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Introduction
This contribution discusses the remaining issue on beam usage after LTM cell switch command.
Discussion
In previous RAN1 meeting (RAN1#116), the following agreement have been achieved. 
	Agreement
For RACH based LTM procedure, after the completion of RACH procedure, UE follows the indicated TCI-state in the LTM cell switch command.




In earlier RAN2 meeting (RAN2#124), the following has been agreed for the beam usage during the random access procedure.
	Agreement
· For RRC configured CFRA, UE selects from the RRC configured beams for CFRA (if above the RSRP threshold as in legacy); [No further spec impact]
· For CBRA, UE selects a beam based on RSRP and ignores indicated beam in CBRA. [No further spec impact]



As can be seen from above, if UE has selected a beam for random access (RA) that is different than the beam indicated in the cell switch command, a beam switching needs to be performed after the completion of the RA. However, it is ambiguous at what stage that UE should apply such beam switching. This issue is further complicated by the fact that RA could be 4-step or 2-step, and both CBRA (contention-based RA) and CFRA (contention-free RA) need to be considered. In the following, we discuss these different scenarios.
Scenario 1: CBRA with 4-step 
Fig.1 illustrates a 4-step CBRA for UE to perform LTM cell switch. Since UE is in RRC_CONNECTED, the UE can include its C-RNTI in Msg3. If UE receives a PDCCH addressed to its C-RNTI in step 4 to schedule a new transmission, the contention resolution is completed i.e. the completion of RACH procedure. However, the question would be whether UE should apply the indicated beam in the cell switch command for this PUSCH transmission already. Alternatively, UE can still use the beam identified by the UE during the RA for this PUSCH transmission, and starts applying the indicated beam in the cell switch command for the next UL transmissions or DL receptions after this PUSCH. The latter interpretation seems better because the potential beam switching between the UL grant and the corresponding PUSCH transmission can be avoided. Further, the PUSCH can act as an acknowledgement for gNB to know that random access procedure has been completed.      


Fig. 1 CBRA with 4-step 
 
Observation l. When CBRA with 4-step is used for RACH-based LTM, it is ambiguous whether UE should apply the indicated beam in the cell switch command starting from the PUSCH that is scheduled by a PDCCH addressed to C-RNTI after Msg3.   
 
Scenario 2: CFRA with 4-step 
Fig.2 illustrates a 4-step CFRA for UE to perform LTM cell switch. 
For CFRA, dedicated preamble for Msg1 transmission is assigned by gNB, and upon receiving random access response (RAR) from gNB, the UE can assume that random access is completed. However, from gNB perspective, it is still unclear whether UE has successfully decoded the RAR or not before gNB receiving the PUSCH scheduled by the UL grant in RAR. Therefore, it is ambiguous whether UE should apply the indicated beam for this PUSCH transmission already.   


Fig. 2 CFRA with 4-step 
Observation 2. When CFRA with 4-step is used for RACH-based LTM, it is ambiguous whether UE should apply the indicated beam in the cell switch command starting from the PUSCH that is scheduled by the UL grant in Random Access Response.   

Scenario 3: CBRA/CFRA with 2-step 
If 2-step CBRA or CFRA is used, UE can include the C-RNTI in MsgA. Then in step B as shown in Fig.3a and Fig.3b, gNB can send a PDCCH addressed to the C-RNTI to schedule a PDSCH containing TA information. If the transport block is successfully decoded by the UE, the UE can consider that the random access procedure is completed. However, gNB still need to wait until receiving the PUCCH carrying a positive HARQ-ACK in order to conclude that the random access procedure is completed. As a consequence, it is ambiguous whether the indicated beam should be applied to this PUCCH transmission or not. 


        Fig.3a CBRA with 2-step                                  Fig.3b CFRA with 2-step

Observation 3. When CBRA/CFRA with 2_step is used for RACH-based LTM, it is ambiguous whether UE should apply the indicated beam in the cell switch command starting from the PUCCH that carries HARQ-ACK in response to a PDSCH scheduled by a PDCCH addressed to C-RNTI after MsgA.

Based on the above observations 1/2/3, we see a need to clarify the beam usage after cell switch command in the specifications, e.g. in TS 38.213 where the beam usage for LTM is described. As discussed, the PUSCH or PUCCH mentioned in the above scenarios can act as an acknowledgement for gNB to confirm the random access procedure has been completed by the UE. Therefore, the indicated beam in the cell switch command can be applied starting from the next slot following such PUSCH or PUCCH. The suggested TP is as follows. The draft CR is provided in the appendix. 
  
  
Proposal 1. Adopt the following TP to TS 38.213.

