[bookmark: Title][bookmark: DocumentFor]3GPP TSG-RAN WG4 Meeting # 102-e	R4-2204365
Electronic Meeting, February 21 – March 3, 2022
Agenda Item: 10.19.3.1
Source: MediaTek Inc.
Title: Discussion on unified TCI for DL and UL in R17 feMIMO 
Document for: Discussion	
1 	Introduction
In the last meeting, some issues have been agreed in [1], e.g., the delay requirement for MAC CE based UL TCI state switch with known/unknown condition. Our views on the definition of beam alignment, conditions of TCI switching for a cell with PCI different from a serving cell (i.e. non-serving cell) and TCI state switch delay requirement for CA are provided in this paper.
2 Discussion
2.1 Beam alignment
There is one open issue regarding the definition of the beam alignment in the last meeting.

	· RAN4 will further study and confirm the below beam alignment defination as applicability scenario for uplink TCI switching requirements
· If PL-RS is included in UL TCI or joint TCI, PL-RS is identical to the source RS in UL or joint TCI
· If PL-RS is associated UL TCI or joint TCI, PL-RS and source RS in UL or joint TCI is QCL-Type D.



To our understanding, the delay requirement for both cases are the same. Because regardless PL-RS is same as the RS associated with UL TCI state or PL-RS is QCL Type-D with the RS associated with UL TCI state, the PL-RS will be measured based on the same beam as UL TCI state. Thus, from the delay requirement perspective, both cases are beam alignment case.

[bookmark: _Ref95410624]Proposal 1: The definition of beam alignment is as following:
· If PL-RS is included in UL TCI or joint TCI, PL-RS is identical to the source RS in UL or joint TCI
· If PL-RS is associated UL TCI or joint TCI, PL-RS and source RS in UL or joint TCI is QCL-Type D.

2.2 TCI state-pair indication for separate mode
For the TCI state-pair indication, network will indicate a TCI state containing 1 DL TCI state and 1 UL TCI state, and the source RSs for the 2 TCIs can be different. From the delay requirement perspective, to our understanding, there is no essential difference between separate and joint mode which the UL and DL delay requirements are defined independently. Thus, the following proposal is suggested.

[bookmark: _Ref95410633]Proposal 2: For the MAC CE based and DCI based TCI state-pair indication, the TCI state switching delay requirement can be defined for UL TCI and DL TCI switching independently.

2.3 switching delay requirement for non-serving cell
In this section, we would like to clarify two issues. The first one is the BWP configuration of non-serving cell and the second one is the delay requirement of TCI state switch for unknown non-serving cell. 

BWP configuration of non-serving cell

In the last meeting, RAN4 had the following agreement. 

Agreement in [1].
	· Switching delay requirements for unified TCI associated with ”NSC”
· NSC in TCI switching delay will be specified as “a cell with PCI different from a serving cell”
· MAC-CE based and DCI based TCI switching delay does not have difference for a serving cell and a cell with PCI different from a serving cell based on the following conditions. 
· Active BWP of cell with different PCI shall be within active BWP of serving cell 
· SCS between cell with different PCI and serving cell shall the same 
· Timing offset between SC and NSC are within CP 
· RAN4 will further study whether to specify the requirements if above conditions do not meet.



For the BWP, basically, we do not think the BWP will be changed while a TCI state is switched from serving cell to non-serving cell, vice versa. Because, in WID, it has been agreed the serving cell will not be changed. However, in the last meeting, RAN4 agreed the active BWP of non-serving cell shall be within active BWP of serving cell. To us, it is unclear whether the BWP between serving cell and non-serving cell are the same or not. Because, the wording “within active BWP of serving cell” in agreement may imply that serving cell’s BWP is larger than non-serving cell. Based on this observation, the BWP switch delay should be considered if the two BWPs are different. Thus, to make it clear, we have the Proposal 3.

[bookmark: _Ref95410650]Observation 1: In the last meeting, RAN4 agreed "Active BWP of cell with different PCI shall be within active BWP of serving cell". It is unclear whether the BWPs of serving cell and non-serving cell are the same or not.

[bookmark: _Ref94869139][bookmark: _Ref95410640]Proposal 3: To clarify in RAN4 that the BWPs of serving cell and non-serving cell are the same.

Delay requirement of TCI state switch for unknown non-serving cell

In this sub-section, we would like to discuss whether the extra time period of TPSS/SSS_sync_intra or TSSB_time_index_intra are needed or not for the unknown non-serving cell. 

