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1. Introduction
In RAN4#86bis meeting there were discussions on UE measurement mode for SA [1-3]. An LS [2] to RAN2 was agreed during the meeting.
	In order to determine the UE measurement mode with measurement gap for SA mode, RAN4 would assume that, In NR standalone mode, 

 (1)
NR serving cell can configure both an FR1 gap pattern and an FR2 gap pattern to be active at the same time. 

 (2)
If NR serving cell configures measurement gap for a UE, NR serving cell can also indicate if configured measurement gap applies to FR1/FR2 serving cell(s) (i.e. per UE gap) or applies to FR1 serving cell(s) (i.e. per FR gap to FR1) or applies to FR2 serving cell(s) (i.e. per FR gap to FR2).

 

RAN4 will continue work with the above assumptions and suggest RAN2 to design the corresponding signalings according to the above assumptions, unless RAN2 has any issue from the signaling perspective.


A way forward on UE measurement mode for SA [1] was also agreed.
	In current stage, the cases to analysed in RAN4 concentrate on the following scenarios:
· Scenario 1: Serving cell is FR1 cell only, or Serving cells are NR CA in FR1 
· Scenario 2: Serving cell is FR2 cell only, or Serving cells are NR CA in FR2 
· Scenario 3: Serving cells are FR1+ FR2 CA
For UE who supports per-UE gap only, only per-UE gap can be configured to this UE.
For UE who supports per-FR gap, the UE measurement mode summary is as next slide.


For UE supports per-FR gap, UE measurement requirements and scheduling opportunity under certain measurement configurations, including measurement gaps and measurement objects, are summarized as in blow table 1.

Table 1. Measurements for per-FR measurement gap

	 
	Measurement object involves LTE, FR1 only
	Measurement object involves LTE, FR1 and FR2
	Measurement object involves FR2 only

	Serving cell configure per-UE gap
	From scheduling opportunity and gap applicability perspective, 

- it’s per-UE gap 

From measurement requirement perspective,

- UE applies per-UE gap for measurement 
	From scheduling opportunity and gap applicability perspective, 

- it’s per-UE gap 

From measurement requirement perspective,

- UE applies per-UE gap for measurement 
	From scheduling opportunity and gap applicability perspective, 

- it’s per-UE gap 

From measurement requirement perspective,

- UE applies per-UE gap for measurement 

	Serving cell configure per-FR gap for LTE/FR1 only
	FFS
	FFS
	FFS

	Serving cell configure per-FR gap for FR2 only
	FFS
	FFS
	FFS

	Serving cell configure per-FR gaps for LTE/FR1 and FR2
	FFS
	FFS
	FFS


In this contribution we provide views on UE measurement mode for per-FR measurement gap in SA.
2. Discussion
RAN2 has not specified how the measurement gap patterns are to be configured in SA, even for the per-UE measurement gap. To progress RAN4 work, RAN4 made assumption on how the RAN2 procedure would like from RAN4 perspective. The RAN4 requirements should be in accordance with specified RAN2 procedures. It anyway should be defined after RAN2 complete corresponding standardization. If RAN2 conclusion is different from RAN4 assumption RAN4 should analyze the impact of difference.
Proposal 1. The requirements relevant to per-FR gap pattern should be specified only after there is corresponding RAN2 procedures.
If per-UE measurement gap pattern is configured to UE, no matter what the measurement objects are it is very clear from scheduling opportunity and measurement requirements perspective. The scheduling opportunity is based on per-UE gap and UE should meet measurement requirements for per-UE gap. This has been agreed and captured in the way forward [1].

If UE supports per-FR measurement gap and it is configured to the UE, the measurement requirements could be complicated depending on how the per-FR measurement gap is configured, what measurement objects are configured and what the serving cells are. The requirements with per-FR gap pattern for the three scenarios are analyzed in the following sections.
Scenario 1: Serving cell is FR1 cell only, or Serving cells are NR CA in FR1
If serving cell(s) are only in FR1, the principle of measurement for UE supporting per-FR gap pattern is that only measurements on FR1 carrier frequencies need gap assistance, while measurements on FR2 carrier frequencies don’t need gap assistance. Therefore no matter whether gap pattern for FR2 is configured UE could do measurement on FR2 carrier frequencies. 
The measurements can be categorized as in blow table 2.
Table 2. Measurements for per-FR measurement gap for scenario 1.
	
