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Introduction
For some meetings RAN4 has discussed the need for RX beam sweeping in FR2, and the possible implications of different SMTC/dual SMTC for different serving frequencies. Since the UE may perform analogue RX beamforming, it could only receive in one spatial direction in each measurement sample. If multiple measurements are expected to be performed at the same time according to RAN4 requirements then the UE may have difficulty to meet the requirement.
Discussion
Several solutions have been discussed in RAN4. In RAN4#91, 3 options were discussed as alternatives
· Option 1: SCC SMTC periodicity shall be not larger than 2x PCC SMTC periodicity
· Option 2: All SCC SMTC have the same period and offset as each other, but may be different from PCC
· Option 3: Relax UE requirements for frequency with shortest SMTC to allow more flexibility in RX beam sweeping
Further, in RAN4#94, the initial CR implemented an option that we will denote as option 4
Option 4:
	When smtc2 is not configured on any FR2 CC, the requirements in this clause for FR2 measurement objects apply provided that SMTC occasions are same for all FR2 SCCs and form a subset of PCC/PSCC SMTC occasions (if PCC/PSCC is in FR2)
Note: Other combinations of SCC SMTC can be added as valid conditions if identified as useful.
Note: FFS on the condition of SCC SMTC when smtc2 is configured on some SCC in FR2.



After discussion of the CR, it was updated to a proposal we will denote as option 5:
Option 5:
	The requirements in this clause for FR2 measurement objects apply provided that the SMTC on all CCs in FR2 have the same offset, and one of following conditions is met
· If smtc2 is configured on any FR2 CC, 
· All CCs have the same configuration for smtc1, and
· All CCs configured with smtc2 have the same configuration for smtc2
· If smtc2 is not configured on any FR2 CC, 
· The total number of different SMTC periodicities on all CCs does not exceed [FFS 2, 3 or 4]
Editor’s Note: The impact of different SMTC offset for different CC on FR2 has not been considered in requirements in this version of the specification.



The discussion has been about the issue that the NR specification allows considerable flexibility in SMTC configurations, as SMTC1/SMTC2 are configured per intra-frequency measurement object, with no limitation on the parameter configurations allowed. Each measurement object has independent parameters
· Duration : The duration of the SMTC in ms, i.e. 1,2,3,4 or 5ms
· smtc1 periodicity : A basic periodicity which is assumed for all cells on the frequency not explicitly indicated to use SMTC2 period
· smtc2 periodicity : periodicity in smtc2 can only be set to a value strictly shorter than the periodicity indicated by smtc1.#
· Offset : An offset in subframes(ms) to the start of the SMTC
· pci-List : List of cells to be measured with smtc2 periodicity. Cells not in this list are measured with smtc1 periodicity
On the other hand, the flexibility can cause more complexity in UE implementation, for example to account for RX beam sweeping. Since limiting SSB transmission is an important aspect of network power saving, we think that it is important not to limit the flexibility except in cases where this is necessary to simplify UE implementation. If requirements are not defined for release 15, and hence cannot be guaranteed by release 15 devices, the network will have to support release 15 devices for the foreseeable future, so adding support for additional flexibility in a future release does not address any shortcoming of release 15 in a usable way.
Scell only on FR2
We begin by considering a scenario with only SCells on FR2. Since there is a single baseband searcher assumed for SCC measurements (CSSFoutside_gap=NScells), the UE is not required to measure more than one SCC concurrently
Observation 1 : With Scell only on FR2, the UE is not required to measure more than one SCC concurrently.
In principle, the implication is that there is also no difficulty from an RX beam sweeping point of view with independent configuration of SMTC between FR2 SCells when no SpCell is configured. As discussed in [1] there may be an issue with beam management (BM)-RS on other frequencies. As indicated in [1],
When defining the time sharing between RRM and BM measurement (P factor), RAN4 has only considered single carrier case, but since UE only has one Rx beam at a time across all CCs, RRM measurement on SCell1 and BM measurement on SCell2 also need to be TDMed.
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Figure 2: Example where SMTC on 2 SCCs are not overlapping
Although it is argued in [1] that it is not necessary or beneficial to solve this issue in specifications, we would like to emphasize that even if the L3 measurement SMTCs on CC1 and CC2 are identical, it could happen that there is a 3rd CC, CC3 which does not have L3 measurements configured, but still has BM. In this case, the problem would also occur in that the BM requirements on CC3 do not L3 consider measurement operations on CC1 and CC2.
Observation 2: Regardless if the same or different SMTC configuration is used on all FR2 CC, the BM requirements need to be updated to capture the impact of measurement operations on a different FR2 CC.
Hence, based on analysis of the SCC only on FR2 case, we propose
Proposal 1 : There are no restrictions on SMTC configuration when SCC only are configured on FR2
Proposal 2 : BM requirements are updated to account for measurement operations on any FR2 CC
Our view is that this can be done relatively straightforwardly by suitably defining the P factor for BM on frequency fi where fi is on an FR2 band. We propose the following definition for P:
	Define T as the number of configured SSB resource measurement opportunities during a time period max(SMTC_period, MGRP,TSSB) without consideration of any overlapping FR2 SMTC occasion or measurement gap, where:
	SMTC_period is the largest FR2 SMTC periodicity, considering all configured serving frequencies on FR2 and considering smtc2 if smtc2 is configured for a serving frequency, otherwise considering smtc1 for the frequency.
	MGRP is defined as 
· the measurement gap repetition period (MGRP) of per-FR gaps for FR2 if configured,
· or the measurement gap repetition period (MGRP) of per-UE gaps if configured,
· or 0 otherwise.
Define S as the number of configured SSB resource measurement opportunities during a time period max(SMTC_period, MGRP) which are overlapped with either a measurement gap or FR2 SMTC occasion, or both. If the same configured SSB resource measurement opportunity overlaps both a measurement gap and an FR2 SMTC occasion it is only counted once. S=0 if no configured SSB measurement resource is overlapped with a measurement gap or SMTC occasion.
If S=T then P=3, otherwise P=T/(T-S)



