3GPP TSG-RAN WG4 Meeting #102-e                           R4-2204267
Electronic Meeting, February 21 – March 3, 2022
Agenda Item:
10.19.3.2
Source: 
CMCC

Title: 


 Discussion on inter-cell beam management
Document for:
Discussion 
1. Introduction

In the last meeting, there is discussion on inter-cell beam management, a WF was agreed [1]. This contribution provides further discussion on this topic.
2. Discussion 
For inter-cell L1-RSRP measurement performed outside SMTC for FR1 and FR2, it was agreed that the timing offset between a serving cell and a cell with different PCI is within one CP and take one FFT as the assumption [1]. While for inter-cell L1-RSRP measurement performed within SMTC, it is FFS and the candidate options are duplicated as following:

	· For inter-cell L1-RSRP measurement performed inside SMTC

· In FR1, FFS for whether UE is able to simultaneous measure L1 for serving cell and non-serving cell within SMTC

· Option 1: UE is able to simultaneous measure L1 for serving cell and non-serving cell within SMTC assuming L1-RSRP is intermediate results of L3-RSRP measurement, i.e., without L3 filter, UE could obtain the L1 results

· Option 2: UE is NOT able to simultaneous measure L1 for serving cell and non-serving cell within SMTC considering side condition (SNR range) is different for L3 and L1 measurement which result in different UE complexity

· FFS: In FR2, requirements will be specified regardless the timing offset assumptions between serving cell and cell with different PCI.


According to TS 38.300, in RRC_CONNECTED, the UE measures multiple beams (at least one) of a cell and the measurements results (power values) are averaged to derive the cell quality. In doing so, the UE is configured to consider a subset of the detected beams. Filtering takes place at two different levels: at the physical layer to derive beam quality and then at RRC level to derive cell quality from multiple beams. Cell quality from beam measurements is derived in the same way for the serving cell(s) and for the non-serving cell(s). According to the measurement model duplicated as following Figure 1, it can be seen that L1-RSRP is the intermediate result of L3-RSRP measurement.
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Figure 1 measurement model
Observation 1: according to the measurement model in TS 38.300, L1-RSRP is the intermediate result of L3-RSRP measurement.
According to existing measurement delay requirements for FR1 intra-frequency, there is no sharing factor between SC and NSC for FR1. there is only scaling factors of Kp, and Kp is introduced considering whether SMTC is partially overlapping or fully overlapping with measurement gaps. At least in our understanding, according to existing requirements, UE simultaneous measure SC and NSC L3 for FR1 intra-frequency case, which means there is no restriction on timing offset and FFT for FR1 L3 measurement.
Observation 2: according to existing L3 measurement requirements for intra-frequency, UE simultaneously measure L3 for serving cell and non-serving cell regardless timing offset.
L1-RSRP is the intermediate result of L3-RSRP measurement, and UE simultaneously measure L3 for serving cell and non-serving cell regardless timing offset. Taking above two observations into account, it can be concluded that UE is able to simultaneous measure L1 for serving cell and non-serving cell within SMTC, and no need to have restriction on timing offset.
Proposal 1: for the case within SMTC, UE is able to simultaneously measure L1 for serving cell and L1 for non-serving cell (i.e. no need to limit the timing offset within CP)

For L1-RSRP measurement delay requirements on cell with different PCI from serving cell, we will discuss FR1 and FR2 separately. 
For FR1, taking SSB based measurement as an example, the existing L1-RSRP measurement delay requirements on serving cell are duplicated as following Table 1. M=1 if higher layer parameter timeRestrictionForChannelMeasurement is configured, and M=3 otherwise. P=1/(1-TSSB/MGRP) when in the monitored cell there are measurement gaps configured for intra-frequency, inter-frequency or inter-RAT measurements, which are overlapping with some but not all occasions of the SSB; and P=1 when in the monitored cell there are no measurement gaps overlapping with any occasion of the SSB. For L1-RSRP measurement on cell with different PCI from serving cell, M and P can be reused. 

