
3GPP TSG-RAN WG2 Meeting #121bis-e	      							R2-2303550

Electronic meeting, 17th – 26th Apr., 2023

Agenda item:	7.4.2.1
Source: 	Huawei, HiSilicon
Title: 	RACH-less cell switch (inter-DU issues, RAR options from R1 LS) and L1 measurement configuration
Document for:	Discussion and Decision
1. Introduction
L1/L2-triggered mobility (LTM) aims at reducing the latency during cell switch [1]. RACH-less cell switch is one essential technology that helps to reduce the handover latency. In this contribution, we analyse how to achieve RACH-less LTM cell switch. 
2. Discussion
In the legacy L3 handover in NR, the UE performs RACH during cell switch. Through the RACH procedure, the UE gets the TA towards the target cell, gets the UL grant of the target cell and completes beam alignment with the target cell. Therefore, to enable RACH-less cell switch for LTM, three aspects need to be considered: 1) target cell TA acquisition, 2) target cell UL grant acquisition, and 3) beam alignment between the UE and the target cell.
2.1 UL grant & beam alignment issues and concerns to inter-DU
In RACH-less procedure, the UE needs to send a UL message to let the target cell/DU know that this UE is coming. So a UL grant should be provided to the UE, either as a configured grant or a dynamic grant. In addition, beam alignment between the UE and the target cell/DU should be completed for delivering this UL message successfully.
Configured grant & beam alignment
The configured grant can be provided to the UE in the candidate cell pre-configuration phase. After the UE receives LTM MAC CE, the UE uses the CG resources for UL transmission to the target cell. Since a beam indication can be included in the LTM MAC CE for RACH-less LTM, the UE knows to use which beam to send a UL message. In intra-DU case, the target cell knows from which beam direction it should receive the UL message. However, in inter-DU case, the target cell/DU does not know from which beam direction. One way is that the source DU notifies the beam to the target DU, however, this F1AP signalling increases the interruption time. Generally, the F1AP coordination immediately before/after sending LTM MAC CE should be avoided in RACH-less LTM, in order to have less interruption.
Observation 1: F1AP coordination (e.g. about the target beam and UL grant) immediately before/after sending LTM cell switch command should be avoided in RACH-less LTM.
Another way is that the CG occasions are associated with beams, which is similar with Rel-17 CG-SDT configuration. The UE selects a CG occasion associated with the indicated beam in the LTM MAC CE, and the target cell/DU receives data from the CG occasion with the associated beam. This may also delaye UE access to the target cell, because the UE may wait for a certain CG occasion which is associated with the indicated beam. For instance, if the CG occasion #1 is associated with SSB #1 and the CG occasion #2 is associated with SSB #2, when the UE is indicated to use SSB #2 (TCI State) to send the UL message to the target cell, the UE needs to send this message in CG occasion #2, instead of just picking the earliest CG occasion.
Proposal 1a: Discuss the delay caused by the CG occasion interval, if the configured grant solution is used for inter-DU RACH-less: 
· For the first UL data transmission to the target cell, the UE selects the configured grant occasion, which is associated with the beam indicated in the LTM MAC CE (as set by source cell), similar to the CG-SDT configuration for beam association.
Dynamic grant & beam alignment
As for dynamic grant, in inter-DU case, the dynamic grant is provided by the target cell/DU PDCCH scheduling, this requires the source DU to notify the target DU that the UE is going to switch to the target cell. In addition, a beam direction is informed to the target DU as well. This F1 notification causes additional delay (maybe ~10ms in some deployment scenarios by source DU to CU via 5ms plus CU to target DU via another 5ms). This is a F1 interaction immediately after sending LTM MAC CE, which should be avoided. Then the target DU needs wait for a PDCCH occasion (depends on search space configuration) to send a PDCCH.
Proposal 1b: Discuss the F1AP coordination delay for the dynamic grant solution for inter-DU RACH-less: 
· For the first UL data transmission to the target cell, the UE monitors PDCCH for dynamic scheduling from the target cell. And upon cell switch decision, the source DU informs the target DU about the selected beam so that the target DU can start scheduling dynamic UL grant. 
· This may cause extra F1AP delay (up to 10ms) to the LTM procedure.
Based on the above analysis, the extra delay in inter-DU case may let the RACH-less lose its benefit of latency reduction. Therefore, whether to support inter-DU RACH-less LTM depends on the solution and its extra delay. If extra delay is expected and not acceptable, then inter-DU RACH-less LTM may not be supported.
Proposal 2: Unless RAN2 concludes the solution for UL grant allocation and beam indication without extra LTM delay, inter-DU RACH-less cell switch is not supported for LTM.
2.2 General principle for RACH-less
In Rel-18 NR, RACH-less are discussed not only in LTM, but also in NTN and mobile IAB. In RAN2 #121 meeting, RACH-less was supported in NTN, as shown in the extracted agreements below. 
	Agreements:
1.	Support RACH-less Handover in Rel-18.
2.	RACH-less Handover in NR NTN is a L3 mobility procedure (FFS if this is combined with the unchanged PCI approach, if supported) and uses the LTE’s RACH-less Handover procedure as a baseline. FFS on TA acquisition
3.	In NTN RACH-less handover, network indicates (implicitly or explicitly) whether NTA in the target cell is identical to the source cell or explicitly provided by the NW.
4.	Support dynamic grant from the target cell for RACH-less PUSCH transmission to reduce random access congestion in the target cell. FFS whether to limit the solution to same feeder link/gateway scenario


