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1. Introduction

In RAN #95 meeting, the WID on requirement for NR frequency range 2 (FR2) multi-Rx chain DL reception was approved [1]. One of the objectives is to introduce necessary RRM requirement(s) for enhanced FR2 UEs with simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier. This contribution provides initial discussion on this topic.
2. Discussion 
The existing RRM requirements for FR2 are defined assuming that UE is equipped with a single antenna panel and is capable to perform DL reception using a single RX beam/chain reception. Considering RX beam sweeping, a scaling factor is introduced in the delay related requirements. With the assumption of single RX beam/chain reception, the value of this factor is large (e.g. 8), which results in long delay.
Simultaneous DL reception from different directions will provide improvement in delay requirements. In high level, requirements on L3 measurement, L1 measurement, RLM, CBD/BFD, etc will be impacted. The detailed analysis will be provided respectively as below.
In connected mode, for L3 measurement, there are four scenarios: intrafrequency measurements without measurement gaps, intrafrequency measurements with measurement gaps, inter-frequency measurement with measurement gaps, inter-frequency measurement without measurement gaps. All of these scenarios need to be considered for the delay improvement with multi-beam simultaneous reception.
Proposal 1: For L3 measurement in connected mode, all the existing scenarios (intra-frequency measurements without MG, intra-frequency measurements with MG, inter-frequency measurement with MG, inter-frequency measurement without MG) need to be considered for the delay improvement with multi-beam simultaneous reception. 

For each scenario, time period for PSS/SSS detection, measurement period, period for time index detection (if needed) are specified. Taking PSS/SSS detection for FR2 intra-frequency as an example, the existing requrements are duplicated as following table 9.2.5.1-2. The impact of RX beam sweeping is reflected by Mpss/sss. The value of Mpss/sss is pending on power class. For a UE supporting FR2 power class 1 or 5, Mpss/sss_sync_w/o_gaps =40. For a UE supporting power class 2, Mpss/sss_sync_w/o_gaps =24.  For a UE supporting FR2 power class 3, Mpss/sss_sync_w/o_gaps =24. For a UE supporting FR2 power class 4, Mpss/sss_sync_w/o_gaps =24. With multi-beam simultaneous reception, the value of Mpss/sss can be reduced. Similar for measurement period, period for time index detection, Mmeas and MSSB_index can be reduced.
Proposal 2: For L3 measurement in connected mode, with multi-beam simultaneous reception, Mpss/sss, Mmeas and MSSB_index can be reduced.
Table 9.2.5.1-2: Time period for PSS/SSS detection, (Frequency range FR2)

	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max(600ms, ceil(Mpss/sss_sync_w/o_gaps  x Kp x Klayer1_measurement)  x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(600ms, ceil(1.5 x Mpss/sss_sync_w/o_gaps  x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil(Mpss/sss_sync_w/o_gaps  x Kp x Klayer1_measurement)  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


Another impact is about Klayer1_measurement, which exists in intra-frequency measurement without MG and inter-frequency measurement without MG. If there is overlapping between the reference signals configured for RLM, BFD, CBD or L1-RSRP on FR2 serving frequency and SMTC or SSB symbols, Klayer1_measurement = 1.5. With multiple simultaneous reception, even if there is overlapping between reference signals configured for RLM, BFD, CBD or L1-RSRP on FR2 serving frequency and SMTC or SSB symbols, it is possible that UE could perform RLM/ BFD/ CBD/ L1-RSRP and L3 measurement simultaneously, which means Klayer1_measurement of 1.5 is not always applied.
Proposal 3: for intra-frequency measurement without MG and inter-frequency measurement without MG, it is proposed to consider the update of Klayer1_measurement.

· In detail, with multiple simultaneous reception, even if there is overlapping between reference signals configured for RLM, BFD, CBD, L1-RSRP and SMTC, Klayer1_measurement of 1.5 is not always applied, smaller value is expected.
Existing requirements on L1-RSRP measurement based on SSB is duplicated as following table 9.5.4.1-2. N is about the RX beam sweeping, and value of N is settled as 8. With simultaneous DL reception from different directions, it is not suitable to assmue 8, smaller value is expected.  

Table 9.5.4.1-2: Measurement period TL1-RSRP_Measurement_Period_SSB for FR2

	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil(M*P*N)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N)*max(TDRX,TSSB))

	DRX cycle > 320ms
	ceil(1.5*M*P*N)*TDRX

	Note:
TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.


Proposal 4: for L1-RSRP measurement based on SSB, it is proposed to update the value of N (smaller than 8 is expected.)
Another impact on L1-RSRP measurement (including SSB based measurement and CSI-RS based measurement) is Psharing factor. The value of P is related with Psharing factor. In existing requirements, if SSB/CSI-RS configured for L1-RSRP measurement outside measurement gap is overlapped with SSB symbols indicated by SSB-ToMeasure, Psharing factor = 3. However, with multi-beam simultaneous reception, even if there is overlapping, it is possible that UE could perform L1-RSRP measurement and L3 measurement simultaneously, which means Psharing factor of 3 is not always applied.
Proposal 5: for L1-RSRP measurement (including SSB based measurement and CSI-RS based measurement), it is proposed to consider the update of Psharing factor.

