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1 Introduction
Measurement gap is one of the most important issues in building NR RRM requirements, and it was extensively discussed in RAN4#84bis. An LS [1] was agreed which captures those aspects that require RAN2 signalling support. Also, a WF [2] was agreed which captures those aspects related to RAN4 further work. 
One open issue for RAN4 to further work is the measurement gap pattern, including MGL and MGRP. Based on our understanding and the email discussion on RAN4 reflector, the applicability of the MGL with different combinations of impacted and measured cells in different frequency range (FR) still needs more discussion. MGRP may be less controversial but still the necessity and applicability of certain MGRP are still open.
In this paper, we will provide our views on the measurement gap pattern and applicability.

2 Discussion 
2.1 MGL
The related contents with MGL in [2] are copied below.

	MGL

· For UE supports single and per UE gap, three MGL are introduced, 6ms, [4]ms and 3ms

· For UE support independent gap for FR1/2, the following MGL are introduced

· FR1 measurement objects: 6ms, [4]ms and 3ms

· FR2 measurement objects: 

· With FR1/LTE serving cell only: 6ms, [4]ms and 3ms

· With FR2 serving cell: 

· If identical gap is configured for both FR1 and FR2: 6ms, [4]ms, 3ms, 

· If independent gap is configured for FR1 and FR2:[1+x] ms, [2.25+x] ms, [5+x]ms

Note: x is defined based on RF switching time and TBD in RAN4#85

· Non-NR-capable UE does not need to support new gap other than 3ms or 6ms


The baseline MGL is 6ms, and the motivation to introduce smaller MGL is to optimize the spectral efficiency when SMTC window is smaller than 5ms. RAN1 has not finalized all possible SMTC window durations, but values of 1ms and 5ms have been agreed and more values will come. It is desirable to have MLG corresponding to each of the possible SMTC window, however this is not affordable from UE implementation complexity perspective. In our view, 3 MGLs for 1ms, 5ms and a third (short) SMTC window durations is a good balance.
Regarding the exact MGL for the case where both impacted and measured cells are on FR2, the open issue is the RF switching time x. In RAN4#84bis, one chipset vendor proposed that the total two-way switching time can be 500us in this case, and there was no other proposal so far. We think this could be taken as the assumption for value x, so the 3 MGLs for the case where both impacted and measured cells are on FR2 are 1.5ms, 2.75ms and 5.5ms.
Proposal 1: RAN4 to confirm that 3 MGLs can be configurable for different SMTC window durations.

· For the case where both impacted and measured cells are on FR2, MGLs are 1.5ms, 2.75ms and 5.5ms

· For other cases where gaps are needed, MGLs are 3ms, 4ms and 6ms. 
The measurement time for each MGL was also discussed in RAN4#84bis. Although from [2] the measurement time is 1ms, 2/2.25ms and 5ms for 3 MGLs, one issue to consider is the offset between the MG and SMTC window. In LTE, any 5ms can be a valid window for measurement, but in NR the SMTC window must be within the MGL in such a way that it is no earlier than start of the MGL plus x, and no later than the end of the MGL minus x, where x is the RF switching time. 
As shown in Figure 1, depending on the offset between SMTC window (blue box) and MGL (green boxes), the same measurement time may require different MGLs. In Figure 1(a), there is a 0.5ms offset between the MGL and SMTC window, so 2ms measurement time can be accommodated in a 3ms MGL. In Figure 1(b), the MGL and SMTC window are aligned, and same 2ms measurement time requires 4ms MGL. 
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Figure 1: Illustration of different MGL for same measurement time
As the measurement time for each GP will be specified in 38.133, above difference based on the offset between SMTC window and MGL should be reflected. In our view, for the MGL of 3ms, 4ms and 6ms, two measurement time should be mentioned, i.e. 1ms or 2ms measurement time for 3ms MGL, 2ms or 3ms measurement time for 4ms MGL, and 4ms or 5ms measurement time for 6ms MGL. For MGL of 1.5ms, 2.75ms and 5.5ms, as they are only used when both impacted and measured cells are on FR2, and the maximum slot length in FR2 is 0.25ms which is same as the proposed RF switching time, there is no such case as in Figure 1, and the measurement time is 1ms, 2.25ms and 5ms without any ambiguity. 

Proposal 2: Measurement time for different MGLs are to be captured as 

· 1ms or 2ms for 3ms MGL, 

· 2ms or 3ms for 4ms MGL, 

· 4ms or 5ms for 6ms MGL,

· 1ms for 1.5ms MGL,

· 2.25ms for 2.75ms MGL,

· 5ms for 5.5ms MGL.
The applicability of different MGL is discussed in [2], but since those agreements were made only in the last minutes in RAN4#84bis, we think some of them may need to be re-visited. Our analysis on the UE measurement behavior and resulted applicable MGLs are listed in Table 1 for different combinations of impacted and measured cells.
Table 1: UE measurement behavior and resulted applicable MGLs

	Impacted cell
	Measured cell
	UE behavior
	Applicable MGLs

	Per UE gap

	FR1 only (F1)
	FR1 only (F2)
	Switch from F1 to F2
	3ms, 4ms, 6ms

	
	FR2 only (F2)
	Switch off F1 and switch on F2
	3ms, 4ms, 6ms

	
	FR1 (F2) + FR2 (F3)
	Switch from F1 to F2, or Switch off F1 and switch on F3 
	3ms, 4ms, 6ms