In mobile IAB, following is the RAN2 agreement
	R2 assumes RACH-less procedure may be considered for on-board RRC_CONNECTED UEs, which are to be handed over together with the mobile IAB-node (would depend also on the assumptions for UL synch).


In the discussion of RACH-less LTM, RAN2 can consider the progress of other WIs to see whether there is something could be in common for different WIs, in order to avoid duplicated discussion leading to different design. For example, the LTM completion determination can be common among those 3 features.
Proposal 3: In the design for RACH-less LTM solution, RAN2 should avoid unnecessary different design or duplicated discussion, which could be common with RACH-less L3 HO in NR NTN WI and mobile IAB WI.
2.3 RAR options for TA acquisition (RAN1 LS)
RAN1 agreed that PDCCH ordered RACH for target cell TA acquisition is supported before LTM cell switch. RAN1 discussed whether RAR is needed and sent a LS [2] to RAN2 to ask the feasibility of different options.
	Regarding the configuration/indication of RAR reception for PDCCH ordered-RACH, RAN1 achieved the following agreement

For PDCCH ordered-RACH for candidate cell(s), RAR reception can be configured/indicated
· If reception of RAR is not configured/indicated (without RAR)
· TA value of candidate cell is indicated in cell switch command
· FFS: whether UE should re-transmit PRACH when reception of RAR is not configured/indicated
· FFS: how UE determine the transmit power of subsequent PRACH triggered by PDCCH order
· If reception of RAR is configured/indicated (with RAR), FFS
· whether RAR is received from serving cell or candidate cell
· if RAR is received from candidate cell, whether Type1-PDCCH CSS of the candidate cell is configured to the UE
· content of RAR
· FFS: signaling for configuration/indication of whether RAR needs to be received
· UE can report the support combination of with RAR only and without RAR only, where support of one default scheme is the baseline UE approach for LTM
· Send LS to RAN2 and RAN3 to check the feasibility about this agreement
· Note: Definition of candidate cells is up to RAN2
 
As the feasibility of schemes included in the agreement above is related to the designs of RAN2 and RAN3, RAN 1 respectfully asks RAN2 and RAN3 to check the feasibility and potential impact on specs of RAN2 and RAN 3 of all options, i.e. with RAR (from serving or candidate cell) and without RAR, in this agreement.


There are three options on the table: 1) RAR from the serving cell, 2) RAR from a candidate cell, and 3) without RAR. From early TA acquisition point of view, all options are feasible. However, from RAN2 perspective, the UE uses this TA only upon the UE switches to the target cell, so providing the TA in the LTM MAC CE is a good time point. This case is corresponding to the agreed scenario (Scenario 2) of RAN1’s discussion, i.e., beam indication together with cell switch command, see extracted RAN1 agreements below. In Scenario 2, providing TA in RAR to the UE before cell switch seems not that useful. We notice that RAN1 still consider it as FFS on another scenario (Scenario 1): beam indication before cell switch command. The intention of Scenario 1 could be that the UE used the beam of another cell to do data transfer before cell switch. In this case, the RAR method seems useful.
	Agreement in RAN1 #111
· For beam indication timing for Rel-18 LTM, 
· Support Scenario 2: Beam indication together with cell switch command, 
· For Rel-17 unified TCI framework, 
· Beam indication indicates TCI state for each target serving cell
· FFS: Scenario 1: Beam indication before cell switch command
· FFS: Scenario 3: Beam indication after cell switch command
FFS: Activation of TCI state(s) of target serving and/or candidate cell(s).


