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1 Introduction
In this meeting, we will provide our view regarding to inter-cell beam management, the WF [1] in last meeting is as follows:
	· RAN4 needs to specify the intra-frequency L1-RSRP measurement requirements for NSCs 
· RAN4 needs to specify the intra-frequency L1-RSRP measurement accuracy requirements for NSCs 
· For non-serving L1-RSRP measurement of single panel FR2 UE, requirements will be applied if UE only measure L1-RSRP from one single cell at a time. 
· To guarantee UE’s mobility performance, RAN4 shall agree that PCell/PSCell’s L3-RSRP measurement delay shall not be impacted by NSC measurements. FFS UE measurement behaviour for L1-RSRP.
· RAN4 will further study if UE only performs L1-RSRP measurements on the identified NSC(s)


2 Beam measurement for inter cell management
The inter-cell beam management includes:
· Inter-cell Beam measurement
· Inter-cell Beam report
· Inter-cell Beam indication 
In this section, we will discuss beam measurement first. We notice that the wording of non-serving cell may be not so accurate, in the following, we still use NSC(non-serving cell) to indicate cell with another PCI which is different from serving cell to differentiate the case.
2.1 SSB configuration for inter-cell management
RAN1 agreed that SSB based L1-RSRP can be used as reporting quantity for measurement and reporting of for inter-cell beam management. Here, we will discuss SSB based L1-RSRP related requirement firstly. The first issue is how NW configure NSC information which is used for L1 measurement, e.g. SSB location, PCI.
In updated WID, it specified that beam measurement and reporting mechanism for inter-cell beam management and inter-cell mTRP will be the same and inter-cell beam management will have no L3 impact.
Furthermore, in the agreed LS[2], RAN1 confirm:
	Question 1: RAN2 notes that WI objective 1 states " The same beam measurement/reporting mechanism will be reused for inter-cell mTRP "). RAN2 would like to understand if the entire inter-cell BM is also applicable to inter-cell mTRP? If not, which part is not applicable to mTRP and how does that work?

Answer 1: Rel17 Inter-cell BM and inter-cell mTRP have common points but they are not entirely the same. The common and different points are as follows: they both use the same beam measurement/reporting mechanisms but they have different TCI signaling framework (beam indication) as inter-cell BM is based on Rel17 unified TCI while inter-cell mTRP is based on Rel15/16 TCI framework. For inter-cell BM, UE assumes that the UE-dedicated channels/RSs can be switched to a TRP with different PCI according to DCI/MAC-CE based unified TCI update; for inter-cell mTRP, UE assumes mDCI-mTRPbased multi-PDSCH reception.

c) SSB reception: is the UE able to always receive CD-SSB from serving cell TRP when needed and is there any impact to RRM measurements of serving or neighbour cells?
Answer 2.c: The UE is always able to receive CD-SSB from serving cell TRP. There is no impact on RRM measurements of serving or neighbour cells.



Here, CD SSB means cell-defining SSB. Terminology came from RAN2 and should define all SSBs associated with PCID.
Observation 1: Beam measurement and reporting mechanism for inter-cell beam management and inter-cell mTRP are the same.
Observation 2: Inter-cell beam indication will use Rel-17 unified TCI framework.
Observation 3: Inter-cell beam management will have no impact on RRM measurements of serving or neighbour cells.
In order to support inter-cell mTRP beam management, RAN1 has send a LS to RAN2[3] to ask RAN2 to help design signaling related to NSC information indication, it’s applied for inter-cell beam management as well, some of the agreements are as follow:

	Agreement from RAN1#103-e
Agreement
The information provided by SSB-Configuration-r16/ssb-InfoNcell-r16 and/or MeasObject can be starting point for providing NSC information
Agreements from RAN1#104-e
Agreement
NSC information at least includes NSC PCI to support inter-cell multi-DCI multi-TRP operation
· FFS: Whether the indication of PCI is implicit or explicit
Conclusion
Reuse Rel-15/16 QCL rule between the source and target RS/channel for NSC RS/channel.
Agreement
At least following NSC SSB information are needed in inter-cell MTRP operation
· SSB time domain position
· SSB transmission periodicity
· SSB transmission power
FFS: Other NSC information
FFS: Whether indication of these information is implicit or explicit
Agreements from RAN1#106-e
Agreement
Introduce a new RRC indicator/signaling (e.g., re-index the NSC) to indicate the NSC information that a TCI state/QCL information is associated with, where the new indicator/signaling is not the exact PCI value
· Detailed signaling design is up to RAN2