	FR2 only
	Not applicable for NSA

	FR1 (F1) + FR2 (F2)
	FR1 only (F3)
	Switch from F1 to F3, and Switch off F2
	3ms, 4ms, 6ms

	
	FR2 only (F3)
	Switch from F2 to F3, and Switch off F1
	3ms, 4ms, 6ms

	
	FR1 (F3) + FR2 (F4)
	Switch from F1 to F3, and Switch from F2 to F4
	3ms, 4ms, 6ms

	Per FR gap

	FR1 (F1)
	FR1 only (F3)
	Switch from F1 to F3
	3ms, 4ms, 6ms

	FR2 (F2), if configured
	
	No gap needed

	FR1 (F1)
	FR2 only (F3)
	No gap needed

	FR2 (F2), if configured
	
	Switch from F2 to F3
	1.5ms, 2.75ms, 5.5ms

	FR1 (F1)
	FR1 (F3) + FR2 (F4)
	Switch from F1 to F3
	3ms, 4ms, 6ms

	FR2 (F2), if configured
	
	Switch from F2 to F4
	1.5ms, 2.75ms, 5.5ms


Based on Table 1, we have the following technical proposal, and we also show how this can be captured in 38.133 with our companion TP.
Proposal 3: The applicability of MGLs is defined as 

· When UE is configured with per UE gap, applicable MGLs are 3ms, 4ms and 6ms.

· When UE is configured with per FR gap, applicable MGLs for impacted cells in FR1 are 3ms, 4ms and 6ms if UE is configured to measure cells on FR1, otherwise no gap is needed.

· When UE is configured with per FR gap, applicable MGLs for impacted cells in FR2 are 1.5ms, 2.75ms and 5.5ms if UE is configured to measure cells on FR2, otherwise no gap is needed.

2.2 MGRP
The related contents with MGL in [2] are copied below.

	MGRP
· Four MGRP to be introduced: 20ms, 40ms, 80ms and 160ms for NSA and SA NR UE

· If non-NR measurement objects are configured, 160ms MGRP should not be used

· FFS: 40ms MGRP LTE requirements will apply if 20ms MGRP common gap is configured

· For UE not supporting NR, both 20ms and 160ms should not be configured 

· Necessity of 20ms MGRP +6ms MGL to be confirmed by RAN4#85

· To do in RAN4#85: 

· Identify the combinations of MGRP and MGL, which are necessarily to be introduced in Rel-15

· Update measurement gap configuration table based on updated MGL and MGRP


The first open issue in MGRP is how to handle 20ms MGRP gap common for both LTE and NR. One option is to follow the same approach as for 160ms MGRP that 20ms MGPR is not used when there is LTE measurement object. The problem of his approach is that it reduces the applicability of 20ms MGRP. Another approach is to allow 20ms MGRP even there is LTE measurement object, but the measurement requirement for LTE measurement object follows that of 40ms MGRP. In our view, the latter approach is better, and 20ms MGRP is different than 160ms MGRP in the sense that there is no existing measurement requirement to follow for 160ms MGRP. 

Proposal 4: Allow 20ms MGRP even there is LTE measurement object, and the measurement requirement for LTE measurement object is defined as if 40ms MGRP.

The second open issue in MGRP is whether 20ms MGRP + 6ms MGL is necessary. The main concern of this configuration is the overhead and the impact to throughput. However, we think the use of different GPs is fully up to network configuration, and there is no need to preclude any GP from specification. For example, in case of FR2 measurement and long SMTC window duration, network may have no choice but to configure 20ms MGRP + 6ms MGL, and the measurement may be deactivated after some time.
Proposal 5: All 24 gap patterns identified in RAN4#84bis are introduced in R15.

3 Conclusions 

In this paper, we provided our views on measurement gap pattern and applicability.
Proposal 1: RAN4 to confirm that 3 MGLs can be configurable for different SMTC window durations.

· For the case where both impacted and measured cells are on FR2, MGLs are 1.5ms, 2.75ms and 5.5ms
· For other cases where gaps are needed, MGLs are 3ms, 4ms and 6ms.
Proposal 2: Measurement time for different MGLs are to be captured as 

· 1ms or 2ms for 3ms MGL, 

· 2ms or 3ms for 4ms MGL, 

· 4ms or 5ms for 6ms MGL,

· 1ms for 1.5ms MGL,

· 2.25ms for 2.75ms MGL,

· 5ms for 5.5ms MGL.
Proposal 3: The applicability of MGLs is defined as 

· When UE is configured with per UE gap, applicable MGLs are 3ms, 4ms and 6ms.

· When UE is configured with per FR gap, applicable MGLs for impacted cells in FR1 are 3ms, 4ms and 6ms if UE is configured to measure cells on FR1, otherwise no gap is needed.

· When UE is configured with per FR gap, applicable MGLs for impacted cells in FR2 are 1.5ms, 2.75ms and 5.5ms if UE is configured to measure cells on FR2, otherwise no gap is needed.

Proposal 4: Allow 20ms MGRP even there is LTE measurement object, and the measurement requirement for LTE measurement object is defined as if 40ms MGRP.

Proposal 5: All 24 gap patterns identified in RAN4#84bis are introduced in R15.
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