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Introduction

In RAN#98e meeting, the WID on Rel-18 FR2 multi-RX DL reception work item was updated [3] and RRM objectives were revised, which is provided as following. 

	Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier

Enhanced RRM requirements:

The following requirements should be studied and specified if necessary:
L1-RSRP measurement delay

RLM and BFD/CBD requirements

Scheduling/measurement restrictions

TCI state switching delay with dual TCI

Receive timing difference between different directions (different QCL Type D RSs)

NOTEs:

The case of single TCI is handled as a second priority. Additional aspects related to single TCI can be further revisited.

The work on L3 measurement related aspects for scheduling/measurement restriction requirements is not precluded.

Further check in RAN #100 whether to include other L3 measurement related aspects and objectives subject to RAN4 progress.




In last meeting, there is discussion on FR2 multi-Rx chain DL reception. A WF on TCI state switching delay was approved [2]. This contribution provides discussion on this topic.

Discussion 
For MAC CE based TCI state switch, the agreements in last meeting are duplicated as following: 

	Issue 2-3-1: Single DCI (sDCI)
Issue 2-3-1-1: sDCI non-SFN without PDCCH repetition

Agreements:

For MAC-CE based PDCCH TCI state switch for s-DCI scenario, legacy TCI state switching requirements apply for MAC-CE based PDCCH TCI indication method for PDCCH. 

Issue 2-3-1-2: sDCI PDCCH repetition

Agreements:

For MAC-CE based PDCCH TCI state switch for s-DCI PDCCH repetition, the requirement is defined with the delay in current requirement [+ [250]us additional delay].

Issue 2-3-2: Multi-DCI (mDCI) non-SFN

Agreements:

For MAC-CE based PDCCH TCI state switch for m-DCI scenario, reusing legacy requirements for MAC-CE based PDCCH TCI state switch and it applies per TRP

FFS if the two PDSCHs carrying the two MAC-CEs are in the same slot. If the two PDSCHs carrying the two MAC-CEs are in the same slot, consider [250]us additional delay.


According to existing TS38.133, for MAC-CE based downlink TCI state switch delay, if the target TCI state is known, upon receiving PDSCH carrying MAC-CE activation command in slot n, UE shall be able to receive UE-dedicated PDCCH/PDSCH with target TCI state of the serving cell on which TCI state switch occurs at the first slot that is after slot n+ THARQ + 3Nsubframe,uslot+ TOk*(Tfirst-SSB + TSSB-proc) / NR slot length. If the target TCI state is unknown, upon receiving PDSCH carrying MAC-CE activation command in slot n, UE shall be able to receive UE-dedicated PDCCH/PDSCH with target TCI state of the serving cell on which TCI state switch occurs at the first slot that is after slot n+ THARQ +3Nsubframe,uslot+ (TL1-RSRP +TOuk*(Tfirst-SSB+ TSSB-proc)) / NR slot length. TOk = 1 if target TCI state is not in the active TCI state list for PDSCH/PDCCH, 0 otherwise.

In RAN4#104bis meeting [3], it was agreed that for each of the two TCI states, the TCI state switch is assumed to be independent, which means that one TCI state switch should not affect the operation of the other TCI state. And it is expected that legacy TCI state switching requirements can be applied. However, some companies proposed that additional delay of [250]us is needed due to possible RF/BB implementation constraints, for example,  transient impact on panel A because of the power-off/on of panel B/C or baseband resource sharing between the two L1-RSRP measurement processes. For the transient impact on one panel due to the power-off/on of another panel, this is also possible for legacy single TCI state switch, while no additional delay is considered in legacy requirements, we do not see why this need to be treated differently for dual TCI state switch. It is preferred to reuse legacy TCI state switching requirements.
Proposal 1: for MAC CE based TCI state switch, it is proposed to reuse legacy TCI state switching requirements.

For DCI based TCI state switch, the agreements in last meeting are duplicated as following: 

	Issue 2-2-1: Single DCI based TCI state switch 

FFS: 

Option 1: Reuse Re-16 requirements for s-DCI based PDSCH TCI state switch. 

Option 2: Re-16 delay requirements + additional [250]µs delay for s-DCI based PDSCH dual TCI state switch.

Issue 2-2-2: Multi DCI based TCI state switch 
Issue 2-2-2-1: Two TCI state switching are independent provided the DCI for TCI switch is received 

FFS:

Option 1: No constraint is needed on the reception of TCI switch command

Option 2: When TCI switch commands are received in the same slot

Option 3: When TCI switch commands are received at least timeDurationForQCL apart.

Option 3a: For mDCI, for DCI based TCI state switching for simultaneous PDSCH reception, legacy TCI switching requirements can apply independently, provided that the time offset between the reception of the latter DCI among DCIs with different corsetPoolIndex scheduling simultaneous PDSCH reception to the earlier PDSCH shall be larger than timeDurationForQCL.