From the agreement, we can see that for NSC L1 measurement, a new RRC signaling will be designed and at least PCI and SSB configuration will be provided. There is no limitation about the SSB location, whether it’s inside SMTC or not.
Observation 4: For inter-cell beam measurement, a new RRC signaling will be designed, at least PCI and SSB configuration of (non-serving cell) will be provided.
Observation 5: There is no configuration limitation about the SSB location for L1-RSRP, i.e. whether SSB is inside SMTC or not.
Considering observation 2 and 4, we can notice that SSB location for L1-RSRP and SSB for L3 measurement is independent and L3 measurement has higher priority. Here the L3 measurement includes both serving cell L3 measurement and NSC L3 measurements.
Proposal 1: For inter-cell beam measurement, there is no configuration limitation about the SSB location for L1-RSRP, i.e. whether SSB is inside SMTC or not.
Proposal 2: For inter-cell beam measurement, it will have no impact on L3 measurement, where L3 measurement includes both serving cell L3 measurement and NSC L3 measurements.
2.2 Side condition for inter-cell measurement
The next issue is regarding to side condition which will have impact on the measurement period for NSC L1-RSRP measurement.
For legacy L3 measurement, the side condition is -6dB. while for L1-RSRP in serving cell, the side condition is -3dB. The originally one purpose of inter-cell beam management is used to L1 handover, even though at least it’s decided that handover will still be performed by L3.  For L3 handover, the side condition is -2dB. From our understanding, L1-RSRP for NSC will be applied when channel quality is relative good, which is similar as that for legacy serving cell L1-RSRP or HO.
It’s better to be at least equal or higher than -3dB. since we already have measurement accuracy requirement legacy for L1-RSRP, for simplicity, we suggest to re-use the side condition of legacy L1-RSRP.
Proposal 3: For inter-cell L1-RSRP measurement, L1-RSRP will be applied when channel quality is relative good, thus side condition is defined as -3dB.
2.3 Measurement period and accuracy for inter-cell measurement
Measurement period will depend on the side condition and accuracy requirement.  We suggest to re-use the intra-frequency measurement accuracy defined in legacy L1-RSRP measurement for serving cell, where measurement accuracy is defined based on single shot estimation.
Proposal 4: For inter-cell L1-RSRP measurement, re-use legacy intra-frequency L1-RSRP measurement accuracy requirement.
For L1-RSRP on serving cell, 1 or 3 samples is defined, depending on if timeRestrictionForChannelMeasurement is configured or not. timeRestrictionForChannelMeasurement is configured in CSI-ReportConfig which is used for serving cell. I don’t think that it can be used in NSC measurement. We are not sure if there are any other similar signaling defined in inter-cell beam reporting. Therefore, we suggest to define measurement period based on single shot at first stage. For FR2, N=8 is re-used to find the best Rx beam.
Proposal 5: For inter-cell L1-RSRP measurement, single shot is considered as the baseline for defining measurement period and don’t consider timeRestrictionForChannelMeasurement. 
As analyzed before, SSB location for inter-cell L1-RSRP is configured without limitation, it may collide with SMTC and measurement gap. Following, we will discuss the UE behavior regarding the confliction if SSB is configured with NSC L1-RSRP and L3 measurement at the same time. 
For FR1,  UE can perform both measurements simultaneously outside Gap.
For FR2, there are three options:
· Option 1: Only SSBs outside SMTC and MG can be used for NSC L1-RSRP measurement.  since RX beam for NSC L1-RSRP and L3 measurement during SMTC may not the same, which is similar with legacy L1-RSRP for serving cell. NSC L1-RSRP can only be shared with RLM/BFD/L1-RSRP of serving cell. The drawback of the option is that measurement requirement of RLM/L1-RSRP/BFD for serving cell will be delayed.
· Option 2: SSBs inside SMTC is be used for NSC L1-RSRP and skip SSB for L1-RSRP/BFD/RLM for serving cell. Since no L3 measurement will be impacted, in the SMTC, the same RX beam for L3 measurement will be re-used for NSC L1-RSRP.  The advantage of this option is that measurement period for L1 serving cell measurement will not be delayed. However, For NSC L1-RSRP, it may not find the best RX beam, and the L1-RSRP reporting result is not accurate. 
