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Introduction
RAN2 #112e meeting has made several agreements related to NR small data transmission.
	Agreements:
1   For small data, for RACH and CG based solutions when the UE receives RRC release with Suspend config, the UE at least performs the following actions (i.e. same action as in legacy): 
-	MAC is reset and default MAC cell group configuration is released 
-	RLC entities for SRB1 are re-established 
-	SRBs and DRBs are suspended except SRB0
NOTE: SDT termination will be discussed with later papers
2	For both RACH and CG based solutions, upon initiating RESUME procedure for SDT initiation (i.e. for first SDT transmission), the UE shall re-establish at least the SDT PDCP entities and resume the SDT DRBs that are configured for small data transmission (along with the SRB1). FFS for non-SDT DRBs. FFS on implicit vs. explicit.  FFS on whether we a new Resume cause.  FFS on whether we need to deal with suppressing PDCP status report 
3  	The first UL message (i.e. MSG3 for 4-step RACH, MSGA payload for 2-step RACH and the CG transmission for CG) may contain at least the following contents (depending on the size of the message):
-	CCCH message (needs to be included)
LCP can be used to determine to priority of the content below that may be included
-	DRB data from one or more DRBs which are configured by the network for small data transmission 
-	MAC CEs – (e.g. BSR).  FFS other MAC CEs 
-	Padding bits
	FFS if we need to ensure that SDT data only is included.  Depends on whether the UE initiates legacy/normal resume 
4	For RACH and CG, the existing UAC procedure to determine whether access attempt is allowed, will be reused for SDT.
5	SDT is transparent to NAS layer (i.e. NAS generates one of the existing resume causes and AS decides SDT vs non-SDT access)
6 	In case of RRC-based solution, for both RACH and CG based solutions, the CCCH message contains ResumeMAC-I generated using the stored security key for RRC integrity protection – i.e same as Rel-16.
7    For both RACH and CG based solutions, new keys are generated using the stored security context and the NCC value received in the previous RRCRelease message (i.e. same as legacy procedure) and these new keys are used for generating the data of DRBs that are configured for SDT.
8	For RACH based solutions, upon successful completion of contention resolution, the UE shall monitor the C-RNTI. 
9	Determine if RAN1 LS is needed later – current list of possible questions input on the coreset/search space for the C-RNTI (i.e. is it common or dedicated)
10:  As a baseline, the RACH resource i.e. (RO+preamble combination) is different between SDT and non-SDT 
-	If ROs for SDT and non SDT are different, preamble partitioning between SDT and non SDT is not needed.
-	If ROs for SDT and non SDT are same, preamble partitioning is needed
FFS if common configuration should be allowed
11:	If the RACH resource i.e. (RO+preamble combination) is different between SDT and non-SDT then there is no further need for any differentiation between MSG2/MSGB for SDT vs non-SDT


RAN2 #113e meeting further made following agreements related to RACH based small data transmission.
Agreements
1	For RA-SDT, up to two preamble groups (corresponding to two different payload sizes for MSGA/MSG3) may be configured by the network
4	If RACH procedure is initiated for SDT (i.e. RA-SDT initiated), the UE first performs RACH type selection as specified in MAC (i.e. Rel-16). FFS whether threshold is SDT specific or not

