCP PDU via DRB level data forwarding tunnel.
Proposal 4: Support RACH based SDT without anchor relocation by providing the RLC configuration, DRB Level data forwarding UL TNL Information and RRCRelease from the last serving gNB to the new gNB, the enhanced RETRIEVE UE CONTEXT RESPONSE message should be used.
Proposal 5: Support DL data forwarding in case of RACH based SDT without anchor relocation, by reusing XN-U ADDRESS INDICATION message to provide the DRB Level data forwarding DL TNL Information.
3. Proposals
Based on the discussion in this paper, we have the following observations for the group to discuss, and some proposals were provided.
Proposal 1: The RLC handling node for the small data DRB is the new gNB after the RACH SDT based anchor relocation by Retrieve UE context procedure successful operation.

Proposal 2: The RLC handling node for the small data DRB is the new gNB after the RLC configuration is provided from the last serving gNB by the enhanced Retrieve UE context procedure successful operation.
Proposal 3: Support RACH based SDT without anchor relocation by forwarding PDCP PDU via DRB level data forwarding tunnel.

Proposal 4: Support RACH based SDT without anchor relocation by providing the RLC configuration, DRB Level data forwarding UL TNL Information and RRCRelease from the last serving gNB to the new gNB, the enhanced RETRIEVE UE CONTEXT RESPONSE message should be used.

Proposal 5: Support DL data forwarding in case of RACH based SDT without anchor relocation, by reusing XN-U ADDRESS INDICATION message to provide the DRB Level data forwarding DL TNL Information.
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