Another issue is the UE behavior when there is overlapping between SSB for serving cell and SSB for cell with different PCI. As we discussed in Proposal 1, in our view, UE is able to simultaneously measure L1 for serving cell and non-serving cell within SMTC, no additional delay is expected. In this case, existing R15/16 L1-RSRP measurement delay requirements can be reused. Similarly, for the case outside SMTC, if timing offset between a serving cell and a cell with different PCI is within CP, no additional delay is expected and existing R15/16 L1-RSRP measurement delay requirements can be reused. For above two cases, since UE is able to simultaneously measure L1 for serving cell and non-serving cell within SMTC, no need to limit the requirements to be applied only for Nmax=1. Pending on UE capability of Nmax, the same requirements can be reused.
Table 1: Measurement period TL1-RSRP_Measurement_Period_SSB for FR1 (existing Rel-15/16 L1-RSRP measurement delay requirements on serving cell)
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

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

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

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

	Note 1:
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.
Note 2:
K = 1 when TSSB ≤ 40 ms and highSpeedMeasFlag-r16 are configured; otherwise K = 1.5.
Note 3:
When highSpeedMeasFlag-r16 is configured, the requirements apply only to UE supporting either measurementEnhancement-r16 or [intraRAT-MeasurementEnhancement-r16].


Proposal 2: for FR1 L1-RSRP measurement delay requirements on cell with different PCI from serving cell, it is proposed as following:
· For the L1-RSRP measurement performed within SMTC, existing R15/16 L1-RSRP measurement delay requirements can be reused, assuming UE is able to simultaneously measure L1 for serving cell and non-serving cell 

· For UE supporting different value of Nmax, same requirements applied (i.e. Nmax has no impact on the delay requirements)

· For the L1-RSRP measurement performed outside SMTC, if timing offset between a serving cell and a cell with different PCI is within CP, existing R15/16 L1-RSRP measurement delay requirements can be reused

· For UE supporting different value of Nmax, same requirements applied (i.e. Nmax has no impact on the delay requirements)

For FR2, taking SSB based measurement as an example, the existing L1-RSRP measurement delay requirements on serving cell are duplicated as following Table 2. M=1 if higher layer parameter timeRestrictionForChannelMeasurement is configured, and M=3 otherwise. N =8. And P is the scaling factor considering whether there is overlapping between SSB and SMTC/MG. One component of P is Psharing factor, which is used for the case that the SSB occasions used for L1-RSRP are fully overlapped with SMTC. For L1-RSRP measurement delay requirements on cell with different PCI from serving cell, M, N and P can be reused. 

One thing to be considered is the UE behavior when SSB for serving cell and SSB for cell with different PCI are overlapped. With the assumption is that UE can only measure one direction at a time for FR2, additional sharing factor is necessary. In detail, there are three cases as following:
· Case 1: SSB for serving cell and SSB for cell with different PCI are partially overlapped, SSB period for serving cell > SSB period for cell with different PCI 

· Case 2: SSB for serving cell and SSB for cell with different PCI are partially overlapped, SSB period for serving cell < SSB period for cell with different PCI
· Case 3: SSB for serving cell and SSB for cell with different PCI are fully overlapped
For case 1, since SSB period for serving cell > SSB period for cell with different PCI, UE can perform NSC L1-RSRP measurement on the SSB occasions which is not overlapped with SSB of serving cell. For this case, the NSC L1-RSRP measurement delay needs to be multiplied by 1/(1-TSSB_NSC/TSSB_SC), no impact on SC L1-RSRP measurement delay.

For case 2, since SSB period for serving cell < SSB period for cell with different PCI, UE can perform SC L1-RSRP measurement on the SSB occasions which is not overlapped with SSB of cell with different PCI. For this case, the SC L1-RSRP measurement delay needs to be multiplied by 1/(1-TSSB_SC/TSSB_NSC), no additional scaling factor is expected for NSC L1-RSRP measurement delay.
For case 3, since SSB for serving cell and SSB for cell with different PCI are fully overlapped, both NSC L1-RSRP measurement delay requirements and SC L1-RSRP measurement delay requirements need to consider additional scaling factor.
Table 2: Measurement period TL1-RSRP_Measurement_Period_SSB for FR2 (existing Rel-15/16 L1-RSRP measurement delay requirements on serving cell)
	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 3: For FR2 L1-RSRP measurement delay requirements on cell with different PCI from serving cell, it is proposed that on top of Rel-15/16 requirements, new scaling factor of PNSC is needed. The details are as following:

· For the case that SSB for serving cell and SSB for cell with different PCI are partially overlapped, if SSB period for serving cell > SSB period for cell with different PCI:

· for NSC L1-RSRP measurement delay, PNSC = 1/(1-TSSB_NSC/TSSB_SC) (assuming UE only perform NSC L1-RSRP measurement on the SSB occasions which is not overlapped with SSB of serving cell)

· for SC L1-RSRP measurement delay, PNSC = 1 (i.e. no impact on SC L1-RSRP measurement delay)

· For the case that SSB for serving cell and SSB for cell with different PCI are partially overlapped, if SSB period for serving cell < SSB period for cell with different PCI:
· for NSC L1-RSRP measurement delay, PNSC = 1 

