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1. Introduction 
In RAN4#100-e RRM requirements for FeMIMO was discussed and way forward [1] was agreed. In this contribution we present our views on impact to RRM requirements for enhancements other than Unified TCI and inter-cell beam management.  
2. Discussion
Simultaneous Reception with different QCL Type D
In RAN4#100-e there was an open issue whether requirements will be defined for simultaneous reception with different QCL Type D: 
	RRM requirements impact 
· No impact on RRM requirement for 
· Enhancements for PDCCH, PUCCH and PUSCH for multi-TRP
· CSI enhancement 
· No RRM requirement will be defined for 8 RX antenna ports
· Further study whether to define RRM requirements and RRM impacts for simultaneous reception of channel/RS with different QCL type D
· RAN4 is supposed to conclude whether to define RRM requirements and RRM impacts for simultaneous reception of channel/RS with QCL type D in RAN4 #101-e




Simultaneous reception of RS and/or channel with different QCL Type-D requires the UE to have capability to support reception using multiple panels simultaneously. So far in RAN4 the RF and RRM requirements multi panel reception is transparent to the network and no enhancements have been defined based on simultaneous reception. There are a significant number of requirements impacted with this:
· L3 RRM measurements
· L1 RRM measurements for beam management
· RLM, BFD, CBD
Observation #1: There is significant impact to RRM requirements with simultaneous reception with different QCL Type-D.
Also, the feasibility from RF perspective to support simultaneous reception with different QCL Type-D has not been confirmed and is still under discussion in RF session. 
Observation #2: Feasibility of supporting simultaneous reception with different QCL Type-D is under discussion in RF session. 
In addition, there is also the issue of OTA testability to be addressed if such enhancements are introduced. For simultaneous reception with different QCL Type-D, we need to be able to support 2 AoA at the same time in radiated test set up. 
Observation#3: OTA testability needs to be enhanced to support 2 AoA for simultaneous reception with different QCL Type-D. 
Given the scope of impact to RF, RRM and OTA, and Rel-17 core completion target of March 2022, we don’t think its pragmatic to start discussion on enhancements of RRM requirements for simultaneous reception with different QCL Type-D in Rel-17. Hence, we recommend postponing the discussion to Rel-18 instead.

Proposal #1: Discuss enhancements for simultaneous reception with multiple panels or with different QCL Type-D in Rel-18. 
If UE is capable of IBM, it can support inter-band CA with independent RX beams. RAN4 needs to further discuss if UE capability for IBM also implies capability simultaneous reception with different QCL Type-D or we treat the two UE capabilities separately. 
Proposal #2: RAN4 further discusses the UE capability of IBM and simultaneous reception of different QCL Type-D. 
QCL Definition
In RAN4#100-e we proposed to update the QCL definition in TS 38.133 to be updated, and it was captured in [1] to be further discussed: 
	QCL definition 
· RAN4 will further study QCL definition update for PUCCH and PUSCH in applicability of requirements




One of the enhancements in RAN1 for unified TCI framework in Rel-17 is to introduce UL TCI. In R15/16, TCI state/ QCL was only associated with DL signals, but in Rel-17 they can also be indicated for dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources in a CC. With this enhancement, the QCL definition in the Applicability of requirements in TS 38.133 § 3.6.7 should also be updated. Currently, the QCL definition only applies to DL signal – PDSCH and PDCCH. The definition needs to be extended to PUCSH and PUCCH in Rel-17.
Observation #4: Currently the definition of QCL is only applicable to PDSCH and PDCCH. 
We propose to update the definition of QCL to be applicable to PUCCH and PUSCH. 
Proposal #3: Update the definition of QCL to be applicable to PUCCH and PUSCH in Applicability of requirements for QCL. 
Based on RAN1 agreements, the supported source RS for UL TX spatial filter are,
· SRS
· SSB
· CSI-RS for tracking
· CSI-RS for Beam Management
While SRS and SSB can only be directly associated with target UL signal, CSI-RS for tracking and beam management can be part of a QCL chain. We propose to include SRS as resource in TCI chain definition.
Proposal #4: Update TCI chain definition to include SRS.
Based on the above proposals, we recommend updating the applicability of QCL definition as below. 
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RRM Requirements for TRP Specific BFR
As part of enhancements to beam management for multi-TRP, RAN1 has introduced TRP specific BFR. 
· For Multi-TRP beam failure detection, support independent BFD-RS configuration per-TRP, where each TRP is associated with a BFD-RS set.
· 2 BFD-RS sets per BWP, N resources per BFD-RS set
· N is based on UE capability
· For Multi-TRP new beam identification
· Support independent configuration of new beam identification RS (NBI-RS) (CSI-RS or SSB) set per TRP if NBI-RS set per TRP is configured
· 1-to-1 association of BFD-RS and NBI-RS
For multi-TRP BFR, the UE can be configured for 2*N BFD-RS per serving cell compared to 2 RS per serving cell in Rel-15/16. Since the BFD-RSs are per TRP, they could be received simultaneously. RAN4 needs to define enhancements to beam failure detection and recovery for TRP specific BFR.
Proposal #5: RAN4 should further discuss enhancements to BFD and CBD for TRP specific BFR. 
The BFD RS from each TRP could be received simultaneously. In case of FR1, the UE would be able to receive BFD RS from 2 TRP simultaneously, but in FR2, UE needs to support multi-panel reception for this. If the BFD-RS from TRPs are not TDMed, we need to enhance BFD requirements to support it.
For TRP specific BFR there is a 1:1 association between BFD-RS and NBI-RS, hence the link recovery requirements also need to be enhanced.
Observation #5: In FR2 if UE doesn’t support simultaneous reception with multi-panel and BFD-RS / CBD-RS from TRPs are not TDMed, BFD and CBD requirements need to be enhanced.