Agreements:
1. RAN2 continues to progress the work based the separate RACH resources for SDT (i.e. explicit mechanisms to support common resources won’t be pursued unless there is sufficient support for this. However, use of common RACH resources will not be precluded if possible via implementation
2. RAN2 design assumes that RRCRelease message is sent at the end to terminate the SDT procedure from RRC point of view.   The RRCRelease sent at the end of the SDT may contain the CG resource (as per previous agreement).   Write an LS to SA3 to explain SDT procedure and agreement.
3. The UE behaviour for handling of non-SDT data arrival after sending the first UL data packet is fully specified (i.e. not left to UE implementation)
4. FFS RAN2 will consider the additional option of using DCCH message to indicate arrival of non-SDT data (details to be discussed).  Discussion will continue on all three options.
5. FFS: RSRP threshold to select between SDT and non-SDT procedure. 
6. FFS also whether this RSRP threshold to select between SDT and non-SDT procedure is used for CG-SDT, RA-SDT, or both and whether the RSRP threshold is the same for CG-SDT and RA-SDT. FFS when the RSRP threshold check is made
7. FFS If both carriers can be selected and CG resources are available on one carrier only, does the UE select the carrier with CG?
8. For SDT, UE performs UL carrier selection (i.e. if SUL is configured in the cell, UL carrier selected based on RSRP threshold).  FFS whether the RSRP threshold for carrier selection is specific to SDT)
9. If CG-SDT resources are configured on the selected UL carrier and are valid, then CG-SDT is chosen.  Otherwise,
•	 If 2 step RA-SDT resources are configured on the UL carrier and criteria to select 2 step RA SDT is met, then 2 step RA-SDT is chosen
•	else If 4 step RA-SDT resources are configured on the UL carrier and criteria to select 4 step RA SDT is met, then 4 step RA-SDT is chosen
•	else UE does not perform SDT (i.e. perform non-SDT resume procedure) 
•	 If both 2 step RA-SDT and 4 step RA-SDT resources are configured on the UL carrier, RA type selection is performed based on RSRP threshold. 
   FFS whether RSRP threshold for RA type selection is common or different for SDT and non SDT.
   FFS what validity includes if we need to deal with CG resource availability delay?

In this paper, we would like to discuss more details specific to the RACH based small data transmission and provide our view.