· Option 3: SSB inside SMTC and outside SMTC are both used. During SMTC, even the RX beam is not so accurate, it can still provide some results for Rx beam sweeping somehow for NSC L1-RSRP. Then outside SMTC, UE can find the best beam using less samples. Therefore, the impact to legacy RLM/L1-RSRP/BFD serving cell measurement will be reduced.
Option 3 seems to be an enhancement of option 1. Therefore, we prefer option 1 as the worst case.
In legacy requirement, P factor is designed to solve this issue when SSB is overlapped with SMTC and Gap, which can be used as the starting point.
Since NSC L1-RSRP can only be shared with RLM/BFD/L1-RSRP of serving cell, the factor P will be further scaled for all of them, i.e. X*P. for example, X=1.5, 2 or 3, which is FFS. 
Proposal 6: For FR2, Only SSBs outside SMTC and MG can be used for NSC(non-serving cell) L1-RSRP measurement. NSC L1-RSRP measurement will be shared with RLM/BFD/L1-RSRP of serving cell. A sharing factor X is further introduced for P factor defined in legacy measurement period requirement, e.g. X*P.
A special case is when SMTC and SSB for NSC L1-RSRP are fully overlapped. In legacy requirement, a sharing factor is introduced for L1 serving cell measurement and L3 measurement. However, since no L3 measurement will be impacted, L3 measurement can’t be shared with NSC L1-RSRP. NSC L1-RSRP can only be performed during SMTC using Rx beam of L3 measurement. As analyzed before, the performance degradation of NSC L1-RSRP is expected since no best RX beam will be found. Therefore, we prefer not to define requirement for this case. If requirement is defined, it needs clarify that performance degradation is expected.
Proposal 7: For FR2, when SMTC and SSB for NSC(non-serving cell) L1-RSRP are fully overlapped, no requirement for NSC L1-RSRP measurement is expected or clarify that performance degradation is expected.
2.4 Cell identification
Another important difference between NSC L1-RSRP measurement and serving cell L1-RSRP measurement is whether synchronization time and SSB index obtaining time is needed, which is similar with TPSS/SSS_sync_intra and TSSB_time_index_intra in L3 measurement, here we can borrow the framework of L3 measurement, but the exact time will be analyzed. The legacy L3 measurement framework is as follows:
Tidentify_intra_with_index = (TPSS/SSS_sync_intra + T SSB_measurement_period_intra + TSSB_time_index_intra) ms
T SSB_measurement_period_intra is the measurement period we discussion in section 2.3, where single shot is as the baseline and scaling factor is different either, which is different from L3 measurement, 
TPSS/SSS_sync_intra is used for PSS/SSS detection and cell rough time synchronization. In current inter-cell beam measurement, however, PCI will be provided, therefore, we don’t need to detect PSS/SSS anymore. Then the question is what’s the time we need for cell rough time synchronization. It’s similar with the cell search time, Tsearch,  in HO.  For example, one SSB sample may be used for cell timing search. The exact time length here can be FFS, which is defined as TSSB_search_inter_L1RSRP_intra for inter-cell beam measurement delay.
Observation 6: TPSS/SSS_sync_intra can’t be re-used since PSS/SSS detection is not needed and SINR condition is different between L3 and L1 measurement. while cell search time is still needed, similar with Tsearch in HO.
TSSB_time_index_intra is the time to obtain SSB index by PBCH decoding. Here, since we are performing beam measurement and SSB index is needed for RX beam sweeping as well as beam reporting. Therefore, TSSB_time_index_intra is still needed, the value can’t be re-used since the side condition for L3 measurement and L1 beam measurement is different. The exact value is FFS.
Observation 7: TSSB_time_index_intra is still needed, but the value can’t be re-used as SINR condition is different between L3 and L1 beam measurement.
Proposal 8: All parameter in legacy intra-frequency measurement cell identification can’t be re-used, i.e. TPSS/SSS_sync_intra, T SSB_measurement_period_intra , TSSB_time_index_intra.