	Measurement object involves LTE, FR1   only
	Measurement object involves LTE, FR1   and FR2
	Measurement object involves FR2 only

	Serving cell configure per-FR gap for   LTE/FR1 only
	A
	A
	B

	Serving cell configure per-FR gap for   FR2 only
	C
	C
	A

	Serving cell configure per-FR gaps for   LTE/FR1 and FR2
	A
	A
	B


The definition of the measurement types are as follows.
Type A: Measurements can be performed if requirements are defined correctly and scheduling opportunities are not impacted by configuration of measurement gap patterns.

Type B: Measurements can be performed but scheduling opportunities are impacted.

Type C: Measurements cannot be performed.
For Type A marked in black, the configured gap patterns and measurement objects are perfectly matched. There is no ambiguity about the configuration for both NW and UE. 
For Type A marked in sky blue, although the measurement gap patterns for measurement objects on FR2 are not configured but UE can still conduct measurement on FR2 as UE supporting per-FR measurement gap and no FR2 serving cell(s) are configured. Requirements of measurement on FR2 can be specified based on certain effective MGRP, for example 20ms. If requirements for this case is specified in this way it can to some extent save the signaling overhead of measurement gap configuration.
For Type A marked in purple, the configured measurement gap patterns for FR2 are useless. However UE could still use measurement gap patterns for FR1 to conduct the measurement on FR1 and there is no large impact to the system performance except the unnecessary signaling overhead. We doubt the possibility of this configuration in real network, but it seems there would be no harm to have requirements for this case just from the standardization perspective.
For Type B UE can conduct the measurement no matter how the measurement gap patterns are configured. However from scheduling opportunity perspective there would be large impact if measurement gap patterns on FR1 are configured. For Type B marked in sky blue requirements of measurement on FR2 can be specified based on certain effective MGRP, for example 20ms. The two cases are not practical in real network either. Since there is impact to the system it is preferable not to specify requirements for the two cases.
For Type C no requirements is specified as measurement on configured measurement objects cannot be done.

In summary requirements for scenario 1 should be specified for Type A.

Proposal 2: Per-FR requirements are specified for Type A cases as in Table 2 for scenario 1.
Proposal 3: For Type A marked in blue sky as in Table 2 for scenario 1 the measurement requirements on FR2 measurement objects should be specified based on effective MGRP.
Scenario 2: Serving cell is FR2 cell only, or Serving cells are NR CA in FR2
If serving cell(s) are only in FR2, the principle of measurement for UE supporting per-FR gap pattern is that only measurements on FR2 carrier frequencies need gap assistance, while measurements on FR1 carrier frequencies don’t need gap assistance. Therefore no matter whether gap pattern for FR1 is configured UE could do measurement on FR1 carrier frequencies. 
The measurements can be categorized as in blow table 3.

Table 3. Measurements for per-FR measurement gap for scenario 2.
	
	Measurement object involves LTE, FR1   only
	Measurement object involves LTE, FR1   and FR2
	Measurement object involves FR2 only

	Serving cell configure per-FR gap for   LTE/FR1 only
	A
	C
	C

	Serving cell configure per-FR gap for   FR2 only
	B
	A
	A

	Serving cell configure per-FR gaps for   LTE/FR1 and FR2
	B
	A
	A


The definition of the measurement types are the same as for scenario 1.

Type A: Measurements can be performed if requirements are defined correctly and scheduling opportunities are not impacted by configuration of measurement gap patterns.

Type B: Measurements can be performed but scheduling opportunities are impacted.

Type C: Measurements cannot be performed.

The analysis for scenario 2 are similar with scenario 1. The similar proposals are present.
Proposal 4: Per-FR requirements are specified for Type A cases as in Table 3 for scenario 2.