Observation 2: All the options are feasible for TA acquisition from RAN2 perspective: RAR from the serving cell, RAR from a candidate cell and without RAR.
Observation 3: Sending RAR before cell switch seems only useful in the RAN1 FFS scenario (i.e., Scenario 1: Beam indication before cell switch command) where the UE needs to know the TA before cell switch. But it may be not necessary in the agreed scenario (i.e., Scenario 2: Beam indication together with cell switch command).
Regarding the “with RAR” methods, if the UE receives the RAR from a candidate cell, it means the UE needs to monitor the DCI and receive the corresponding RAR MAC PDU from this candidate cell. During the RAR reception period, the UE may not be able to transfer data with the serving cell, e.g., in the inter-frequency case. Therefore, the RAR from a candidate cell method may cause additional interruption to the current serving cell, which is not desirable. In the RAN1 LS, it mentions about “support of one default scheme is the baseline UE approach for LTM”. From the additional serving cell interruption point of view, the option with RAR from candidate cell should not be the default scheme, and the interruption should be further evaluated in RAN1 and RAN4.
Observation 4: The option with RAR from candidate cell may cause interruption at serving cell, where the interruption is not the RAN2 preference.
Note that this LS from RAN1 is for PDCCH-ordered RACH for candidate cell TA acquisition in LTM. This is normally used when the network and the UE do not have the TA information for a candidate cell. So, it is different from some cases in which the network or the UE already has the TA information, e.g., the CA cell swap case in LTM, and the inter-cell mTRP case in Rel-18 MIMO. Even though there is PDCCH order for legacy SCell TA acquisition or for the second TA of the additional TRP, we should discuss this PDCCH-ordered RACH for candidate cell TA acquisition separately, because the applicable scenarios are different. For instance, we do not expect the UE has to perform inter-cell mTRP and then perform LTM cell switch to this additional TRP with different PCI.
Observation 5: The LS (R1-2302194) is about “PDCCH ordered-RACH for candidate cell(s)”, not including the scenario of CA cell swap in LTM and multi-TRP in R18 MIMO, which will be discussed separately.
According to the above observations, RAN2 can reply the LS with these key points.
Proposal 4: RAN2 reply to RAN1 on the RAR options of PDCCH ordered-RACH TA acquisition, as following: 
· From RAN2 perspective, “sending RAR before cell switch” seems only useful in the RAN1 FFS scenario (i.e., Scenario 1: Beam indication before cell switch command) where the UE may need to know the TA before cell switch. However, it may be not necessary in the agreed scenario (i.e., Scenario 2: Beam indication together with cell switch command).
· The option with “RAR from candidate cell” may cause interruption at serving cell, where the interruption is not the RAN2 preference.
· This option should not be the default feature of UE capability.
· RAN2 ask RAN1/RAN4 to evaluate the interruption caused by receiving RAR from candidate cell and the required UE capability to avoid interruption, including intra- and inter-frequency cases.
· In general, those options are feasible from the network side.
· Note: RAN2 understands the RAN1 LS is about “PDCCH ordered-RACH for candidate cell(s)”, not covering the scenarios of cell swap in LTM and multi-TRP in R18 MIMO, which will be discussed separately. 
2.4 RA resource configuration for PDCCH ordered early RACH
As for the RA resource for PDCCH-ordered RACH for candidate cell, RAN2 needs to consider the design of the RRC configuration according to the following RAN1 agreement.
	Agreement in RAN1 #111
For PDCCH ordered RACH in LTM, at least the following enhancements are supported
· Introduce indication of candidate cell and/or RO of candidate cell in DCI
· configuration of RACH resource for candidate cell(s) is provided prior to the PDCCH order
· FFS: whether/how to transmit RAR

Agreement in RAN1 #112
For Rel-18 LTM, Random Access Preamble indices and indication of RACH occasions with the associated SSB indices are configured for each candidate cell. 
Note: the detailed signalling is left to RAN2