· for SC L1-RSRP measurement delay, PNSC = 1/(1-TSSB_SC/TSSB_NSC) (assuming UE only perform SC L1-RSRP measurement on the SSB occasions which is not overlapped with SSB of non-serving cell)

· For the case that SSB for serving cell and SSB for cell with different PCI are fully overlapped
· for NSC L1-RSRP measurement delay, PNSC = X, the value of X can be further discussed

· for SC L1-RSRP measurement delay, PNSC = Y, the value of Y can be further discussed
For the case that L1-RSRP is performed outside SMTC, timing offset between a serving cell and a cell with different PCI is more than CP, for the UE cannot perform the L1-RSRP on NSC simultaneously, it can be assumed that UE perform the L1 measurement on target NSC cell sequentially, and the scaling factor represents the number of the target NSC(s) can be considered.    

Proposal 4: for the case that L1-RSRP is performed outside SMTC, timing offset between a serving cell and a cell with different PCI is more than CP, if RAN4 agree to specify requirements for this case, the L1-RSRP measurement delay requirements is proposed as following:

· TL1-RSRP_Measurement_NSC = K *M*P *N* max(TDRX,TSSB), where N is the number of target NSC(s) which is measured outside SMTC, K, M, P is same as defined in Rel-15/16 L1-RSRP delay requirements. 
3. Conclusion
This contribution provides discussion on inter-cell beam management. The observations and proposals are:
Proposal 1: for the case within SMTC, UE is able to simultaneously measure L1 for serving cell and L1 for non-serving cell (i.e. no need to limit the timing offset within CP)

Proposal 2: for FR1 L1-RSRP measurement delay requirements on cell with different PCI from serving cell, it is proposed as following:

· For the L1-RSRP measurement performed within SMTC, existing R15/16 L1-RSRP measurement delay requirements can be reused, assuming UE is able to simultaneously measure L1 for serving cell and non-serving cell 

· For UE supporting different value of Nmax, same requirements applied (i.e. Nmax has no impact on the delay requirements)

· For the L1-RSRP measurement performed outside SMTC, if timing offset between a serving cell and a cell with different PCI is within CP, existing R15/16 L1-RSRP measurement delay requirements can be reused

· For UE supporting different value of Nmax, same requirements applied (i.e. Nmax has no impact on the delay requirements)

Proposal 3: For FR2 L1-RSRP measurement delay requirements on cell with different PCI from serving cell, it is proposed that on top of Rel-15/16 requirements, new scaling factor of PNSC is needed. The details are as following:

· For the case that SSB for serving cell and SSB for cell with different PCI are partially overlapped, if SSB period for serving cell > SSB period for cell with different PCI:

· for NSC L1-RSRP measurement delay, PNSC = 1/(1-TSSB_NSC/TSSB_SC) (assuming UE only perform NSC L1-RSRP measurement on the SSB occasions which is not overlapped with SSB of serving cell)

· for SC L1-RSRP measurement delay, PNSC = 1 (i.e. no impact on SC L1-RSRP measurement delay)

· For the case that SSB for serving cell and SSB for cell with different PCI are partially overlapped, if SSB period for serving cell < SSB period for cell with different PCI:
· for NSC L1-RSRP measurement delay, PNSC = 1 

· for SC L1-RSRP measurement delay, PNSC = 1/(1-TSSB_SC/TSSB_NSC) (assuming UE only perform SC L1-RSRP measurement on the SSB occasions which is not overlapped with SSB of non-serving cell)

· For the case that SSB for serving cell and SSB for cell with different PCI are fully overlapped

· for NSC L1-RSRP measurement delay, PNSC = X, the value of X can be further discussed

· for SC L1-RSRP measurement delay, PNSC = Y, the value of Y can be further discussed
Proposal 4: for the case that L1-RSRP is performed outside SMTC, timing offset between a serving cell and a cell with different PCI is more than CP, if RAN4 agree to specify requirements for this case, the L1-RSRP measurement delay requirements is proposed as following:

· TL1-RSRP_Measurement_NSC = K *M*P *N* max(TDRX,TSSB), where N is the number of target NSC(s) which is measured outside SMTC, K, M, P is same as defined in Rel-15/16 L1-RSRP delay requirements. 
Observation 1: according to the measurement model in TS 38.300, L1-RSRP is the intermediate result of L3-RSRP measurement.

Observation 2: according to existing L3 measurement requirements for intra-frequency, UE simultaneously measure L3 for serving cell and non-serving cell regardless timing offset.
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