· In detail, with multiple simultaneous reception, even if there is overlapping between SSB/CSI-RS configured for L1-RSRP measurement and SSB symbols indicated by SSB-ToMeasure, Psharing factor of 3 is not always applied, smaller value is expected.
The situation in L1-SINR measurement is similar as that in L1-RSRP measurement. For L1-SINR measurement with SSB based CMR and dedicated IMR configured. The value of N, which reflect the impact of RX beam sweeping, is always 8 in existing requirements. With simultaneous DL reception from different directions, smaller value is expected.
Proposal 6: for L1-SINR measurement with SSB based CMR and dedicated IMR configured, it is proposed to update the value of N (smaller than 8 is expected.)

In existing L1-SINR requirements, including L1-SINR measurement with CSI-RS based CMR and no dedicated IMR configured, L1-SINR measurement with SSB based CMR and dedicated IMR configured, L1-SINR measurement with CSI-RS based CMR and dedicated IMR configured, Psharing factor = 3 if SSB/CSI-RS configured for L1-SINR measurement outside measurement gap is overlapped with SSB symbols indicated by SSB-ToMeasure. However, with multi-beam simultaneous reception, even if there is overlapping, it is possible that UE could perform L1-SINR measurement and L3 measurement simultaneously, which means Psharing factor of 3 is not always applied.
Proposal 7: for L1-RSRP measurement (including L1-SINR measurement with CSI-RS based CMR and no dedicated IMR configured, L1-SINR measurement with SSB based CMR and dedicated IMR configured, L1-SINR measurement with CSI-RS based CMR and dedicated IMR configured), it is proposed to consider the update of Psharing factor.

· In detail, with multiple simultaneous reception, even if there is overlapping between SSB/CSI-RS configured for L1-SINR measurement and SSB symbols indicated by SSB-ToMeasure, Psharing factor of 3 is not always applied, smaller value is expected.
For RLM, BFD, CBD, similar issues as L1 measurement exist. The value of N and Psharing factor need to be updated with multi-beam simultaneous reception. Since the discussion is similar, no detailed analysis is provided.
For CSI-RS based measurement, including L1 measurement, RLM, BFD, N=1 is applied in existing delay requirements assuming QCL information is provided and no RX beam sweeping is needed. One exception is for CSI-RS based CBD, in order to find the candidate beam to recover link, RX beam sweeping is necessary, N=8 is applied in existing requirements. Reduction can be considered with multi-beam simultaneous reception. 
Proposal 8: For SSB based RLM/BFD measurement (TEvaluate_out_SSB, TEvaluate_in_SSB, TEvaluate_BFD_SSB), it is proposed to update the value of N (smaller than 8 is expected) 
Proposal 9: For SSB based CBD and CSI-RS based CBD (TEvaluate_CBD_SSB, TEvaluate_CBD_CSI-RS), it is proposed to update the value of N (smaller than 8 is expected)
Proposal 10: For RLM/ BFD/CBD measurement (including both SSB based measurement and CSI-RS based measurement), it is proposed to consider the update of Psharing factor.

· In detail, with multiple simultaneous reception, even if there is overlapping between SSB/CSI-RS configured for RLM/ BFD/CBD measurement and SSB symbols indicated by SSB-ToMeasure, Psharing factor of 3 is not always applied, smaller value is expected.
It is expected that MAC-CE based TCI state switch delay is impacted by simultaneous DL reception from different directions. If the target TCI state is unknown, T L1-RSRP, which is the time for Rx beam refinement in FR2, is included in the TCI state switch delay requirements. And TL1-RSPR_Measurement_Period_SSB and TL1-RSRP_Measurement_Period_CSI-RS are reused to define T L1-RSRP, which means enhancement on L1-RSRP measurement as proposed in proposal 4 and 5 are also applied.
Proposal 11: for MAC-CE based TCI state switch delay with unknown target TCI state, the reduction on switch delay requirements can be considered (i.e. consider the improvement of TL1-RSRP with multiple simultaneous reception)  
In idle/inactive mode, the cell re-selection requirements for FR2 are related with scaling factor N1, which reflect the RX beam switching. Taking cell re-selection requirements for intra-frequency measurment as an example, the existing requirements are duplicated as in Table 4.2.2.3-1. It can be seen that for FR2, the value of N1 is pending on the DRX cycle length. With 0.32s DRX cycle, N1 is 8, which results in long delay. It is better to consider the reduction of N1 with multiple simultaneous reception. However, on the other hand, power saving is very important, and considering the enhancement of cell re-selection requirements are defined in Rel-17 FR2 HST, whether it is necessary to consider the reduction of N1 with multiple simultaneous reception for non-HST scenario can be further discussed.
Table 4.2.2.3-1: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra

