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1. Introduction

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. In RAN4#91, the UE complexity issue when the two factors are considered jointly was discussed [1][2], but no conclusion was reached.
In this paper we will re-iterate the problem and discuss the possible solutions.
2. Discussion
2.1. Problem description
The following problem description is re-produced from our previous paper [1]. In the following discussion, we will use EN-DC requirement as example, but the same issue also applies for SA case. The CSSF outside gap is defined in Table 9.1.5.1.1-1.

Table 9.1.5.1.1-1: CSSFoutside_gap,i scaling factor in NSA mode

	Scenario
	CSSFoutside_gap,i for FR1 PSCC
	CSSFoutside_gap,i for FR1 SCC
	CSSFoutside_gap,i for FR2 PSCC
	CSSFoutside_gap,i for FR2 SCC where neighbour cell measurement is required Note 2
	CSSFoutside_gap,i for FR2 SCC where neighbour cell measurement is not required

	EN-DC with FR1 only CA 
	1
	Number of configured FR1 SCell(s)
	N/A
	N/A
	N/A

	EN-DC with

FR2 only intra band CA 
	N/A
	N/A
	1
	N/A
	Number of configured FR2 SCells

	EN-DC with

FR1 +FR2 CA (FR1 PSCell) Note 1
	1
	2×(Number of configured SCell(s)-1)
	N/A
	2
	2×(Number of configured SCell(s)-1)

	EN-DC with

FR1 +FR2 CA (FR2 PSCell) Note 1
	N/A
	Number of configured SCell(s)
	1
	N/A
	Number of configured SCell(s)

	Note 1:
Only one NR FR1 operating band and one NR FR2 operating band are included for FR1+FR2 inter-band EN-DC.

Note 2:
Selection of FR2 SCC where neighbour cell measurement is required follows section 9.2.3.2.


For the highlighted scenario, UE will monitor PSCC in FR2 with one dedicated searcher and other FR2 CCs with another searcher. It means unless the SMTC window of PSCC is fully non overlapping with SMTC window on any SCC, the 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 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. Alternatives from RAN4#91
To reduce the implementation complexity, our suggestion [1] is that the FR2 intra-frequency requirements with CSSF =1 for PCC/PSCC apply provided that SMTC period and offset is same in all CCs in the FR2 band. During RAN4#91, some concerns were raised by network vendors that this condition would limit the flexibility in configuring the SMTC on different CCs in case of FR2 CA. 
We understand the concern, but we also need to look into how much the network loses by not having this flexibility. In our view, considering the scheduling restriction for intra-band CA and that PDCCH or PDSCH transmitted in the same symbol as SSB have to be TypeD-QCL-ed with SSB, the loss on the scheduling availability is not that much. 

Observation 4: The loss on scheduling availability due to same SMTC on FR2 CCs is not that much.
The problem was discussed in more detail during the ad-hoc session during RAN4#91. In [3], 3 alternatives are listed as possible compromise.
· 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
In our view, option 3 is not preferable. The issue for UE implementation is that UE has to plan the Rx beam and CC scheduling for a huge number of combinations of SMTC. With option 3, UE still has to cope with all of them, so the complexity is not really reduced. On the other hand, it is quite difficult to define the exact relaxed requirements for all combinations, and if no exact requirement is defined, there is effectively no guaranteed performance when network uses some combinations.
Option 1 can address the issue of huge number of SMTC combinations, but with option 1 it may happen that SMTC window of one SCC collides with SSB for beam management (BM) of another SCC. This is illustrated in Figure 2. When defining the time sharing between RRM and BM measurement, 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. It means that with SMTC in Figure 2, both RRM requirements for SCell1 and BM requirements for SCell2 should be relaxed by the time sharing factor, which is undesirable and would require additional specification efforts. 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. Therefore, option 1 is also not preferable. 
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SMTC of one CC collides with SSB for BM of another CC




Figure 2: Example where SMTC on 2 SCCs are not overlapping
Our preference is option 2. In addition, similar to above analysis, in order to avoid RRM measurement on PCC (or SCC) causing additional scheduling and measurement restrictions on SCell (or PCell), it is straightforward that the SMTC occasions of SCC should be a subset of SMTC occasions of PCC/PSCC, if PCC/PSCC is in FR2. For example, the SMTC configuration shown in Figure 3 (PCC SMTC with 20ms period and 0 offset, and SCC SMTC with 40ms period and 10ms offset) is not reasonable, so we suggest requirements are not defined for it.
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Figure 3: Example where SCC SMTC is not overlapping with PCC SMTC
Proposal 1: FR2 intra-frequency requirements apply provided that all SCC SMTC have the same period and offset, and SCC SMTC occasions form a subset of PCC/PSCC SMTC occasions (if PCC/PSCC is in FR2).
2.3. Dual SMTC
The discussion above has only considered single SMTC assumption, but as measurement on PCC and SCC are both intra-frequency, dual SMTC may be configured on any of the CCs. 

In our view, it will make both the specification and UE implementation very complex if dual SMTC is considered. 

· Firstly, dual SMTC may be configured on some CCs while not on the other CCs. 

· Then, on the CCs where dual SMTC is used, UE Rx beam planning further depends on if UE measures neighbour cells on the CC. 

· If UE only measures serving cell RSRP/RSRQ on the CC, only one SMTC (either smtc1 or smtc2) needs to be considered depending on whether serving cell is on the list of serving cell RSRP/RSRQ

· If UE measures both serving cell and neighbour cell on the CC, both smtc1 and smtc2 need to be considered. It should be noted that in this case, the measurement performance is cell specific, meaning UE needs to plan the Rx beam carefully to make sure the sweeping for both smtc1 and smtc2 are performed timely.
On the other hand, the main use case of dual SMTC is that some cells on the intra-frequency layer transmit more frequent SSB than others, so a smaller SMTC period (corresponding to smtc2) can be configured to enable faster measurement for those cells. In our view, such scenario is not likely to happen in FR2. Therefore, our preference is that the FR2 intra-frequency measurement requirements apply when dual SMTC is not configured on any FR2 CC.
Proposal 2: FR2 intra-frequency measurement requirements apply when dual SMTC is not configured on any FR2 CC.
3. Conclusions

In this paper we analysed the issue in FR2 intra-frequency measurement due to misaligned SMTC across CCs, and the alternative solutions from RAN4#91. In addition, we also considered dual SMTC for SMTC alignment.
Proposal 1: FR2 intra-frequency requirements apply provided that all SCC SMTC have the same period and offset, and SCC SMTC occasions form a subset of PCC/PSCC SMTC occasions (if PCC/PSCC is in FR2).
Proposal 2: FR2 intra-frequency measurement requirements apply when dual SMTC is not configured on any FR2 CC.
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