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1. Introduction
As discussed in AH1807, we had the agreement on the work split of RRM test cases specification among the interested companies, which we see it as an efficient way to carry on. In this paper we further discuss the related aspects when defining the intra-frequency test case methods. We share our thoughts covering serval aspects and hope to apply for consensus. The discussion touches scheduling availability, DRX tests, gap tests and FDD tests.
2. Discussion
2.1. FDD tests
We reached the consensus in the last meeting that we should view TDD as the baseline mode when defining RRM test cases for NR. Also we had the agreement to only consider the FDD cases under the frequency range of sub-3Ghz. Thus we list the FDD EN-DC tests and parameters below to show the idea that we should only test FDD mode under non-DRX with sub-3GHz cases. As a result, the corresponding numerology is 15kHz sub carrier spacing and 10MHz channel bandwidth. Naturally the fading condition is AWGN aiming at simplicity for FR1 sub-3GHz bands.
One important parameter of FDD tests is cell level synchronization configuration. For EN-DC tests, we should both consider the synchronization between PCell and NR PSCell, and the synchronization between NR PSCell and the target cell. 
Synchronized DC

As for the synchronization between LTE PCell and NR PSCell, we consider to have synchronized DC when defining the FDD test cases. The reason is that the test cases should focus on the performance of target cell identification which has not much to do with the DC synchronization configuration. Thus to make it simple, we should test FDD intra-frequency cell search and measurement under synchronized DC.

Asynchronous target cell
But for the target cell configuration, it is different story. In the FDD test cases, we should test the performance with asynchronous target cell to see if it meets the requirement in a less ideal configuration. The way we see it, if we are having only one configuration between synchronous and asynchronous configurations, we should have the asynchronous one so that we could guarantee integrity of the test cases. To note that the SA tests should reuse the synchronization configuration of target cell of EN-DC ones.
Proposal 1: when defining FDD tests for intra-frequency cell search and measurement, use synchronous DC and asynchronous target cell configuration.
Table 1 EN-DC FDD test lists with parameters

	#
	Test category
	Frequency range
	Duplex mode
	Numerology 
	DRX
	SSB index reading
	Gap
	Fading 
	Sync

	1.2
	EN-DC with FDD NR PSCell in FR1 (Sub-3GHz band)
	Sub-3GHz
	LTE: FDD

NR: FDD
	15k/10M
	Non-DRX
	no
	Without gap

Without interruption
	LTE: AWGN

NR: AWGN
	Sync DC
Async target cell: 
3ms time offset between NR cells

	1.7
	EN-DC with FDD NR PSCell in FR1 (Sub-3GHz band) with SSB index reading
	Sub-3GHz
	LTE: FDD

NR: FDD
	15k/10M
	Non-DRX
	Yes
	Without gap

Without interruption
	LTE: AWGN

NR: AWGN
	Sync DC
Async target cell: 
3ms time offset between NR cells

	1.12
	EN-DC with FDD NR PSCell in FR1 (Sub-3GHz band) with gaps
	Sub-3GHz
	LTE: FDD

NR: FDD
	15k/10M
	Non-DRX
	no
	With per-UE gaps

MGL: 6ms

MGRP: 40ms
	LTE: AWGN

NR: AWGN
	Sync DC
Async target cell: 
3ms time offset between NR cells

	1.17
	EN-DC with FDD NR PSCell in FR1 (Sub-3GHz band) with SSB index reading with gaps
	Sub-3GHz
	LTE: FDD

NR: FDD
	15k/10M
	Non-DRX
	Yes
	With per-UE gaps

MGL: 6ms

MGRP: 40ms
	LTE: AWGN

NR: AWGN
	Sync DC
Async target cell: 
3ms time offset between NR cells


2.2. Gap tests

The gap tests should be split into two categories: per-FR gap tests and Per-UE tests. In the event that the per-FR gap capability is not mandatory for the UE, we should use per-UE configuration of gaps as the baseline in defining intra-frequency with gap tests.

