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1. Introduction 
In RAN4#101-e other requirements for FeMIMO were discussed and way forward [1] was partially agreed. The following aspects were agreed and captured in Chairman’s notes:
	· RAN4 will further discuss the QCL definition update based on RAN1 agreements
· RAN4 will specify the TRP specific BFR including requirements for BFD, CBD and BFRQ assuming 2 BFD-RS sets in mTRP operations



In this contribution we present our views on other RRM requirements for FeMIMO.
2. Discussion
QCL definition
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 #1: 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 #1: 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 #2: Update TCI chain definition to include SRS and for PUCCH/PUSCH.
Based on the above proposals, we recommend updating the applicability of QCL definition as below. 
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TRP Specific BFR
In RAN4#101-e it was agreed to specify requirements for TRP specific BFR. 
RAN enhancements for 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.
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 #2: 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 #3: 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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BFD/BFR for HST Enhancements 
RAN4 has received LS [2] on BFR for CORESET with two activated TCI states. 
	In Rel-17, RAN1 has agreed two SFN transmission modes for PDCCH in which two TCI states can be activated for a CORESET. Two SFN modes support network based (TRP based pre-compensation scheme) and UE based (scheme 1) Doppler shift compensation for DL transmission. 
For implicit BFD RS based on a CORESET with two activated TCI states, RAN1 has agreed that how to calculate radio link quality for RLM /BFD is up to RAN4 discussion. 
Two options have been discussed in RAN1: 
· Option 1: For a CORESET with two activated TCI states, two RS indexes are included in (as two BFD RS resources). Otherwise, UE follows the Rel-15/16 specification for BFD
· Option 2: For a CORESET with two activated TCI states, UE evaluates the RLM/BFD based on single hypothetical PDCCH BLER for the CORESET



In case of implicit BFD-RS on a CORESET with 2 active TCI states, RAN1 has requested RAN4 to decide how radio link quality for RLM/BFD are calculated. 
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For implicit BFD RS when UE is not configured RS in    set, it uses the RS in the active CORESET as  . For HST enhancements, the CORESET could have up to 2 active TCI states. For BFD to be declared all the quality of RS in   set need to be below the threshold set by hypothetical PDCCH BLER. The SINR and quality of the RS from each TRP should be considered in BFD evaluation as they are independent. With option 2 if the UE has to evaluate RLM/BFD based on a single hypothetical PDCCH BLER, it will need to treat the pair of RS in its active TCI state together.  With option 1, the    set is made up of the RSs in its active TCI state and both would be evaluated for BFD. Hence, option 1 above is preferred for implicit BFD. 
Proposal #4: For a CORESET with two activated TCI states, two RS indexes are included in (as two BFD RS resources) for implicit BFD.

3. Conclusion
In this paper, we provide our views on other RRM requirements for FeMIMO. Our observations and proposals are captured below:
QCL Definition
Observation #1: Currently the definition of QCL is only applicable to PDSCH and PDCCH. 
Proposal #2: Update TCI chain definition to include SRS and for PUCCH/PUSCH.
TRP specific BFR
Observation #2: 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 #3: Introduce sharing factor for BFD and CBD evaluation period in FR2 when BFD-RS or CBD-RS are received simultaneously from 2 TRP. 
BFD for HST Enhancements
Proposal #4: For a CORESET with two activated TCI states, two RS indexes are included in (as two BFD RS resources) for implicit BFD.


Reference
[1]. R4-2120322, “WF on other FeMIMO RRM requirements”, Samsung.  
[2]. [bookmark: _Hlk92209000]R4-2200046, “LS on BFR for CORESET with two activated TCI states”, RAN WG1


image1.png
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.
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