RAN2 discussed whether the UE needs to decode the ASN.1 of the candidate cell before receiving the LTM MAC CE, and there is no agreement for now. It is very likely that it is up to the UE implementation to do the decoding before or after receiving the LTM MAC CE. When designing the candidate cell configuration, RAN2 should keep in mind that there are UEs not decoding ASN.1 of candidate cells. Therefore, the RA configuration of candidate cells should be put at a level which is outside the candidate cell configuration. There are cell-level RACH configurations (e.g., RACH-ConfigCommon) of candidate cells whose contents are usually not changed when the UE switches from one cell to another. Therefore, it seems unnecessary to put candidate cell RACH configuration inside the UE’s current serving cell configuration, in order to avoid duplicate configurations. One configuration example is shown below.
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Figure 1. An example of RACH configuration of candidate cells
Proposal 5: The RACH configuration for a candidate cell early TA acquisition should be configured as part of the source cell RRC configuration (outside the candidate cell config).
2.5 L1 measurement configuration options from RAN1 LS
In order to indicate a target beam for target cell to the UE, the source DU needs the L1 measurement results from the UE to makes the target cell and target beam selection. And the UE needs the corresponding L1 measurement configurations. In the RAN1 LS [2], there are three options as shown in the agreements below.
	RAN1 has discussed the following configuration options for L1 measurement configurations for SSB till RAN1#112: 
· Option 1) Configurations for L1 measurement RS is provided under ServingCellConfig for the serving cells
· is useful to reuses the mechanism for Rel-17 ICBM and necessary information to support inter-frequency measurement will be added there.
· Option 2) Configurations for L1 measurement RS is provided separately from ServingCellConfig for the serving cells and CellGroupConfig for the candidate cells
· is useful to avoid the duplicated configurations for L1 measurement RSs, [and avoid UE to process configurations for L1 measurement RS provided under CellGroupConfig for the candidate cells]
· Option 3) Configurations for L1 measurement RS is provided under CellGroupConfig for the candidate cells
· can achieve the similar benefit as Option 2) by directly referring to the candidate cell configurations. 

RAN1 believes this is a RAN2 expert region, and respectfully asks RAN2 to finalize the RRC structure design for LTM L1 measurement configurations. It is noted that RAN2 has a full flexibility to design the whole RRC structure design, and RAN1 foresees the necessity of similar discussions on TCI state pool for candidate cells and L1 measurement report configurations.

Note: CellGroupConfig above is the RAN1 assumption of the LTM RRC model for each candidate cell configuration as of the RAN1 discussion.


In option 3, the UE needs to decode and may apply the candidate cell configuration before receiving the LTM MAC CE. However, according to our analysis in section 2.4, ASN.1 decoding for candidate cells before receiving the LTM MAC CE is not required for the UE. Therefore, option 3 is not suitable for candidate cell L1 measurement configuration.
Observation 6: UE is not required to decode/apply the candidate configuration before LTM cell switch, which means option 3 is not suitable.
Regarding option 1 and option 2, they do not require the UE to decode/apply the configurations inside the candidate cell configuration. We use the figure below to show the main difference when the UE is configured with periodic L1 report over PUCCH. Option 2 avoids duplicate configuration for L1 RS configurations, which helps to save RRC signalling overhead. Option 1 has some RRC signalling overhead, but the design could be easier since it re-uses the legacy inter-cell L1 measurement configuration framework. RAN2 can further choose one option from option 1 and option 2 on the detailed RRC signalling design.
Proposal 6: L1 measurement RS is part of the current UE configuration (i.e. not within each candidate cell configuration and option 3 from RAN1 is excluded). RAN2 can further study how to configure L1 RS of neighbour cells between options 1/2 from RAN1.
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Figure 2. An example of L1 measurement configuration with report over PUCCH
2.6 LTM configuration index determination
RAN2 assumes that a candidate configuration index should be contained in the LTM MAC CE. Since the LTM MAC CE is generated by the source DU/cell, the source DU/cell needs to understand the relationship between the candidate cell RS ID and the candidate configuration index. Because, the source DU/cell needs to read the L1 report, then finds a good target cell and target beam by the report content, and finally determines the target configuration index. As for how the source DU/cell know this relationship, it is up to RAN3’s discussion.
	RAN2 assumes the MAC CE for L1/2 mobility trigger contains at least a candidate configuration index. 


Observation 7: The source cell needs to know the corresponding LTM configuration index for the target cell, so that it can determine the index to be included in the LTM Command MAC CE based on the L1 measurement result.
[bookmark: _GoBack]Proposal 7: The source DU/cell should know the LTM configuration index for each candidate cell (or its RS ID). RAN3 can design the necessary signalling on F1AP.