Issue 2-2-2-2: Two TCI state switching are independent, and their delay requirement is 

FFS: 

Option 1: Reuse Re-16 requirements for s-DCI based PDSCH TCI state switch. 

Option 2: Re-16 delay requirements + additional [250]µs delay for s-DCI based PDSCH dual TCI state switch.


Similar as that for MAC CE based TCI state switch, one issue is whether to consider additional [250]µs delay. In legacy DCI based TCI state switch, only known target TCI state is considered. If the target TCI state is known, when a UE is configured with the higher layer parameter tci-PresentInDCI which is set as 'enabled' for the CORESET scheduling PDSCH at slot n, UE shall be able to receive PDSCH with target TCI state of the serving cell on which TCI state switch occurs at the first slot that is after slot n+timeDurationForQCL, where, timeDurationForQCL is the time required by the UE to perform PDCCH reception and applying spatial QCL information received in DCI for PDSCH processing as described in TS 38.214, the value of timeDurationForQCL is defined in TS 38.331. And in May meeting, it was agreed that requirements for DCI based dual TCI states switch delay for PDSCH reception are defined for known case only [4]. Since only known case is considered, it seems the constraints (panel power-off/on or L1-RSRP measurement) which need additional 250us delay do not exist. We do not see the necessity to have additional 250us delay, legacy Re-16 requirements can be reused.

Proposal 2: for single DCI based TCI state switch, it is proposed to reuse Re-16 requirements.

Whether there are constraints/conditions that two TCI state switching are considered as independent. Since this is for multi DCI based TCI state switch, which means there are different TCI switch commands, which will arrive at different slot, from configuration point of view, they are independent since DCI from different TRP will be configured with different corsetPoolIndex. From UE processing point of view, in legacy single TCI state switch, the TCI state switch delay is timeDurationForQCL. If another TCI state switch command is received during the processing of previous TCI state switch, more discussion is needed. Considering that timeDurationForQCL is the time required by the UE to perform PDCCH reception and applying spatial QCL information received in DCI, in our understanding, the two TCI state switch can be processed in parallel. In addition, the time offset between the reception of the latter DCI among DCIs with different corsetPoolIndex scheduling simultaneous PDSCH reception to the earlier PDSCH is smaller than timeDurationForQC, this case already exists in mTRP, and according to RAN design, no limitation is considered. Based on above consideration, no constraint is needed on the reception of TCI switch command.

Proposal 3: for multi DCI based TCI state switch, two TCI state switching are independent and no constraint is needed on the reception of TCI switch command.

Since two TCI state switching are independent for multi DCI based TCI state switch, they can be treated as single DCI based TCI state switch seperately, and as proposed in proposal 2,  Re-16 requirements can be reused.
Proposal 4: for multi DCI based TCI state switch, Re-16 delay requirements can be reused.
For known conditions, the agreements in last meeting are duplicated as following:

	Agreements:

Dual TCI states are known if the

dual TCI states are QCL-ed to reported beam pair (i.e., RS resources pair) within one group

All the RSs in the QCL chain remain detectable

The dual TCI states remains detectable during the TCI state switching period

RSs configured for dual TCI states are reported in last [1280]ms

Note: FFS whether additional conditions are needed for tests.

Issue 2-5-1: Requirements to be considered 

FFS

Proposal 1: For MAC-CE based TCI state switch delay, define requirements also for unknown target TCI state

Proposal 2: RAN4 to not define MAC CE based dual TCI state switch delay requirements for unknown TCI state

If RRC requirements are defined, consider only known case




One of the issues is whether to define MAC CE based dual TCI state switch delay requirements for unknown TCI state. According to previous agreements, GBBR is the prerequisite of simultaneous mul-ti RX reception. One of the known conditions is that  RSs configured for dual TCI states are reported in last [1280]ms. It is possible that  dual TCI state switch delay is configured  later than [1280ms] after GBBR. From this point of view, it is preferred to define requirements for unknown case.

 Proposal 5: for MAC-CE based TCI state switch delay, it is proposed to define switch delay requirements for unknown TCI state.
Conclusion

This contribution provides discussion on TCI state switching delay for FR2 multi-Rx chain DL reception. The proposals are:
Proposal 1: for MAC CE based TCI state switch, it is proposed to reuse legacy TCI state switching requirements.

Proposal 2: for single DCI based TCI state switch, it is proposed to reuse Re-16 requirements.

Proposal 3: for multi DCI based TCI state switch, two TCI state switching are independent and no constraint is needed on the reception of TCI switch command.

Proposal 4: for multi DCI based TCI state switch, Re-16 delay requirements can be reused.
 Proposal 5: for MAC-CE based TCI state switch delay, it is proposed to define switch delay requirements for unknown TCI state.
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