First of all, the known condition of the non-serving cell is based on the discussion in our paper of the inter-cell beam management (Please find the details in R4-2204366 [2]). In the R4-2204366 [2], the known condition of the non-serving cell is based on the L1-RSRP measurement report, i.e., the non-serving cell is known if any L1-RSRP measurement report is transmitted within [X] ms before the UE performs L1-RSRP measurement for the SSB to be measured. To our understanding, the similar condition can be reused for the unified TCI state. 

[bookmark: _Ref95314138][bookmark: _Ref95410662]Proposal 4: Non-serving cell is known if UE transmits any L1-RSRP measurement report for the non-serving cell within [X] ms before the TCI state is switched. FFS: [X] for the valid L1-RSRP report and the value can follow the conclusion in inter-cell beam management.

According to the Proposal 4, as Table 1, the case is separated into whether the non-serving cell is known or unknown and whether the target TCI state is known or not. Thus, whether the extra time period of TPSS/SSS_sync_intra and TSSB_time_index_intra is needed or not is discussed for the four cases. 

[bookmark: _Ref91756416][bookmark: _Hlk95385986]Table 1. The summary for the extra time period TPSS/SSS_sync_intra and TSSB_time_index_intra
 
	Non-serving cell

Target TCI state
	KnownNote1
	Unknown

	known
	TPSS/SSS_sync_intra & TSSB_time_index_intra are not needed, i.e., the switch delay requirement can be the same as serving cell
	No use case

	unknown
	
	TPSS/SSS_sync_intra & TSSB_time_index_intra are needed

	· Note 1: Non-serving cell becomes known if the L1 measurement report for non-serving cell is transmitted within [X] ms before the TCI state is switched



· Case 1: The non-serving cell is known and the target TCI state is known
· In this case, the same switch delay requirement as serving cell can be reused because UE has transmitted the L1-RSRP measurement report for the target TCI state before TCI state switch. Thus, no extra delay is needed.

[bookmark: _Ref95410679]Proposal 5: For the case when the non-serving cell is known and the target TCI state is known, the same TCI state switch delay requirement as serving cell can be reused.

· Case 2: The non-serving cell is known and the target TCI state is unknown
· In this case, the same switch delay requirement as serving cell can be reused. Because the L1-RSRP measurement report has been transmitted based on other SSB for the non-serving cell, i.e., the information of the non-serving cell’s timing, frequency, SFN and SSB index is known for UE. Thus, the information could be reused and no extra delay is needed. 

[bookmark: _Ref95410685]Proposal 6: For the case when the non-serving cell is known and the target TCI state is unknown, the same TCI state switch delay requirement as serving cell can be reused.

· Case 3: The non-serving cell is unknown and the target TCI state is known
· Based on Proposal 4, the known condition of the non-serving cell is depending on whether any L1-RSRP measurement report for non-serving cell is transmitted or not. Thus, this case is impossible.

[bookmark: _Ref95410690]Proposal 7: No UE requirement applies for the case when the non-serving cell is unknown and the target TCI state is known.

· Case 4: The non-serving cell is unknown and the target TCI state is unknown
· In this case, the extra time period of TPSS/SSS_sync_intra and TSSB_time_index_intra are needed. Because UE does not transmit any L1-RSRP measurement report before the TCI state switch. The extra time period of TPSS/SSS_sync_intra and TSSB_time_index_intra are used to get the exact timing of the target SSB associated with target TCI state on the non-serving cell. 

· However, according to the Table 9.2.5.1-1 and Table 9.2.5.1-3 in TS 38.133 as follows, at least the extra total time 600 + 120 = 720 ms will be added. We are wondering whether to extend 720 ms in TCI state switch is proper or not. Thus, we have the following proposal.

[bookmark: _Ref95410692]Proposal 8: For the case when the non-serving cell is unknown and the target TCI state is unknown, two options are suggested:
· Option 1: To extend the TCI state switch delay requirement, i.e., add TPSS/SSS_sync_intra (at least 600 ms) and TSSB_time_index_intra (at least 120 ms).

· Option 2: No UE requirement applies.

Table 9.2.5.1-1: Time period for PSS/SSS detection, (Frequency range FR1)
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max( 600ms, ceil( 5 x Kp) x SMTC period )Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max( 600ms, ceil(M2 Note 2x 5 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil(5 x Kp) x DRX cycle x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
NOTE 2:	When highSpeedMeasFlag-r16 is not configured, M2 = 1.5; When highSpeedMeasFlag-r16 is configured, M2 = 1.5 if SMTC periodicity > 40 ms;,otherwise M2=1.
NOTE 3: 	When highSpeedMeasFlag-r16 is configured, the requirements apply only to UE supporting either measurementEnhancement-r16 or [intraRAT-MeasurementEnhancement-r16] on measurements of the primary component carrier and do not apply to measurements of a secondary component carrier with active SCell.