Proposal 5: For Type A marked in blue sky as in Table 3 for scenario 2 the measurement requirements on FR1 measurement objects should be specified based on effective MGRP.
Scenario 3: Serving cells are FR1+ FR2 CA
If serving cell(s) are with both FR1 and FR2, the principle of measurement for UE supporting per-FR gap pattern is that measurements on both FR1 and FR2 carrier frequencies need gap assistance. If there are any measurement objects in certain frequency ranges there should be corresponding measurement gap patterns for the same frequency range. 
The measurements can be categorized as in blow table 4.

Table 4. Measurements for per-FR measurement gap for scenario 3.
	
	Measurement object involves LTE, FR1   only
	Measurement object involves LTE, FR1   and FR2
	Measurement object involves FR2 only

	Serving cell configure per-FR gap for   LTE/FR1 only
	A
	C
	C

	Serving cell configure per-FR gap for   FR2 only
	C
	C
	A

	Serving cell configure per-FR gaps for   LTE/FR1 and FR2
	B
	A
	B


The definition of the measurement types are as follows for scenario 3.

Type A: Measurements can be performed and scheduling opportunities are not impacted by configuration of measurement gap patterns.
Type B: Measurements can be performed but scheduling opportunities are impacted.

Type C: All or some of the measurements cannot be performed.

For Type A it is the correct configuration of measurement gap patterns and measurement objects for per-FR measurement configuration.
For Type B it is not preferable similar as above discussions due to loss of scheduling opportunity unnecessarily.

For Type C either all or some of the configured measurement objects cannot be performed due to lack of corresponding measurement gap patterns. It should be considered as invalid configuration.
Proposal 6: Per-FR requirements are specified for Type A cases as in Table 4 for scenario 3.

Gapless measurement for UE supporting per-FR gap patterns
For UE supporting per-FR measurement gap it is possible for UE to do gapless measurement. For scenario 1 if only FR2 measurement objects are configured, NW may not need to configured any measurement gap patterns. It is similar for scenario 2 if only FR1 measurement objects are configured. Without configuring measurement gap patterns signaling overhead can be saved. In our view requirements for such cases should also be specified.
Proposal 7: Configuration of gapless measurement should be supported for UE supporting per-FR measurement.
Proposal 8: Requirements for gapless measurement should be based on effective MGRP.

It was agreed in NSA that 20ms effective MGRP is used to define FR2 measurement requirements if no FR2 measurement gap patterns are provided. It can be reused for SA either. However for FR1 measurements, possibly LTE measurement objects would be configured, 40ms effective MGRP should be used to define requirements if no FR1 measurement gap patterns are provided.

Proposal 9: Effective MGRP for FR2 measurement without gap patterns configured should be 20ms.
Proposal 10: Effective MGRP for FR1 measurement without gap patterns configured should be 40ms.
3. Conclusion

In this contribution, we provided views on UE measurement requirements on UE measurement mode for per-FR measurement gap in SA. Based on the observations following proposals are present.

Proposal 1. The requirements relevant to per-FR gap pattern should be specified only after there is corresponding RAN2 procedures.
Proposal 2: Per-FR requirements are specified for Type A cases as in Table 2 for scenario 1.

Proposal 3: For Type A marked in blue sky as in Table 2 for scenario 1 the measurement requirements on FR2 measurement objects should be specified based on effective MGRP.
Proposal 4: Per-FR requirements are specified for Type A cases as in Table 3 for scenario 2.

Proposal 5: For Type A marked in blue sky as in Table 3 for scenario 2 the measurement requirements on FR1 measurement objects should be specified based on effective MGRP.
Proposal 6: Per-FR requirements are specified for Type A cases as in Table 4 for scenario 3.

Proposal 7: Configuration of gapless measurement should be supported for UE supporting per-FR measurement.

Proposal 8: Requirements for gapless measurement should be based on effective MGRP.

Proposal 9: Effective MGRP for FR2 measurement without gap patterns configured should be 20ms.
Proposal 10: Effective MGRP for FR1 measurement without gap patterns configured should be 40ms.
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