Based on above observation, we suggest to define new cell search time, measurement period, SSB index acquiring time for inter-cell beam measurement.  The framework is like below:
TSSB_inter_L1RSRP_intra = (TSSB_search_inter_L1RSRP_intra + T SSB_inter_L1RSRP_meas_period_intra + TSSB_time_index_intra) ms
Where,
TSSB_search_inter_L1RSRP_intra is cell search time.
T SSB_inter_L1RSRP_meas_period_intra is inter-cell L1-RSRP measurement period.
TSSB_time_index_intra is time to derive SSB index.
Proposal 9: The framework for inter-cell L1-RSRP measurement time is as follows:
TSSB_inter_L1RSRP_intra = (TSSB_search_inter_L1RSRP_intra + T SSB_inter_L1RSRP_meas_period_intra + TSSB_time_index_intra) ms
Where,
    TSSB_search_inter_L1RSRP_intra is cell search time.
   T SSB_inter_L1RSRP_meas_period_intra is inter-cell L1-RSRP measurement period.
   TSSB_time_index_intra is time to derive SSB index.
Since it’s intra-frequency case, there are several cases that cell search timing and SSB index deriving time can be skipped.
For FR1 TDD and FR2 case, and in FR1 FDD where deriveSSB-IndexFromCell is enabled, the network can be assumed synchronized. Both cell search and SSB index acquiring time can be skipped. 
Proposal 10: For FR1 TDD and FR2 case, and in FR1 FDD where deriveSSB-IndexFromCell is enabled, TSSB_search_inter_L1RSRP_intra and TSSB_time_index_intra is 0.
For FR1 FDD, if deriveSSB-IndexFromCell is not enabled, cell search time and SSB index acquiring time are still needed. Recall that in HO, a know condition is defined to skip the cell search procedure if L3 measurement is performed in 5ms.  For L1 measurement, it will be performed after L3 measurement either. NW can identify that the cell quality is good by L3 measurement first. Then NW further request to perform L1 beam measurement for the good cell to find proper beam for data transmission/reception in next step.
Similarly, a known condition can be introduced to reduce the cell search and SSB index acquiring time either. The known condition is based on previous L3 measurement.
Proposal 11: Similarly as HO,  Further discuss if a known condition can be introduced to reduce the cell search and SSB index acquiring time.
2.5 Measurement restriction 
When SSB for inter-cell L1-RSRP is conflicting with CSI-RS based measurement in serving cell, For FR1 and FR2, similar requirement can be applied.
3 Beam indication for inter cell management
RAN1 has some discussion regarding to the beam indication for inter-cell management, from our understanding, inter-cell beam indication is used to change the NSC beam by switching the TCI state. Therefore, the delay of beam indication is the delay of TCI state switch. 
The agreement about inter-cell beam indication is as follows:
	RAM1#106:
Agreement
On Rel.17 beam indication enhancements for inter-cell management, the supported Rel-17 MAC-CE-based and/or DCI-based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE-based TCI state activation) apply to:
· Both joint TCI and separate DL/UL TCI
· FFS: For separate DL/UL TCI, whether the indicated DL TCI and UL TCI are associated with SSBs of a same physical cell ID
Agreement
On Rel.17 beam indication enhancements for inter-cell management, for the supported Rel-17 MAC-CE-based and/or DCI-based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE-based TCI state activation):
· Both MAC-CE based and MAC-CE+DCI-based beam indication schemes are supported
Agreement
On Rel.17 beam indication enhancements for inter-cell beam management, the supported Rel-17 MAC-CE-based and/or DCI-based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE-based TCI state activation) applies to:
· For inter-cell beam management, the support of more than one Rel-17 active DL TCI state / QCL per band is a UE capability
· If UE does not support such capability, MAC-CE based beam indication (activation of one TCI state) can be used to switch between two different DL receptions along two different beams
· Note: The serving cell does not change when beam selection is done
· Note: This does not preclude the possibility for TA update on NSC 
· FFS: For a UE supporting Rel.17 beam indication feature for inter-cell beam management, up to 5 CORESETs can be configured per BWP

