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1. Introduction
In this contribution we compare alternatives for specifying the requirements for multiple measurement objects. Originally four alternatives were proposed, however the outcome of RAN4#87 appears to be that 3 alternatives are still on the table
1) Alternative 1 which is proposed in [1], where all carriers are scaled by the same scaling factor depending on the total number of fully and partially colliding NR layers, and if relevant, GSM, UMTS and LTE layers.
2) Alternative 1bis, which is a modified alternative 1, proposed in [2] which the impact of partially overlapped layers is addressed by an additional factor taking account SMTC periodicity ratio of the target layer and partially overlapped layer
3) Alternative 3, which is modified with a  ceiling function in [3] and [5]. In alternative 3, the candidates to be measured are considered in each gap, and the Nfreq scaling is applied on a gap by gap basis.
2. Discussion

To compare the schemes,  we consider an example used in our earlier contribution. For simplicity, we consider the requirements for per UE gaps, since the impact of switching from per UE to per FR gaps could be considered somewhat separately from the basic scaling factor definition. The example from [4] is used:
F1: SMTC 40ms, Offset 0ms

F2: SMTC 80ms, Offset 40ms

F3: SMTC 160ms, Offset 0ms

F4: SMTC 160ms, Offset 0ms

F5: SMTC 160ms, Offset 80ms

For reference, the SMTC implies the gap pattern utilization shown in table 1

	Carrier
	Gap #0 (offset 0ms)
	Gap#1(offset 40ms)
	Gap#2(offset 80ms)
	Gap#3(offset 120ms)

	F1
	Yes
	Yes
	Yes
	Yes

	F2
	No
	Yes
	No
	Yes

	F3
	Yes
	No
	No
	No

	F4
	Yes
	No
	No
	No

	F5
	No
	No
	Yes
	No


Table 1 : Gap utilization for the example case
	
	F1

Note : F2 is partially overlapped with ratio 50%

F3,F4,F5 are partially overlapped with ratio 25%
	F2

Note : F1 is fully overlapped.
	F3 

Note: F1 and F4 are fully overlapped
	F4 

Note: F1 and F3  and F4 are fully overlapped
	F5

Note:F1 is fully overlapped

	Alternative 1bis
	M*40ms+0.5*M*80ms+3*0.25*M*160ms
= 5*M*40ms

	2*M*80ms


	3*M*160ms


	3*M*160ms


	2*M*160ms



	Alternative 2
	5*M*40ms
	5*M*80ms
	5*M*160ms
	5*M*160ms
	5*M*160ms

	Alternative 3
	3*M*40ms
	2*M*80ms
	3*M*160ms
	3*M*160ms
	2*M*160ms


Table 2 : Comparison of alternative 1-bis, alternative 2 and alternative 3 requirements for the example case
Considering M=5 samples (as an example) gives

	
	F1
	F2
	F3
	F4
	F5

	Alternative 1bis
	1000ms


	800ms


	2400ms


	2400ms


	1600ms

	Alternative 2
	1000ms
	2000ms
	4000ms
	4000ms
	4000ms

	Alternative 3
	600ms
	800ms
	2400ms
	2400ms
	1600ms


Table 3 : Comparison of alternative 1-bis, alternative 2 and alternative 3 requirements for the example case, taking M=5 as an example to allow comparison of millisecond values.
The differences between the alternatives may be summarized as follows

· In alt2, the measurement delay is scaled by the total number of configured measurement objects, so there is a significantly larger measurement delay when the measurement objects are non overlapping or partially overlapping. For any configuration other than all carriers with fully overlapping SMTC, alt2 gives a pessimistic view of UE delays. 
· For this example, alt3 leads to shorter measurement delays than alt 1bis for some of the carriers. Especially for F1, which is partially overlapped by a number of carriers, alt1-bis leads to quite long measurement delays. One reason is that a fraction of the measurement period of the partially overlapping carrier is added without consideration of the SMTC offset of the overlapping carrier. Looking at the example and considering measurements of F1 it can be seen that F3 and F5 or F4 and F5 will never compete for the same gaps out of the ones that can be used for F1 measurements. Under alternative 1bis, the additional time added to the measurement period for the carriers with 160ms SMTC is 3*0.25*M*160ms. On the other hand, for the frequency layers with longest SMTCs (which by definition cannot be partially overlapped) and for other frequency layers which are not partially overlapped (such as F2), alt-1bis and alt-3 yield identical results.
Generally, we see that interfrequency and gap based measurement performance will be a challenge in NR because of
· AGC issues, which mean that additional gaps will be required to settle the AGC before measurement samples can be obtained

· RX beam sweep in FR2, where all measurement delays will be scaled by N1/N3.

Observation 1: The single carrier delay of gap based measurements may be a challenge in NR (especially on FR2) due to AGC and RX beam sweep

For these reasons, it is important to consider an efficient scheduling of measurement gaps in requirements. The intention of alternative 3 is not to mandate a particular measurement sequence such that various implementations are possible such as:
· Round robin scheduling of measurements to the extent that SMTC allows

· Sequential scheduling of measurement sampling to the extent that SMTC allows

What is likely not to be a possible implementation under alternative 3 is to complete one complete measurement period  (e.g. obtain 5 samples) before starting the next measurement. 

Based on these considerations we propose

Proposal 1: Adopt alternative 3 to specify requirements with multiple measurement objects
3. Conclusion

In this contribution, we compared measurement delays for an earlier example case, with different proposals for requirements with multiple measurement
F1: SMTC 40ms, Offset 0ms

F2: SMTC 80ms, Offset 40ms

F3: SMTC 160ms, Offset 0ms

F4: SMTC 160ms, Offset 0ms

F5: SMTC 160ms, Offset 80ms

	
	F1

Note : F2 is partially overlapped with ratio 50%

F3,F4,F5 are partially overlapped with ratio 25%
	F2

Note : F1 is fully overlapped. F3,F4,F5 are non overlapped
	F3 

Note: F1 and F4 are fully overlapped. F2 and F5 are non overlapped
	F4 

Note: F1 and F3  are fully overlapped F2 and F5 are non overlapped
	F5

Note:F1 is fully overlapped. F2, F3,F4 are non overlapped.

	Alternative 1bis
	M*40ms+0.5*M*80ms+3*0.25*M*160ms
= 5*M*40ms

	2*M*80ms


	3*M*160ms


	3*M*160ms


	2*M*160ms



	Alternative 2
	5*M*40ms
	5*M*80ms
	5*M*160ms
	5*M*160ms
	5*M*160ms

	Alternative 3
	3*M*40ms
	2*M*80ms
	3*M*160ms
	3*M*160ms
	2*M*160ms


Table 2 : Comparison of alternative 1-bis, alternative 2 and alternative 3 requirements for the example case
Considering M=5 samples (as an example) gives

	
	F1
	F2
	F3
	F4
	F5

	Alternative 1bis
	1000ms


	800ms


	2400ms


	2400ms


	1600ms

	Alternative 2
	1000ms
	2000ms
	4000ms
	4000ms
	4000ms

	Alternative 3
	600ms
	800ms
	2400ms
	2400ms
	1600ms


Table 3 : Comparison of alternative 1-bis, alternative 2 and alternative 3 requirements for the example case, taking M=5 as an example to allow comparison of millisecond values.
We observe that in NR
Observation 1: The single carrier delay of gap based measurements may be a challenge in NR (especially on FR2) due to AGC and RX beam sweep

Hence an efficient gap scheduling assumption is necessary in requirements, and we propose

Proposal 1: Adopt alternative 3 to specify requirements with multiple measurement objects
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