[s] (number of DRX cycles)

	
	FR1
	FR2Note1
	
	
	

	0.32
	1
	8
	11.52 x N1 x M2 (36 x N1 x M2)
	1.28 x N1 x M2 (4 x N1 x M2)
	5.12 x N1 x M2 (16 x N1 x M2)

	0.64
	
	5
	17.92 x N1 (28 x N1)
	1.28 x N1 (2 x N1)
	5.12 x N1 (8 x N1)

	1.28
	
	4
	32 x N1 (25 x N1)
	1.28 x N1 (1 x N1)
	6.4 x N1 (5 x N1)

	2.56
	
	3
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	Note 1:
Applies for UE supporting power class 2&3&4. For UE supporting power class 1 or 5, N1 = 8 for all DRX cycle length.
Note 2:
M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1. If different SMTC periodicities are configured for different cells, the SMTC periodicity in this note is the one used by the cell being identified. During PSS/SSS detection, the periodicity of the SMTC configured for the intra-frequency carrier is assumed, and if the actual SSB transmission periodicity is greater than the SMTC configured for the intra-frequency carrier, longer Tdetect, NR_intra is expected.


Proposal 12: for cell re-selection requirements in idle/inactive mode, it is proposed to discuss whether to consider the reduction of N1 with multiple simultaneous reception.
3. Conclusion
This contribution provides discussion on RRM requirement(s) for enhanced FR2 UEs with simultaneous DL reception from different directions. The proposals are:
Proposal 1: For L3 measurement in connected mode, all the existing scenarios (intra-frequency measurements without MG, intra-frequency measurements with MG, inter-frequency measurement with MG, inter-frequency measurement without MG) need to be considered for the delay improvement with multi-beam simultaneous reception. 

Proposal 2: For L3 measurement in connected mode, with multi-beam simultaneous reception, Mpss/sss, Mmeas and MSSB_index can be reduced.
Proposal 3: for intra-frequency measurement without MG and inter-frequency measurement without MG, it is proposed to consider the update of Klayer1_measurement.

· In detail, with multiple simultaneous reception, even if there is overlapping between reference signals configured for RLM, BFD, CBD, L1-RSRP and SMTC, Klayer1_measurement of 1.5 is not always applied, smaller value is expected.
Proposal 4: for L1-RSRP measurement based on SSB, it is proposed to update the value of N (smaller than 8 is expected.)

Proposal 5: for L1-RSRP measurement (including SSB based measurement and CSI-RS based measurement), it is proposed to consider the update of Psharing factor.

· In detail, with multiple simultaneous reception, even if there is overlapping between SSB/CSI-RS configured for L1-RSRP measurement and SSB symbols indicated by SSB-ToMeasure, Psharing factor of 3 is not always applied, smaller value is expected.
Proposal 6: for L1-SINR measurement with SSB based CMR and dedicated IMR configured, it is proposed to update the value of N (smaller than 8 is expected.)

Proposal 7: for L1-RSRP measurement (including L1-SINR measurement with CSI-RS based CMR and no dedicated IMR configured, L1-SINR measurement with SSB based CMR and dedicated IMR configured, L1-SINR measurement with CSI-RS based CMR and dedicated IMR configured), it is proposed to consider the update of Psharing factor.

· In detail, with multiple simultaneous reception, even if there is overlapping between SSB/CSI-RS configured for L1-SINR measurement and SSB symbols indicated by SSB-ToMeasure, Psharing factor of 3 is not always applied, smaller value is expected.
Proposal 8: For SSB based RLM/BFD measurement (TEvaluate_out_SSB, TEvaluate_in_SSB, TEvaluate_BFD_SSB), it is proposed to update the value of N (smaller than 8 is expected) 
Proposal 9: For SSB based CBD and CSI-RS based CBD (TEvaluate_CBD_SSB, TEvaluate_CBD_CSI-RS), it is proposed to update the value of N (smaller than 8 is expected)
Proposal 10: For RLM/ BFD/CBD measurement (including both SSB based measurement and CSI-RS based measurement), it is proposed to consider the update of Psharing factor.

· In detail, with multiple simultaneous reception, even if there is overlapping between SSB/CSI-RS configured for RLM/ BFD/CBD measurement and SSB symbols indicated by SSB-ToMeasure, Psharing factor of 3 is not always applied, smaller value is expected.
Proposal 11: for MAC-CE based TCI state switch delay with unknown target TCI state, the reduction on switch delay requirements can be considered (i.e. consider the improvement of TL1-RSRP with multiple simultaneous reception)  
Proposal 12: for cell re-selection requirements in idle/inactive mode, it is proposed to discuss whether to consider the reduction of N1 with multiple simultaneous reception.
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