Per-FR gap tests
As per the applicability of the per-FR gaps, only FR2 test cases should implement per-FR gap configuration. In order to test the per-FR gaps, we should have different gap configurations between FR1 and FR2 cells. That mandates the deployment of the tests to have both FR1 and FR2 target cells, which also means TDD operation and OTA testing. As for the SSB index reading, we view it necessary to have both tests for with and without SSB index reading configurations. As a result we list the possible per-FR gap tests in the below table. Naturally, we can see that due to the deployment complexity, it is better to test the per-FR gap performance in inter-frequency tests instead of intra-frequency ones.
Proposal 2: The performance of per-FR gaps should be tested in inter-frequency tests instead of intra-frequency tests.
Table 2 Examples of per-FR gap test configurations

	#
	Test category
	Main Parameters

	
	
	Type
	Cell layout
	Duplex mode
	SSB SCS/ channel BW
	DRX
	SSB index reading
	With/ without gaps
	Fading

	4.1
	Per-FR gap test without index reading
	OTA
	4 cells: 1 NR PCell (FR1) + 1 NR PSCell (FR2) + 1 NR target Cell (FR1) + 1 NR target Cell (FR2)
	TDD
	FR1: 15k/ 10M

FR2:

120k/ 100M
	Non-DRX
	no
	With per-FR gap

FR1:
MGL: 6ms

MGRP: 40ms
FR2:

MGL: 5.5ms

MGRP: 20ms
	AWGN for FR1

Fading for FR2

	4.2
	Per-FR gap test with index reading
	OTA
	4 cells: 1 NR PCell (FR1) + 1 NR PSCell (FR2) + 1 NR target Cell (FR1) + 1 NR target Cell (FR2)
	TDD
	FR1: 15k/ 10M

FR2:

120k/ 100M
	Non-DRX
	yes
	With per-FR gap

FR1:
MGL: 6ms

MGRP: 40ms
FR2:

MGL: 5.5ms

MGRP: 20ms
	AWGN for FR1

Fading for FR2


Per-UE gap tests
Speaking of per-UE gaps, we should use it in every test case with gaps to test the performance of intra-frequency gaps for the cases where no cell-defined SSB is in the active bandwidth part. To save redundant work load, we propose to use only one gap pattern for each frequency range:
· For FR1, use MGL 6ms and MGRP 40ms

· For FR2, use MGL 5.5ms and MGRP 20ms

The reason to have 20ms MGRP for FR2 is that we need to search more frequently to guarantee delay performance in FR2 since we are having multiple Rx beams.

Proposal 3: Use only one gap pattern for each frequency range when defining per-UE gap test cases:

· For FR1, use MGL 6ms and MGRP 40ms

· For FR2, use MGL 5.5ms and MGRP 20ms

To note that, although the setup of per-UE gap tests and the inter-frequency tests may be largely similar given the fact that the cell deployment should actually be BWP specific, we should both have intra with gap tests and inter tests to ensure the integrity of the RRM test cases.
2.3. Scheduling availability tests
Different from cell search and measurement tests, scheduling availability should not be verified by delay. The scheduling restriction is related with the interruption instead. Thus one way of verification of the scheduling availability of intra-frequency measurement is to verify the interruption within certain time period. 
For FR1, the restriction is only applied when the UE is not capable of supporting simultaneous reception of data and SSB with different numerologies. That is to say, for capable UEs, the allowed interruption due to different numerologies between data and SSB is 0. Thus we should set up both tests for capable UE and not capable UE to ensure the integrity of the tests.

For FR2, the restriction is applied to every UE due to the Rx beam sweeping operation.
2.4. DRX tests
There is no need to test every DRX configuration. But given that the requirements are different when the DRX cycle period is below 320ms with those above 320ms, we should test them both. 
320ms or less

Under such circumstances, we should use a comparable value to the SMTC configuration such that the whole test process is not too long. In the event that the SMTC configurations are 20ms or 40ms periodicity for the intra-frequency tests, we propose to have 64 ms DRX cycle for the 320ms or less cases. Another reason for 64ms is to test the misalignment between the SMTC periodicity and the DRX cycle where the factor of 1.5 is used in the requirements.

Longer than 320ms

Under the principle of having a shorter test process length as possible, we propose to have 640ms DRX cycle tested for the longer than 320ms cases. Thus, we have

Proposal 4: Use 64ms and 640ms as the two DRX cycle configurations in DRX tests for intra-frequency cell search and measurement.
3. Conclusion
In this paper we further discuss the related aspects when defining the intra-frequency test case methods. We share our thoughts covering serval aspects and hope to apply for consensus. The discussion touches scheduling availability, DRX tests, gap tests and FDD tests.

Proposal 1: when defining FDD tests for intra-frequency cell search and measurement, use synchronous DC and asynchronous target cell configuration.
Proposal 2: The performance of per-FR gaps should be tested in inter-frequency tests instead of intra-frequency tests.
Proposal 3: Use only one gap pattern for each frequency range when defining per-UE gap test cases:

· For FR1, use MGL 6ms and MGRP 40ms

· For FR2, use MGL 5.5ms and MGRP 20ms

Proposal 4: Use 64ms and 640ms as the two DRX cycle configurations in DRX tests for intra-frequency cell search and measurement.
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