The description avoids the need to differentiate between non-overlap and partial overlap cases of either MG or SMTC since S=0 in fully non-overlapping cases, which gives P=1.
Proposal 3 : Klayer1_measurement definition is updated to account for BM operations on any FR2 CC
Proposal 3 is not strictly necessary if the same SMTC offset is used on all CC, whereas proposal 2 is necessary even for a common SMTC offset, since it is always possible that BM-SSB are not fully overlapping on some CC and fully overlapping on others due to different BM configuration on different SCCs. Since the specification anyway needs to be updated to account for this aspect, it seems straightforward and logical to account for proposal 3 in the same update.	
Proposal 3 is proposed to be specified by modifying the  Klayer1_measurement definition to:
	For FR2,
Klayer1_measurement=1, 
-	if all of the reference signals configured for RLM, BFD, CBD or L1-RSRP for beam reporting on any FR2 serving frequency outside measurement gap are not fully overlapped by intra-frequency SMTC occasions, or 
-	if all of the reference signal configured for RLM, BFD, CBD or L1-RSRP for beam reporting on any FR2 serving frequency outside measurement gap and fully-overlapped by intra-frequency SMTC occasions are not overlapped by with the SSB symbols indicated by SSB-ToMeasure and 1 symbol before each consecutive SSB symbols indicated by SSB-ToMeasure and 1 symbol after each consecutive SSB symbols indicated by SSB-ToMeasure, given that SSB-ToMeasure is configured;
Klayer1_measurement=1.5, otherwise.




SpCell and SCells on FR2
If either PSCell (e.g. in EN-DC) or PCell (ego in SA-NR) is on FR2, the situation is slightly more complicated. As a dedicated baseband searcher is assumed for measurements on the SpCell frequency, and another searcher is shared between SCells, it is possible that the SpCell frequency and SCC measurements are performed concurrently. In this case, limitations on the SMTC configuration flexibility are motivated and we propose to follow a similar approach to the CR in [3].
If an SpCell is configured on FR2
- The same SMTC offset is used for different CC on FR2	
-  If smtc2 is configured on any FR2 CC, 
· All CCs have the same periodicity for smtc1, and
· All CCs configured with smtc2 have the same periodicity for smtc2
-	If smtc2 is not configured on any FR2 CC, 
· The total number of different SMTC periodicities on all CCs does not exceed [FFS 2, 3 or 4]

Figure 1 shows the RX antenna beam sweep index, assuming a codebook size of 4 RX beams for different SMTC periods which are in the ratio of ½, ¼ or 1/8. Beam sweep schemes for SMTC periodicity ratios of 1/16 and 1/32 are also straightforward to derive
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It is relatively more difficult to define beam sweep patterns which satisfy 2 ratios simultaneously (i.e. 3 different SMTC periods) and which complete RX beam sweep on each of the carriers at the correct rate.
Hence we propose

Proposal 4: If an SpCell is configured on FR2
- The same SMTC offset is used for different CC on FR2	
-  If smtc2 is configured on any FR2 CC, 
· All CCs have the same periodicity for smtc1, and
· All CCs configured with smtc2 have the same periodicity for smtc2
-	If smtc2 is not configured on any FR2 CC, 
· The total number of different SMTC periodicities on all CCs does not exceed 2

Conclusions
Observation 1 : With Scell only on FR2, the UE is not required to measure more than one SCC concurrently.
Observation 2: Regardless if the same or different SMTC configuration is used on all FR2 CC, the BM requirements need to be updated to capture the impact of measurement operations on a different FR2 CC.
Proposal 1 : There are no restrictions on SMTC configuration when SCC only are configured on FR2
Proposal 2 : BM requirements are updated to account for measurement operations on any FR2 CC
Proposal 3 : Klayer1_measurement definition is updated to account for BM operations on any FR2 CC
Proposal 4: If an SpCell is configured on FR2
- The same SMTC offset is used for different CC on FR2	
-  If smtc2 is configured on any FR2 CC, 
· All CCs have the same periodicity for smtc1, and
· All CCs configured with smtc2 have the same periodicity for smtc2
-	If smtc2 is not configured on any FR2 CC, 
· The total number of different SMTC periodicities on all CCs does not exceed 2
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SMTC of one CC collides with SSB for BM of another CC