In FR2 if UE doesn’t support multi-panel reception or if the of BFD-RS from TRPs are not TDMed, we could introduce a sharing factor – PTRP. 
PTRP = 2 when BFD-RS or CBD-RS are received simultaneously from 2 TRP, 1 otherwise
Proposal #6: Introduce sharing factor for BFD and CBD evaluation period in FR2 when BFD-RS or CBD-RS are received simultaneously from 2 TRP. 
The proposed enhancement could be captured in the evaluation period requirements for BFD and CBD.
CSI-RS based BFD
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SSB based CBD
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CSI-RS based CBD
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TCI State Switch for Non-Serving cell
To enable UE to receive PDSCH from non-serving cell, the UE shall be indicated a new beam from non-serving cell via TCI state switch command. The new beam indication could be MAC CE or DCI based. RAN4 should define requirements for TCI state switch for neighbor cell.
Proposal #7: RAN4 needs to define requirements for TCI state switch for neighbor cell to support inter-cell beam management. 
For TCI state switch on serving cell, we have known condition for TCI state. The switching delay requirements are based on the type of switch (MAC-CE, DCI or RRC based), whether the TCI state is known or unknown, whether the target TCI state is in the active TCI state list monitored by the UE. Similarly for TCI state switch on neighbor cell, we need to define known TCI state. The definition of known TCI state can be based on the existing definition for TCI state switch on serving cell.
Proposal #8: Define known TCI state for non-serving cell based on the definition for serving cell. 
The new beam indication could be sent on MAC CE or DCI. Hence, MAC-CE and DCI based TCI state switch for non-serving cell should be defined.
Proposal #9: Define MAC CE and DCI based TCI state switch for non-serving cell.

In R15, we defined TCI state switching delay for serving cell. For TCI state switch on serving cell, the components of delay were:
· MAC-CE Decoding/ RRC processing time 
· Time acquisition delay if target TCI was not in active TCI list monitored by UE
· Time for RX beam acquisition if target TCI state is unknown.

The switching delay for TCI state switch for non-serving cell needs to consider the following: 
· MAC-CE decoding or DCI processing time
· Time acquisition delay if target TCI was not in active TCI list monitored by UE
· Time for RX beam acquisition if target TCI state is unknown.
· Time for Active BWP switch
The new component of delay for TCI state switch for non-serving cell that needs to be considered is BWP switch. The SCS and BW of the non-serving cell could be different from the serving cell, and hence may require a BWP switch to receive from the non-serving cell.
Proposal #10: Components of delay for TCI state switching for non-serving cell are (1) MAC-CE decoding or DCI processing time, (2) Time acquisition delay if target TCI was not in active TCI list monitored by UE, (3) Time for RX beam acquisition if target TCI state is unknown, (4) Time for Active BWP switch.
If TCI state change involves a BWP switch, it might cause interruption to other serving CCs. Hence, we might need to also consider interruption requirements for TCI state switch to non-serving cell.
Proposal #11: Discuss and define interruption requirements for TCI state switch to non-serving cell. 
It is agreed to use unified TCI framework for inter-cell mobility, so any new requirements for unified TCI state switch should also consider TCI state switch to non-serving cell.
Proposal #12: Introduce TCI state switch to non-serving cell in new requirements for unified TCI framework. 