Discussion
Context fetch with and without anchor relocation
With anchor relocation
For anchor relocation, the UE resumes from RRC_INACTIVE. The serving gNB, if able to resolve the gNB identity contained in the I-RNTI, should send the Retrieve UE Context Request to the anchor gNB and the anchor gNB feed back to the serving gNB with the Retrieve UE Context Response to provide the UE AS context, and keeps the UE in the RRC_INACTIVE. 
The first uplink small data is security protected with the same key as resumeMAC-I, which could be transferred to anchor gNB for deciphering. If UE is verified successfully by anchor gNB, the anchor gNB delivers the uplink small data to 5GC. The UE context relocation is performed subsequently. In our understanding, the first uplink small data does not need to be stored in the serving gNB to wait for the UE context retrieval response, which causes unnecessary latency.
The path switch procedure is performed and the new N3 tunnel is built from serving gNB to UPF. After context retrieval to serving gNB, serving gNB sends UE the RRCRelease message with suspendConfig indication. When downlink data is arrived at UPF, the data can be forwarded to the serving gNB directly and transmitted to UE along with RRCRelease message. The subsequent uplink data transmission, if any, should be transmitted through serving gNB after anchor relocation.
Basically, the RNA update procedure with UE context relocation could be reused in principle for the RACH based SDT with anchor relocation case.
Figure 1 shows an example on uplink small data transmission with anchor relocation.
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Figure 1 UL small data transmission with anchor relocation
Proposal 1: The RNA update procedure with UE context relocation could be reused in principle for the RACH based SDT with anchor relocation case.
Without anchor relocation
For without anchor relocation, the UE context is stored in the anchor gNB. In general, the user data has to be forwarded to the anchor gNB for decoding if the UE context is not relocated to the serving gNB. 
In the RAN2 #112e meeting, it has been confirmed that RLC configuration used for SDT is based on UE stored configuration. It should also be noted that the RAN2 LS [1] to RAN3 states that “RAN2 assumption is that the RLC PDU will be processed in the receiving gNB”. We think it is only an assumption by RAN2 and assume this assumption is not a formal RAN2 agreement. The decision impacts on both RAN2 and RAN3.
Since UE small data transmission should also support subsequent data transfer, there should be a solution to forward uplink/downlink data from/to serving gNB under without anchor relocation scenario. The procedure will be a little more complicated than the anchor relocation scenario. In our views, at least two options could be considered in this context.
· Option 1: UE-specific RLC configuration is provided and RLC layer is temporarily relocated.
This option is based on the RAN2 assumption that RLC PDU will be processed in the receiving gNB. In this option, the first uplink data has to be stored in the serving gNB waiting for the UE-specific RLC configuration to be temporarily relocated. Then PDCP PDUs are forwarded in Xn tunnels. 
In fact, this option violates the intention of ‘without anchor relocation’. The procedure actually has to retrieve at least parts of UE context (i.e. RLC configuration) through the Retrieve UE Context Message so that the serving gNB is able to establish RLC entity to decode the RLC PDU.
This option causes additional latency to decode the first packet and unnecessary signaling overhead which is quite inefficient especially if the case is that UE’s uplink traffic is only one single small packet. The whole flow should also consider combining with non-relocation of full UE context which currently is possible contained in the Retrieve UE context Failure message. Such changes may have potential big impacts on the Xn signaling and should be discussed and decided in RAN3.  
Observation 1: The scheme of relocating UE-specific RLC configuration causes additional latency to decode the first packet and unnecessary signaling overhead especially if the case is that UE’s uplink traffic is only one single small packet. 
· Option 2: No UE context relocation. The first uplink small data needs to be forwarded from serving gNB to anchor gNB.
This option does not require to change the context retrieval message which is a real ‘without anchor relocation’ solution. The impact is that this option should resolve how to handle the definition of transport means for the RLC PDUs. Considering the nature of ‘small data’, a possible solution would consist of not setting up user plane explicitly, and instead transport RLC PDUs as octet strings in the control plane. Hence the RLC PDU can be piggybacked on the Retrieve UE Context Request message.
On the other hand, option 2 may have some drawbacks in disaggregated RAN scenarios, because the anchor’s DU would need to be involved, thereby increasing the overall user plane latency. However, there should be no issue for the aggregated RAN deployments and option 1 actually causes additional latency to decode the first uplink RLC PDU due to temporarily fetching RLC configuration from the anchor gNB. 
Observation 2: The scheme of forwarding the first uplink small data from serving gNB to anchor gNB is simpler and has less signaling overhead.
Taking into the above analysis into account, it is desirable to forward at least the first RLC PDU to the anchor gNB and let anchor gNB to make decision on whether relocate the RLC configuration to the serving gNB. 
The possible procedure is that once the serving gNB receives the first uplink data, the serving gNB could send the Retrieve UE context Request message along with the assistance information and RLC PDU via Xn to the anchor gNB. The assistance information provides the information to anchor gNB on whether the user traffic is one single packet or more data are expected. If there is only one single packet, anchor gNB can process this first uplink data directly and send back the Retrieve UE context Failure message including RRC release message. If the case is more uplink data expected, anchor gNB uses Xn-U indication to provide the UE-specific RLC configuration which implicitly means that the first uplink packet is not processed in the anchor gNB. The subsequent data could be processed at serving gNB once the serving gNB acquires the RLC configuration and establishes the RLC entity. The detailed procedure can be up to RAN3 to study.
Thus, we have the following proposal.
Proposal 2: RLC PDU can be piggybacked on the Retrieve UE Context Request message. It can be up to RAN3 to decide the details.
It is anchor gNB’s responsibility to decide whether to forward the UE context to the serving gNB or not. If anchor gNB decides to keep the UE context in itself, it responds to the serving gNB with the Retrieve UE Context Failure message including an encapsulated RRC Release message. Then the serving gNB forwards the RRC Release message to the UE. The RRC Release message includes the suspendConfig indication.
Proposal 3: The anchor gNB decides whether to forward the UE context or not to the serving gNB for UE uplink small data transfer in RRC_INACTIVE.
The UE assistance information (or CG resource request message) is introduced in [2], which could be sent together with CCCH message as well as the user data in MSGA or Msg3. The serving gNB forwards the assistance information to the anchor gNB which could help the anchor gNB to decide whether to relocate UE context and determine whether to transit the UE RRC state. 
Observation 3: It is beneficial for the anchor gNB to decide the UE context relocation and UE RRC state transition based on the assistance information. 
Proposal 4: The Retrieve UE Context Request message contains the assistance information provided by the serving gNB. It can be up to RAN3 to decide the details.