3. Conclusion
In this contribution, we have the following proposals:
Observation 1: F1AP coordination (e.g. about the target beam and UL grant) immediately before/after sending LTM cell switch command should be avoided in RACH-less LTM.
Observation 2: All the options are feasible for TA acquisition from RAN2 perspective: RAR from the serving cell, RAR from a candidate cell and without RAR.
Observation 3: Sending RAR before cell switch seems only useful in the RAN1 FFS scenario (i.e., Scenario 1: Beam indication before cell switch command) where the UE needs to know the TA before cell switch. But it may be not necessary in the agreed scenario (i.e., Scenario 2: Beam indication together with cell switch command).
Observation 4: The option with RAR from candidate cell may cause interruption at serving cell, where the interruption is not the RAN2 preference.
Observation 5: The LS (R1-2302194) is about “PDCCH ordered-RACH for candidate cell(s)”, not including the scenario of CA cell swap in LTM and multi-TRP in R18 MIMO, which will be discussed separately.
Observation 6: UE is not required to decode/apply the candidate configuration before LTM cell switch, which means option 3 is not suitable.
Observation 7: The source cell needs to know the corresponding LTM configuration index for the target cell, so that it can determine the index to be included in the LTM Command MAC CE based on the L1 measurement result.

UL grant & beam alignment issues and concerns to inter-DU
Proposal 1a: Discuss the delay caused by the CG occasion interval, if the configured grant solution is used for inter-DU RACH-less: 
· For the first UL data transmission to the target cell, the UE selects the configured grant occasion, which is associated with the beam indicated in the LTM MAC CE (as set by source cell), similar to the CG-SDT configuration for beam association.
Proposal 1b: Discuss the F1AP coordination delay for the dynamic grant solution for inter-DU RACH-less: 
· For the first UL data transmission to the target cell, the UE monitors PDCCH for dynamic scheduling from the target cell. And upon cell switch decision, the source DU informs the target DU about the selected beam so that the target DU can start scheduling dynamic UL grant. 
· This may cause extra F1AP delay (up to 10ms) to the LTM procedure.
Proposal 2: Unless RAN2 concludes the solution for UL grant allocation and beam indication without extra LTM delay, inter-DU RACH-less cell switch is not supported for LTM.
General principle for RACH-less
Proposal 3: In the design for RACH-less LTM solution, RAN2 should avoid unnecessary different design or duplicated discussion, which could be common with RACH-less L3 HO in NR NTN WI and mobile IAB WI.
RAR options for TA acquisition (RAN1 LS)
Proposal 4: RAN2 reply to RAN1 on the RAR options of PDCCH ordered-RACH TA acquisition, as following: 
· From RAN2 perspective, “sending RAR before cell switch” seems only useful in the RAN1 FFS scenario (i.e., Scenario 1: Beam indication before cell switch command) where the UE may need to know the TA before cell switch. However, it may be not necessary in the agreed scenario (i.e., Scenario 2: Beam indication together with cell switch command).
· The option with “RAR from candidate cell” may cause interruption at serving cell, where the interruption is not the RAN2 preference.
· This option should not be the default feature of UE capability.
· RAN2 ask RAN1/RAN4 to evaluate the interruption caused by receiving RAR from candidate cell and the required UE capability to avoid interruption, including intra- and inter-frequency cases.
· In general, those options are feasible from the network side.
· Note: RAN2 understands the RAN1 LS is about “PDCCH ordered-RACH for candidate cell(s)”, not covering the scenarios of cell swap in LTM and multi-TRP in R18 MIMO, which will be discussed separately. 
RA resource configuration for PDCCH ordered early RACH
Proposal 5: The RACH configuration for a candidate cell early TA acquisition should be configured as part of the source cell RRC configuration (outside the candidate cell config).
L1 measurement configuration options from RAN1 LS
Proposal 6: L1 measurement RS is part of the current UE configuration (i.e. not within each candidate cell configuration and option 3 from RAN1 is excluded). RAN2 can further study how to configure L1 RS of neighbour cells between options 1/2 from RAN1.
LTM configuration index determination
Proposal 7: The source DU/cell should know the LTM configuration index for each candidate cell (or its RS ID). RAN3 can design the necessary signalling on F1AP.
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