3. Conclusion
In this paper, we present our views on impact to RRM requirements for enhancements other than Unified TCI and inter-cell beam management. Our observations and proposals are captured below:
Simultaneous Reception with different QCL Type D
Observation #1: There is significant impact to RRM requirements with simultaneous reception with different QCL Type-D.
Observation #2: Feasibility of supporting simultaneous reception with different QCL Type-D is under discussion in RF session. 
Observation#3: OTA testability needs to be enhanced to support 2 AoA for simultaneous reception with different QCL Type-D. 
Proposal #1: Discuss enhancements for simultaneous reception with multiple panels or with different QCL Type-D in Rel-18. 
Proposal #2: RAN4 further discusses the UE capability of IBM and simultaneous reception of different QCL Type-D. 
QCL Definition
Observation #4: Currently the definition of QCL is only applicable to PDSCH and PDCCH. 
Proposal #3: Update the definition of QCL to be applicable to PUCCH and PUSCH in Applicability of requirements for QCL. 
Proposal #4: Update TCI chain definition to include SRS.
RRM Requirements for TRP Specific BFR
Proposal #5: RAN4 should further discuss enhancements to BFD and CBD for TRP specific BFR. 
Observation #5: In FR2 if UE doesn’t support simultaneous reception with multi-panel and BFD-RS / CBD-RS from TRPs are not TDMed, BFD and CBD requirements need to be enhanced.
Proposal #6: Introduce sharing factor for BFD and CBD evaluation period in FR2 when BFD-RS or CBD-RS are received simultaneously from 2 TRP. 
TCI State Switch for Non-Serving cell
Proposal #7: RAN4 needs to define requirements for TCI state switch for neighbor cell to support inter-cell beam management. 
Proposal #8: Define known TCI state for non-serving cell based on the definition for serving cell. 
Proposal #9: Define MAC CE and DCI based TCI state switch for non-serving cell.
Proposal #10: Components of delay for TCI state switching for non-serving cell are (1) MAC-CE decoding or DCI processing time, (2) Time acquisition delay if target TCI was not in active TCI list monitored by UE, (3) Time for RX beam acquisition if target TCI state is unknown, (4) Time for Active BWP switch.
Proposal #11: Discuss and define interruption requirements for TCI state switch to non-serving cell. 
Proposal #12: Introduce TCI state switch to non-serving cell in new requirements for unified TCI framework. 
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3.6.7  Applicability of QCL

For the requirements specified in this version of the specification, a reference signal is considered to be QCLed to
another reference signal if it is in the same TCI chain as the other reference signal, provided that the number of
Reference Signals in the chain is no more than 4. It is assumed there is single QCL type per TCI chain.

A TCI chain consists of an SSB, and one or more CSI-RS resources, or SRS resource, and the TCI state of each
Reference Signal includes another Reference Signal in the same TCI chain.

DMRS of PDCCH or PDSCH is QCLed with the reference signal in its active TCI state and any other reference signal
that is QCLed, based on above criteria, with the reference signal in the active TCI state.

DMRS of PUCCH or PUSCH is QCLed with the reference signal in its active TCI state and any other reference signal
that is QCLed, based on above criteria, with the reference signal in the active TCI state.
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Table 8.5.3.2-2: Evaluation period Tevaiuate BFD_csi-rs for FR2

Configuration Tevaluate BFD_csi-Rs (MS)
no DRX Max(50, CS”(MBFD x P x N x Pgpp x PTRP) X TCSI-RS)
DRX cycle < 320ms Max(50, Ceil(1.5 x Mgep x P x N x Pggp) x Max(Tprx,
Tcsirs))
DRX cycle > 320ms Ceil(Mgrp x P x N x Pgep) x Tprx
Note: Tcsirs is the periodicity of CSI-RS resource in the set g, . Tprx is the

DRX cycle length.
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Table 8.5.5.2-1: Evaluation period Tevaiuate_cep_sss for FR1

Configuration Tevaluate cBD ssB (MS)
non-DRX, DRX cycle Max(25, Ceil(3 x P x Pcgp x Ptrp) x Tssg)
< 320ms
DRX cycle > 320ms Ceil(3 x P x Pcap) x Tpbrx

Note: Tssg is the periodicity of SSB in the set ¢, . Torx is the DRX cycle
length.
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Table 8.5.6.2-1: Evaluation period Tevaiuate_cep_csi-rs for FR1

Configuration TEvaluatec cBD csi-Rs (MS)
non-DRX, DRX cycle Max(25, Ceil(Mcgp x P x Pcgp x P1rp) x Tcsirs)
< 320ms
DRX cycle > 320ms Ceil(Mcgp x P x Pcap) x Tprx
Note: Tcsirs is the periodicity of CSI-RS resource in the set ¢, . Tprx is the

DRX cycle length.