RACH monitoring enhancement for SDT
For RACH based SDT, when RACH is performed, a significant amount of power is spent on monitoring the response messages. The UE has to check PDCCH every slot whether there is a response to its transmission (Msg2/Msg4 in 4-step RACH) and msgB in 2-step RACH.
For regular UEs and traffic, such power consumption is not an important issue considering the overall activity. However, for IoT type devices (i.e. RedCap UE), the above power can dominate their overall consumption. This is especially the case when “small data” transmission is used, where the UE occasionally sends a small amount of data and goes back to sleep (e.g. sensors, meters). 
Since the SDT and non-SDT users will be configured with different RACH resources, network distinguishes SDT users by detecting the RACH occasions and partitioned preambles. When network detects the SDT users successfully and receives the small data, network needs more time to decode user data due to the larger payload size of user data compared to the CCCH message. Furthermore, considering fetching UE-specific RLC configuration to decode the first user data in the serving gNB, it should give network more flexibility to take more time to response to SDT users.
Observation 4: Network needs more time to decode user data contained in MSGA/Msg3 than the legacy RACH users.
In addition, since network has to require additional time to fetch the RLC configuration from the anchor gNB and to decode the potential larger payload size, it is beneficial to allow UE starting a little late to monitor the network response for saving UE power. The duration of the response window could be also be limited which could be different from the one configured for the legacy RACH user. The network could determine the different monitoring time for the SDT users based on detecting the different RACH occasions and partitioned preambles. 
Observation 5: It is beneficial for saving UE power if UE could start a little late to monitor the network response within a shorter response window.
Meanwhile, Rel-17 NTN study has already agreed to have an offset to be applied to the start of RAR response window as well as to the start of contention resolution timer for NTN scenarios, which is needed due to the large latency to the satellites. Since it is similar to the small data handling by network, we believe a common solution could be introduced. Thus, we have the following proposal.
Proposal 5: An offset should be introduced for the start of the response window which applies to RACH based small data transmission. 
Proposal 6: A different monitor/response window timer should be introduced which applies to RACH based small data transmission.

Switching between RACH based SDT schemes and normal RACH procedure
In current 2-step RACH procedure, network indicates UE to fallback to retransmit MSGA payload if only preamble is decoded successfully while payload is not. If UE does not receive any response after transmits MSGA or the contention resolution is still not successful after MSGA payload retransmission in Msg3, UE has chance to go back to reattempt 2-step RACH by MSGA retransmission. For 4-step RACH procedure, if contention resolution is not successful, UE should go back to Msg1 to reattempt RACH. 
For RACH based small data transfer, the user uplink data can be transmitted in MSGA or Msg3 if certain criteria are met, i.e. data volume threshold. Given the relative larger size of user data (compared to the CCCH message) and unpredicted interference in the contention based PUSCH resource in MSGA or Msg3, it is possible that it is still difficult to decode the user’s data even after a certain number of payload retransmission in 2-step or 4-step RACH procedure.
Observation 6: It may be still difficult to decode the user data for network even after a number of payload retransmission in 2-step or 4-step RACH procedure.
Furthermore, the retransmitted MSGA payload or Msg3 including user data in the contention PUSCH may cause potential large interference to the legacy RACH users or other small data users. UE will endure a large latency for user data transferring during MSGA or Msg3 retransmission which obviously wastes radio resource and user power which is obviously inefficient.
Observation 7: It is inefficient for MSGA or Msg3 retransmission including user data with the same number of attempts of regular RACH. 
In that sense, a fallback mechanism should be introduced to allow UE fallback from SDT to legacy RACH procedure. Basically, after a number of RACH attempts including user small data, if RACH procedure is still not successful, UE should be allowed to fallback to finish the legacy RRC resume procedure first, and then transmit data in RRC_CONNECTED.
Proposal 7: Fallback mechanism from small data transmission procedure to legacy RRC resume procedure should be supported.
A simple solution is to introduce a new counter threshold or timer for MSGA/Msg1 retransmission for SDT case. In regular RACH procedure, several parameters are configured for UE to control the RACH reattempts, such as the maximum value of MSGA retransmission or maximum value of preamble transmission. When the number of retransmissions reaches the configured maximum value, UE is expected to switch to another type of RACH or report failure. 
For the RACH based SDT procedure, a smaller maximum number of retransmission counter or timer can control UE to stop performing the small data transfer in time. This can help to avoid the waste of radio resources of the failed user data retransmission in RACH procedure, especially when network can not provide any response during SDT procedure. Thus, if UE has already performed the user data transmission with the newly configured counter or timer, UE should fallback to finish the RRC resume procedure first and transmit the data after the legacy RRC resume procedure is finished.
Proposal 8: A new counter threshold or timer for MSGA/Msg1 retransmission is introduced for RACH based small data transmission.
Meanwhile, it is also possible for network to send an explicit indication to switch UE from SDT procedure to non-SDT procedure if network decides to do it. For example, network may indicate a flag in RAR of 4-step RACH to disallow UE sending user data in Msg3. Then when UE receives the Msg2 with such indication, UE falls back to legacy RRC Resume procedure.
Proposal 9: Network sends an indication to switch UE from RACH based small data transmission to legacy RRC Resume procedure.