	21   L1/L2-triggered mobility procedures
*** unchanged text omitted ***

A UE can be provided by a LTM Cell Switch Command MAC CE in a PDSCH reception on the serving cell [11, TS 38.321] a CandidateTCI-State and/or CandidateTCI-UL-State in ltm-DL-OrJointTCI-StateToAddModList and/or ltm-UL-TCI-ToAddModList indicating a unified TCI state [6, TS 38.214] for applicable receptions or transmissions on a candidate cell from the number of candidate cells. The UE may assume that DM-RS antenna ports for PDCCH receptions and for PDSCH receptions are quasi co-located with the SS/PBCH block or the TRS in the TCI state with respect to quasi co-location 'typeA' and 'typeD' properties, when applicable. The UE does not expect to be indicated quasi co-location 'typeA' properties when a SS/PBCH block is configured as a source RS of the TCI state. The UE applies the CandidateTCI-State and/or CandidateTCI-UL-State, if indicated by the MAC CE, no later than  after the last symbol of a PUCCH or PUSCH with HARQ-ACK information for the PDSCH providing the MAC CE, where , ,  and  are defined in [10, TS 38.133]. For RACH-based LTM cell switch [19, TS 38.300], the UE applies the CandidateTCI-State for receptions on the candidate cell, and applies a spatial domain filter corresponding to the CandidateTCI-State or the CandidateTCI-UL-State for transmissions on the candidate cell, that are after the completion of the random access procedure associated with the PRACH transmission on the candidate cell and before a new TCI state is indicated for the candidate cell. For Type-1 random access procedure, the indicated CandidateTCI-State and/or CandidateTCI-UL-State should be applied starting from the first slot that is after the last symbol of the PUSCH scheduled by a UL grant that determines the completion of random access procedure as described in clause 5.1.4, or clause 5.1.5 of TS 38.321. For Type-2 random access procedure, the indicated CandidateTCI-State and/or CandidateTCI-UL-State should be applied starting from the first slot that is after the last symbol of the PUCCH carrying positive HARQ-ACK that determines the completion of random access procedure as described in clause 5.1.4a of TS 38.321. For RACH-less LTM cell switch [19, TS 38.300], the UE applies the CandidateTCI-State for receptions on the candidate cell and applies a spatial domain filter corresponding to the CandidateTCI-State or the CandidateTCI-UL-State for transmissions on the candidate cell before a new TCI state is indicated for the candidate cell.





Conclusion
In this contribution, we have discussed the remaining issue on beam usage after LTM cell switch command. The observations and proposals are as follows. The draft CR is included in appendix.
Observation l. When CBRA with 4-step is used for RACH-based LTM, it is ambiguous whether UE should apply the indicated beam in the cell switch command starting from the PUSCH that is scheduled by a PDCCH addressed to C-RNTI after Msg3. 
Observation 2. When CFRA with 4-step is used for RACH-based LTM, it is ambiguous whether UE should apply the indicated beam in the cell switch command starting from the PUSCH that is scheduled by the UL grant in Random Access Response.   
Observation 3. When CBRA/CFRA with 2_step is used for RACH-based LTM, it is ambiguous whether UE should apply the indicated beam in the cell switch command starting from the PUCCH that carries HARQ-ACK in response to a PDSCH scheduled by a PDCCH addressed to C-RNTI after MsgA.
Proposal 1. Adopt the following TP to TS 38.213.

	21   L1/L2-triggered mobility procedures
*** unchanged text omitted ***

A UE can be provided by a LTM Cell Switch Command MAC CE in a PDSCH reception on the serving cell [11, TS 38.321] a CandidateTCI-State and/or CandidateTCI-UL-State in ltm-DL-OrJointTCI-StateToAddModList and/or ltm-UL-TCI-ToAddModList indicating a unified TCI state [6, TS 38.214] for applicable receptions or transmissions on a candidate cell from the number of candidate cells. The UE may assume that DM-RS antenna ports for PDCCH receptions and for PDSCH receptions are quasi co-located with the SS/PBCH block or the TRS in the TCI state with respect to quasi co-location 'typeA' and 'typeD' properties, when applicable. The UE does not expect to be indicated quasi co-location 'typeA' properties when a SS/PBCH block is configured as a source RS of the TCI state. The UE applies the CandidateTCI-State and/or CandidateTCI-UL-State, if indicated by the MAC CE, no later than  after the last symbol of a PUCCH or PUSCH with HARQ-ACK information for the PDSCH providing the MAC CE, where , ,  and  are defined in [10, TS 38.133]. For RACH-based LTM cell switch [19, TS 38.300], the UE applies the CandidateTCI-State for receptions on the candidate cell, and applies a spatial domain filter corresponding to the CandidateTCI-State or the CandidateTCI-UL-State for transmissions on the candidate cell, that are after the completion of the random access procedure associated with the PRACH transmission on the candidate cell and before a new TCI state is indicated for the candidate cell. For Type-1 random access procedure, the indicated CandidateTCI-State and/or CandidateTCI-UL-State should be applied starting from the first slot that is after the last symbol of the PUSCH scheduled by a UL grant that determines the completion of random access procedure as described in clause 5.1.4, or clause 5.1.5 of TS 38.321. For Type-2 random access procedure, the indicated CandidateTCI-State and/or CandidateTCI-UL-State should be applied starting from the first slot that is after the last symbol of the PUCCH carrying positive HARQ-ACK that determines the completion of random access procedure as described in clause 5.1.4a of TS 38.321. For RACH-less LTM cell switch [19, TS 38.300], the UE applies the CandidateTCI-State for receptions on the candidate cell and applies a spatial domain filter corresponding to the CandidateTCI-State or the CandidateTCI-UL-State for transmissions on the candidate cell before a new TCI state is indicated for the candidate cell.




