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Introduction
In this contribution, we provide further discussion on unified TCI state switching delay requirements for NR FeMIMO.
Discussion
For R17 unified TCI, downlink TCI state switching delay requirements and uplink TCI state switching delay are separately defined.
MAC-CE based TCI state switching for unified TCI
For MAC-CE based downlink TCI state switching for unified TCI, RAN4 agreed to reuse the existing MAC-CE TCI state switching delay.
For MAC-CE based uplink TCI state switching for unified TCI, RAN4 achieved the following agreements on the switching delay requirements.
	· For TCI known case, the MAC CE based uplink TCI switching delay requirement is specified as 
THARQ + 3ms + NM*(Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms)
Where
NM = 1, if the target PL-RS is not maintained by the UE, 0 otherwise 
· For TCI unknow case, MAC CE based uplink TCI switching delay requirement is specified as 
THARQ + 3ms + TL1-RSRP + (Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms) 


It can be observed that PL-RS measurement time is allowed during MAC-CE based uplink TCI state switching delay. Both SSB and periodic CSI-RS can be configured as PL-RS. There is no TCI state configuration for SSB resource. RAN4 agreed to reuse the existing known conditions for associated DL-RS. According to the existing known condition requirements, a SSB indicated as PL-RS is considered to be known when this SSB is also used for L1-RSRP measurement reporting. Since R15, beam sweeping is always assumed for L1-RSRP measurements measured on SSB resource in FR2. Therefore, beam sweeping shall also be assumed for PL-RS measurements measured on SSB resource in FR2. However, even a SSB indicated as PL-RS is not configured for L1-RSRP measurement reporting by network, the UE is still required to perform L1-RSRP measurements for obtaining beam information of target PL-RS. For both known 
Proposal 1: When a SSB is indicated as PL-RS in a UL TCI state, the scaling factor for beam sweeping needs to be introduced for PL-RS measurement time in FR2.
Proposal 2: In FR2, the MAC-CE based UL TCI state switching delay need to be separately defined for SSB based PL-RS.
When a SSB is indicated as PL-RS in FR2, the UE needs to perform both L1-RSRP measurements and PL-RS measurements on the SSB resource in parallel, no matter whether this SSB is configured for L1-RSRP measurement reporting by network. So, five measurement samples of L1-RSRP can be utilized for PL-RS measurements. Hence, the PL-RS measurement period can be defined 5*TL1-RSRP_SSB with the assumption of M=1. Besides, there is no additional delay for L1-RSRP measurements.
Proposal 3: In FR2, when a SSB is indicated as PL-RS in a UL TCI state, the MAC-CE based UL TCI state switching delay for both known case and unknown case can be defined as:
· THARQ + 3ms + NM*(5*TL1-RSRP_SSB + 2ms) with the assumption of M=1. 
· Where NM = 1, if the target PL-RS is not maintained by the UE, 0 otherwise.
For MAC-CE based TCI state switching, the switching delay requirements will be defined for TCI known case and TCI unknown case respectively. Accordingly the known condition requirements needs to be specified for MAC-CE based TCI state switching. RAN4 agreed to reuse the existing known conditions for associated DL-RS. For TCI state switching associated with a cell with PCI different from a serving cell, the same switching delay associated with serving cell can be reused. However, we suggest not to capture the wording “a cell with PCI different from a serving cell” into specification. Instead we suggest to clarify in the known condition requirements that the associated DL-RS for target TCI state can be a SSB with a PCI different from serving cell PCI.
Proposal 4: For MAC-CE based TCI state switching, it is suggested to clarify the followings in the known condition requirements.
· The associated DL-RS for target TCL state can be a SSB with a PCI different from serving cell PCI. 

DCI based TCI state switching for unified TCI
For DCI based downlink/uplink TCI state switching for unified TCI, the switching delay requirements depends on RAN1 final decision on the value of Y symbols. In RAN1, the following agreements have been achieved for the application time of DCI-based beam indication.
	Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication, the first slot to apply the indicated TCI is at least Y symbols after the last symbol of the acknowledgment of the joint or separate DL/UL beam indication.
· Note: The Y symbols are configured by the gNB based on UE capability, which is also reported in units of symbols.
· FFS whether Y is configured per BWP , per CC or per band or per SCS , or independent of BWP/CC/SCS
· Note: Previous agreement in RAN1#104b-e that remaining unused DCI fields and codepoints are reserved in R17 are not to be reverted

Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication for CA, the first slot and the Y symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. 
· For Rel-17 MAC-CE based beam indication (when only a single TCI codepoint is activated) and activation, it follows the Rel-16 application timeline of MAC-CE activation
· How to capture this in the specifications is up to the editors



The DCI based TCI state switching delay depends on how to define the starting point. If the starting point is defined as the slot in which UE receives the DCI based beam indication, then the switching delay shall be defined (THARQ + Y symbols). If the starting point is defined as the slot in which UE transmits the acknowledgment of the DCI based beam indication, then the switching delay shall be defined Y symbols. We suggest to define the slot in which UE receives the DCI based beam indication as the starting point of DCI based TCI state switching delay. 
Proposal 5: DCI based DL TCI state switching delay can be defined as:
· When a UE receives the DCI triggering DL TCI state activation at slot n, UE shall be able to receive 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 + [Y] symbols, where, Y is configured via higher layer parameter [TBD], and THARQ is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3].
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· When a UE receives the DCI triggering UL TCI state activation at slot n, UE shall be able to transmit PUCCH/PUSCH with target TCI state of the serving cell on which TCI state switch occurs at the first slot that is after slot n + THARQ + [Y] symbols, where, Y is configured via higher layer parameter [TBD], and THARQ is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3].

Conclusions
This contribution provides our analysis on RRM requirements for Rel-17 unified TCI in NR FeMIMO. The following are provided:
Proposal 1: When a SSB is indicated as PL-RS in a UL TCI state, the scaling factor for beam sweeping needs to be introduced for PL-RS measurement time in FR2.
Proposal 2: In FR2, the MAC-CE based UL TCI state switching delay need to be separately defined for SSB based PL-RS.
Proposal 3: In FR2, when a SSB is indicated as PL-RS in a UL TCI state, the MAC-CE based UL TCI state switching delay for both known case and unknown case can be defined as:
· THARQ + 3ms + NM*(5*TL1-RSRP_SSB + 2ms) with the assumption of M=1. 
· Where NM = 1, if the target PL-RS is not maintained by the UE, 0 otherwise.
Proposal 4: For MAC-CE based TCI state switching, the following is suggested to be clarified in the known condition requirements.
· The associated DL-RS for target TCL state can be a SSB with a PCI different from serving cell PCI. 
Proposal 5: DCI based DL TCI state switching delay can be defined as:
· When a UE receives the DCI triggering DL TCI state activation at slot n, UE shall be able to receive 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 + [Y] symbols, where, Y is configured via higher layer parameter [TBD], and THARQ is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3].
Proposal 6: DCI based UL TCI state switching delay can be defined as:
· When a UE receives the DCI triggering UL TCI state activation at slot n, UE shall be able to transmit PUCCH/PUSCH with target TCI state of the serving cell on which TCI state switch occurs at the first slot that is after slot n + THARQ + [Y] symbols, where, Y is configured via higher layer parameter [TBD], and THARQ is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3].
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