Conclusion
We have the following observations:
Observation 1: The scheme of relocating UE-specific RLC configuration causes additional latency to decode the first packet and unnecessary signaling overhead especially if the case is that UE’s uplink traffic is only single small packet.
Observation 2: The scheme of forwarding the first uplink small data from serving gNB to anchor gNB is simpler and has less signaling overhead.
Observation 3: It is beneficial for the anchor gNB to decide the UE context relocation and UE RRC state transition based on the assistance information. 
Observation 4: Network needs more time to decode user data contained in MSGA/Msg3 than the legacy RACH users.
Observation 5: It is beneficial for saving UE power if UE could start a little late to monitor the network response within a shorter response window.
Observation 6: It may be still difficult to decode the user data for network even after a number of payload retransmission in 2-step or 4-step RACH procedure.
Observation 7: It is inefficient for MSGA or Msg3 retransmission including user data with the same number of attempts of regular RACH. 

We’d recommend RAN2 to discuss and adopt the following proposals:
Proposal 1: The RNA update procedure with UE context relocation could be reused in principle for the RACH based SDT with anchor relocation case.
Proposal 2: RLC PDU can be piggybacked on the Retrieve UE Context Request message. It can be up to RAN3 to decide the details.
Proposal 3: The anchor gNB decides whether to forward the UE context or not to the serving gNB for UE uplink small data transfer in RRC_INACTIVE.
Proposal 4: The Retrieve UE Context Request message contains the assistance information provided by the serving gNB. It can be up to RAN3 to decide the details.
Proposal 5: An offset should be introduced for the start of the response window which applies to RACH based small data transmission. 
Proposal 6: A different monitor/response window timer should be introduced which applies to RACH based small data transmission.
Proposal 7: Fallback mechanism from small data transmission procedure to legacy RRC resume procedure should be supported.
Proposal 8: A new counter threshold or timer for MSGA/Msg1 retransmission is introduced for RACH based small data transmission.
Proposal 9: Network sends an indication to switch UE from RACH based small data transmission to legacy RRC Resume procedure.

References
[1] [bookmark: _Hlk37360549]R2-2010839, LS to RAN3 on small data transmission, Ericsson.
[2] R2-2103431, Discussion on control plane common aspects of NR small data transmission, Qualcomm.

Annex

2
image1.emf
UE

Serving gNB

MSG 1 (Preamble)

MSG 2 (Response)

MSG 3 (RRC resume request + UL small data + 

BSR MAC CE + UE assistance information

 

)

RRC_INACTIVE

MSG 4 (contention resolution)

RRC release (with Suspend Config)

Subsequent 

data 

transmission 

phase (UL/DL)

DL response data

SDT procedure ends and UE stays in INACTIVE state

UPF

Retrieve UE context Req. + UL small 

data + UE assistance information

Anchor gNB

UL data

Retrieve UE context Rsp.

Path switch procedure

UL data

UL data

DL response data