Agreement
On Rel.17 beam indication enhancements for inter-cell beam management, the supported Rel-17 MAC-CE-based and/or DCI-based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE-based TCI state activation) applies to:
· The channels and signals as for intra-cell beam management except for non-UE dedicated channels/signals 
· For the aforementioned applicable channels and signals, SSB associated with a physical cell ID different from that of the serving cell is used as an indirect QCL reference for DL TCI (in case of separate DL/UL TCI) or joint TCI, or an indirect/direct QCL reference for UL TCI (in case of separate DL/UL TCI)
· Note: When RS X is an indirect QCL reference of a target channel, there exists at least one other source signal on the QCL chain between RS X and the target channel. Here, Rel-15/16 QCL rule is reused by replacing SSB with SSB associated with a physical cell ID different from that of the serving cell




Also, there is agreement from RAN1[2]:
	f) TCI switching signalling: Which signalling should be used for TCI switching for inter-cell beam management?
Answer 2.f: Inter-cell beam management is going to use Rel-17 unified TCI signaling where RAN1 agreed that a MAC-CE activates one or multiple TCI states out of RRC configured TCI state pool. If multiple TCI states are activated, DCI selects one TCI state among activated ones. If only one TCI state is activated, the activated TCI state is also implicitly selected without further DCI indication.