 
Table 9.2.5.1-3: Time period for time index detection (FR1)
	DRX cycle
	TSSB_time_index_intra

	No DRX
	max(120ms, ceil( 3 x Kp ) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(120ms, ceil (M2 Note 2 x 3 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	Ceil(3 x Kp) x DRX cycle x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
NOTE 2:	When highSpeedMeasFlag-r16 is not configured, M2 = 1.5; When highSpeedMeasFlag-r16 is configured, M2 = 1.5 if SMTC periodicity > 40 ms;,otherwise M2=1
NOTE 3:	When highSpeedMeasFlag-r16 is configured, the requirements apply only to UE supporting either measurementEnhancement-r16 or [intraRAT-MeasurementEnhancement-r16] on measurements of the primary component carrier and do not apply to measurements of a secondary component carrier with active SCell.



2.3 Common TCI switching delay for CA case
To our understanding, the delay requirement for a single CC and CA can be the same. Because, after the UE receives the TCI state switch indication on one CC, the application time on the other CCs can be short. Thus, we do not see the need to extend the delay requirement for the CA case.

Besides, according to the RAN1’s agreement as follows, for CA case, the first slot to apply the new TCI state is determined on the CC with the smallest SCS among the CCs which applying the beam indication.

Agreement in RAN1 #107e
	Refine the following agreement as follows:
Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication, the UE can assume that one beam application time (BAT) for a given SCS is configured for all the CCs configured with the common TCI state ID update,
· Note: It was agreed that the BAT associated with the carrier(s) (hence BWP(s)/CC(s)) on which the beam indication applies is determined based on the carrier with the smallest SCS among the carrier(s) (hence BWP(s)/CC(s)) applying the beam indication
· TBD (maintenance): whether a second configured BAT is also supported, e.g. for MPUE or inter-cell BM




Thus, based on the above analysis, our suggestion for CA case is:

[bookmark: _Ref92112376]Proposal 9: For common TCI switching delay for CA case, reuse the delay requirement as the TCI state switching for single CC, with the clarification that the first slot to apply the new TCI state is determined on the CC with the smallest SCS among the CCs which applying the beam indication.

3 Summary
In this paper, the discussion of unified TCI state switch is provided. We have the following proposal:
Proposal 1: The definition of beam alignment is as following:
· If PL-RS is included in UL TCI or joint TCI, PL-RS is identical to the source RS in UL or joint TCI
· If PL-RS is associated UL TCI or joint TCI, PL-RS and source RS in UL or joint TCI is QCL-Type D.
Proposal 2: For the MAC CE based and DCI based TCI state-pair indication, the TCI state switching delay requirement can be defined for UL TCI and DL TCI switching independently.
Observation 1: In the last meeting, RAN4 agreed "Active BWP of cell with different PCI shall be within active BWP of serving cell". It is unclear whether the BWPs of serving cell and non-serving cell are the same or not.
Proposal 3: To clarify in RAN4 that the BWPs of serving cell and non-serving cell are the same.
Proposal 4: Non-serving cell is known if UE transmits any L1-RSRP measurement report for the non-serving cell within [X] ms before the TCI state is switched. FFS: [X] for the valid L1-RSRP report and the value can follow the conclusion in inter-cell beam management.
Proposal 5: For the case when the non-serving cell is known and the target TCI state is known, the same TCI state switch delay requirement as serving cell can be reused.
Proposal 6: For the case when the non-serving cell is known and the target TCI state is unknown, the same TCI state switch delay requirement as serving cell can be reused.
Proposal 7: No UE requirement applies for the case when the non-serving cell is unknown and the target TCI state is known.
Proposal 8: For the case when the non-serving cell is unknown and the target TCI state is unknown, two options are suggested:
·  Option 1: To extend the TCI state switch delay requirement, i.e., add TPSS/SSS_sync_intra (at least 600 ms) and TSSB_time_index_intra (at least 120 ms).

· Option 2: No UE requirement applies.
Proposal 9: For common TCI switching delay for CA case, reuse the delay requirement as the TCI state switching for single CC, with the clarification that the first slot to apply the new TCI state is determined on the CC with the smallest SCS among the CCs which applying the beam indication.
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