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1. Introduction

The issue of SMTC alignment for FR2 intra-frequency measurement has been discussed for many RAN4 meetings. Some progress was made in RAN4#93 where interested companies had an offline discussion, which is summarized in [1]. In the following email discussion on RAN4 reflector, a compromised way forward was discussed which was captured in the CR [2]. The CR was not agreed because of the remaining open issues.
In this paper we will re-iterate the problem and show the importance to have the issue resolved, and we will also discuss the remaining issue in the compromise proposal from RAN4#93.
2. Problem 
2.1. UE complexity
RAN4 has extensively discussed the intra-frequency measurement requirements for FR2. Following two factors are considered:

· Rx beam sweeping
UE is allowed to try different Rx beams during measurement in order to find the best Rx beam to generate the measurement results.

· Baseband searcher
Two baseband searchers are assumed to be shared among all FR1 and FR2 CCs. The performance with sharing the searcher resource among CCs are specified via CSSF outside gaps, which is defined in section 9.1.5.1.
However, when defining the requirements the two issues have not been considered together. 

According to the calculation for CSSF outside gaps, UE will monitor PCC/PSCC in FR2 with one dedicated searcher and other FR2 CCs with another searcher. It means unless the SMTC window of PCC/PSCC is fully non-overlapping with SMTC window on any SCC, PCC/PSCC is measured at the same time as some SCC at least in some SMTC windows.

Observation 1: With current CSSF outside gap, UE may be required to measure PCC/PSCC at the same time as some SCC.

On the other hand, UE is assumed to have only one Rx beam at a time across all CCs in an FR2 band. This means UE cannot use Rx beam #1 on PSCC and Rx beam #2 on SCC in the overlapping SMTC window. 

Observation 2: UE has to use the same Rx beam when two CCs are measured at the same time.

This restriction on Rx beam sweeping means UE has to carefully plan the Rx beam sweeping for every combination of SMTC period/offset between PSCC and SCCs. For example, if there is no SCC but only PSCC in the band, Rx beam planning is not an issue, as shown in Figure 1(a) below, where UE is assumed to have 8 Rx beams for sweeping, and use a simple round-robin scheduling of Rx beams. 
In Figure 1(b) the case with one SCC is considered. If the Rx beam scheduling on PSCC is same as in Figure 1(a), the Rx beam #2/4/6/8 will not be swept on SCC. For this case, it is still easy to find a Rx beam scheduling that allows all 8 Rx beams are swept on the SCC, at the same time not impacting the measurement of PSCC.
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Figure 1: Example of Rx beam scheduling with different number of SCCs
In Figure 1(c), another SCC is considered. The case becomes complex for Rx beam scheduling. The two SCCs can only be measured in TDM manner due to searcher limit, and at the same time the PSCC has to be measured in all SMTC windows to meet the requirements. The Rx beam scheduling may be still possible but it has to be designed with much more efforts than the first two cases since many more SMTC windows need to be considered together.

The example in Figure 1(c) is only for two SCC case with different SMTC period but same SMTC offset. It can be imagined that with more SCCs and different SMTC offsets, the Rx beam scheduling can be very complex for each combination, and the number of combinations is huge (up to 7 SCCs, 6 SMTC periods and all offsets are possible). This will considerably complicate the UE implementation.

Observation 3: Designing Rx beam scheduling for all combinations of SMTC periods and offsets in different CCs will considerably complicate the UE implementation. 
2.2. Scheduling restriction and measurement restriction
For FR2 intra-frequency measurement, the scheduling restriction is defined such that UE is not expected to transmit or receive data on SSB symbols to be measured on any CC in the same band. It means the scheduling efficiency would low if different SMTC period or offset is used on different CCs. In particular, when different offsets are used, measurement for each CC will cause its own restrictions in time domain, and the overall restriction for each CC’s scheduling would be a union all the individual restriction.
Observation 4: Scheduling efficiency would be low if different SMTC offset is used on different CCs.
The measurement restriction between RRM measurement and L1 measurement (RLM, BFD, CBD and L1-RSRP measurements) is defined by the P factor. For example, the P factor for FR2 RLM is defined as follows.

	For FR2,

-
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, when RLM-RS resource is not overlapped with measurement gap and the RLM-RS resource is partially overlapped with SMTC occasion (TSSB < TSMTCperiod).
-
P is Psharing factor, when the RLM-RS resource is not overlapped with measurement gap and RLM-RS resource is fully overlapped with SMTC period (TSSB = TSMTCperiod).

……

If the high layer in TS 38.331 [2] signaling of smtc2 is present, TSMTCperiod follows smtc2; Otherwise TSMTCperiod follows smtc1.


As illustrated in Figure 2, when defining these sharing factors, RAN4 has only considered single carrier case, or the case with same SMTC across all CCs in the same band. However, 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. It means that with SMTC in Figure 2, the RRM measurement resources are fully overlapped with BM measurement resources (instead of partial overlapping for single carrier case), which adds additional delay and would require big specification efforts for clarification. It should be also noted that the SMTC in Figure 2 does not result in better RRM performance compared to the case where SCC1 and SCC2 have same SMTC.
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Figure 2: Example where SMTC on 2 SCCs are not overlapping

Observation 5: The sharing factor P defined for L1 measurements has only considered single carrier case, and therefore needs to be updated. It would require big specification efforts if different CCs have different SMTC offsets.
3. Way forward  

In our view, the compromise proposal from RAN4#93 as captured in [2] and copied below is a reasonable way forward. It can to some extent resolve the concern for UE complexity, and it would also ease the work to update the P factor to take into account different SMTC on different CCs.
	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 remaining issue is the number of different SMTC periodicities that UE shall support for single SMTC case. In general, the UE complexity increases with more SMTC periodicities, and there is no strong use case to have so many different SMTC periodicities simultaneously, so we prefer to use 2 different SMTC periodicities as the condition. However, considering that the number of combinations is limited with same SMTC offset, we can go with 4 different SMTC periodicities as a compromise. 
Proposal: Agree on the compromise proposal from RAN4#93 with 4 different SMTC periodicities for single SMTC case, and add the following condition for FR2 intra-frequency requirements.
	 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 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.


4. Conclusions

In this paper we provided our views on the SMTC alignment for FR2 intra-frequency measurement.
Proposal: Agree on the compromise proposal from RAN4#93 with 4 different SMTC periodicities for single SMTC case, and add the following condition for FR2 intra-frequency requirements.

	 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 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.
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