From the above RAN1 agreement, we have following observations:
Observation 8: For inter-cell beam indication, both joint TCI and sperate DL/UL TCI will be applied.
Observation 9: For inter-cell beam indication, both MAC-CE based and DCI-based beam indication schemes are supported.
Observation 10: For inter-cell beam indication, it’s UE capability to support more than 1 active TCI state. If UE does not support such capability, MAC-CE based beam indication (activation of one TCI state) can be used.
Observation 11: For inter-cell beam indication, SSB associated with a physical cell ID different from that of the serving cell is used as an indirect QCL reference for DL TCI (in case of separate DL/UL TCI) or joint TCI, or an indirect/direct QCL reference for UL TCI (in case of separate DL/UL TCI).

From the observation, both MAC-CE and MAC-CE+DCI based beam indication will be supported for NSC as well and unified TCI framework will be used. Therefore, MAC-CE and DCI based TCI state switch delay requirement will be defined for NSC as well in RAN4.
Proposal 12: MAC-CE and DCI based unified TCI state switch delay requirement will be defined for inter-cell TCI state switch in RAN4.
For inter-cell unified TCI state switch delay, similarly with the case for unified TCI state for serving cell, which we discuss in another contribution[4],  delay requirement will be defined for DL TCI and UL TCI respectively.
Proposal 13: For inter-cell unified TCI state switch delay, delay requirement will be defined for DL TCI and UL TCI respectively, similarly with the case for unified TCI state switch delay in serving cell.
Following, we will analyze the difference between the TCI activation delay requirement between serving cell and NSC.
In legacy delay requirement of DL TCI state switch for serving cell in Rel-16, we have considering the following factors:
1. Whether associated RS is known or not. If not, more Rx beam refine time will be considered.
2.  Whether the target TCI state is in the active TCI state list or not. If not, more delay for timing tracking is needed.
The same methodology can be applied to inter-cell TCI switch delay. Besides, we need to consider the difference introduced by the source RS which is SSB associated with a physical cell ID different from that of the serving cell.
For example, in legacy TCI state switch, we define the requirement based on TCI state in the active TCI state list or not, if not, extra DL timing tracking for serving cell is needed. However, if  source RS is SSB associated with different PCI, how to consider the time for timing tracking needs further discussion.
Proposal 14: For Inter-cell TCI state switch delay, impact of SSB associated with different PCI needs to be considered. 
4 Conclusion
In this contribution, we provide our views regarding inter-cell beam management in FeMIMO:
Observation 1: Beam measurement and reporting mechanism for inter-cell beam management and inter-cell mTRP are the same.
Observation 2: Inter-cell beam indication will use Rel-17 unified TCI framework.
Observation 3: Inter-cell beam management will have no impact on RRM measurements of serving or neighbour cells.
Observation 4: For inter-cell beam measurement, a new RRC signaling will be designed, at least PCI and SSB configuration of (non-serving cell) will be provided.
Observation 5: There is no configuration limitation about the SSB location for L1-RSRP, i.e. whether SSB is inside SMTC or not.
Proposal 1: For inter-cell beam measurement, there is no configuration limitation about the SSB location for L1-RSRP, i.e. whether SSB is inside SMTC or not.
Proposal 2: For inter-cell beam measurement, it will have no impact on L3 measurement, where L3 measurement includes both serving cell L3 measurement and NSC L3 measurements.
Proposal 3: For inter-cell L1-RSRP measurement, L1-RSRP will be applied when channel quality is relative good, thus side condition is defined as -3dB.
Proposal 4: For inter-cell L1-RSRP measurement, re-use legacy intra-frequency L1-RSRP measurement accuracy requirement.
Proposal 5: For inter-cell L1-RSRP measurement, single shot is considered as the baseline for defining measurement period and don’t consider timeRestrictionForChannelMeasurement. 
Proposal 6: For FR2, Only SSBs outside SMTC and MG can be used for NSC(non-serving cell) L1-RSRP measurement. NSC L1-RSRP measurement will be shared with RLM/BFD/L1-RSRP of serving cell. A sharing factor X is further introduced for P factor defined in legacy measurement period requirement, e.g. X*P.
Proposal 7: For FR2, when SMTC and SSB for NSC(non-serving cell) L1-RSRP are fully overlapped, no requirement for NSC L1-RSRP measurement is expected or clarify that performance degradation is expected.
Observation 6: TPSS/SSS_sync_intra can’t be re-used since PSS/SSS detection is not needed and SINR condition is different between L3 and L1 measurement. while cell search time is still needed, similar with Tsearch in HO.
Observation 7: TSSB_time_index_intra is still needed, but the value can’t be re-used as SINR condition is different between L3 and L1 beam measurement.
Proposal 8: All parameter in legacy intra-frequency measurement cell identification can’t be re-used, i.e. TPSS/SSS_sync_intra, T SSB_measurement_period_intra , TSSB_time_index_intra.
Proposal 9: The framework for inter-cell L1-RSRP measurement time is as follows:
TSSB_inter_L1RSRP_intra = (TSSB_search_inter_L1RSRP_intra + T SSB_inter_L1RSRP_meas_period_intra + TSSB_time_index_intra) ms
Where,
    TSSB_search_inter_L1RSRP_intra is cell search time.
   T SSB_inter_L1RSRP_meas_period_intra is inter-cell L1-RSRP measurement period.
   TSSB_time_index_intra is time to derive SSB index.
Proposal 10: For FR1 TDD and FR2 case, and in FR1 FDD where deriveSSB-IndexFromCell is enabled, TSSB_search_inter_L1RSRP_intra and TSSB_time_index_intra is 0.
Proposal 11: Similarly as HO,  Further discuss if a known condition can be introduced to reduce the cell search and SSB index acquiring time.
Observation 8: For inter-cell beam indication, both joint TCI and sperate DL/UL TCI will be applied.
Observation 9: For inter-cell beam indication, both MAC-CE based and DCI-based beam indication schemes are supported.
Observation 10: For inter-cell beam indication, it’s UE capability to support more than 1 active TCI state. If UE does not support such capability, MAC-CE based beam indication (activation of one TCI state) can be used.
Observation 11: For inter-cell beam indication, SSB associated with a physical cell ID different from that of the serving cell is used as an indirect QCL reference for DL TCI (in case of separate DL/UL TCI) or joint TCI, or an indirect/direct QCL reference for UL TCI (in case of separate DL/UL TCI).

Proposal 12: MAC-CE and DCI based unified TCI state switch delay requirement will be defined for NSC NSC(non-serving cell) TCI state switch in RAN4.
Proposal 13: For NSC (non-serving cell)  unified TCI state switch delay, delay requirement will be defined for DL TCI and UL TCI respectively, similarly with the case for unified TCI state switch delay in serving cell.
Proposal 14: For Inter-cell TCI state switch delay, impact of SSB associated with different PCI needs to be considered. 
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