  

Appendix – Draft CR
Reason of change:
· For RACH-based LTM cell switch, it is described in current specification that “UE applies the CandidateTCI-State for receptions on the candidate cell, and applies a spatial domain filter corresponding to the CandidateTCI-State or the CandidateTCI-UL-State for transmissions on the candidate cell, that are after the completion of the random access procedure associated with the PRACH transmission on the candidate cell and before a new TCI state is indicated for the candidate cell”. However, it remains ambiguous at what stage/timing that UE should start to apply the indicated TCI state. This issue is further complicated by the fact that both Type-1 and Type-2 random access procedures need to be considered.  
Summary of change:
· Clarify that for Type-1 random access procedure, the indicated CandidateTCI-State and/or CandidateTCI-UL-State should be applied starting from the first slot that is after the last symbol of the PUSCH scheduled by a UL grant that determines the completion of random access procedure as described in clause 5.1.4, or clause 5.1.5 of TS 38.321. For Type-2 random access procedure, the indicated CandidateTCI-State and/or CandidateTCI-UL-State should be applied starting from the first slot that is after the last symbol of the PUCCH carrying positive HARQ-ACK that determines the completion of random access procedure as described in clause 5.1.4a of TS 38.321.
Consequence if not approved:
· Misalignment usage of TCI state between the UE and the target cell could happen.

21   L1/L2-triggered mobility procedures
*** unchanged text omitted ***

A UE can be provided by a LTM Cell Switch Command MAC CE in a PDSCH reception on the serving cell [11, TS 38.321] a CandidateTCI-State and/or CandidateTCI-UL-State in ltm-DL-OrJointTCI-StateToAddModList and/or ltm-UL-TCI-ToAddModList indicating a unified TCI state [6, TS 38.214] for applicable receptions or transmissions on a candidate cell from the number of candidate cells. The UE may assume that DM-RS antenna ports for PDCCH receptions and for PDSCH receptions are quasi co-located with the SS/PBCH block or the TRS in the TCI state with respect to quasi co-location 'typeA' and 'typeD' properties, when applicable. The UE does not expect to be indicated quasi co-location 'typeA' properties when a SS/PBCH block is configured as a source RS of the TCI state. The UE applies the CandidateTCI-State and/or CandidateTCI-UL-State, if indicated by the MAC CE, no later than  after the last symbol of a PUCCH or PUSCH with HARQ-ACK information for the PDSCH providing the MAC CE, where , ,  and  are defined in [10, TS 38.133]. For RACH-based LTM cell switch [19, TS 38.300], the UE applies the CandidateTCI-State for receptions on the candidate cell, and applies a spatial domain filter corresponding to the CandidateTCI-State or the CandidateTCI-UL-State for transmissions on the candidate cell, that are after the completion of the random access procedure associated with the PRACH transmission on the candidate cell and before a new TCI state is indicated for the candidate cell. For Type-1 random access procedure, the indicated CandidateTCI-State and/or CandidateTCI-UL-State should be applied starting from the first slot that is after the last symbol of the PUSCH scheduled by a UL grant that determines the completion of random access procedure as described in clause 5.1.4, or clause 5.1.5 of TS 38.321. For Type-2 random access procedure, the indicated CandidateTCI-State and/or CandidateTCI-UL-State should be applied starting from the first slot that is after the last symbol of the PUCCH carrying positive HARQ-ACK that determines the completion of random access procedure as described in clause 5.1.4a of TS 38.321. For RACH-less LTM cell switch [19, TS 38.300], the UE applies the CandidateTCI-State for receptions on the candidate cell and applies a spatial domain filter corresponding to the CandidateTCI-State or the CandidateTCI-UL-State for transmissions on the candidate cell before a new TCI state is indicated for the candidate cell.
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