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Introduction
For a number of meetings RAN4 has been discussing new mandatory gap patterns to be applicable from Rel-16 and for NR. In last meeting a number of papers discussed how new GPs could be introduced and under which conditions would need to be discussed and agreed in RAN4. 
In this paper we give a proposal how a new conditional mandatory GP can be introduced and the needed conditions.
Discussion
RAN4 meeting in Reno confirmed the following agreements related to introducing a new measurement GP:
· Confirmed R15 capability information elements cannot be changed in meaning by any new capability signaling introduced in R16
· Confirmed R15 gap pattern applicability rule is not changed due to introduction of additional mandatory gap patterns in R16
Hence, in general the introduction of new mandatory GPs cannot impact legacy.
Additionally, there were concerns from companies if the new mandatory GP would impact LTE implementation. Hence, it was highlighted that it should be possible to introduce the new mandatory GP without making it mandatory for LTE and should not impact the LTE implementation.
This would need to be accounted during the definition of the new GP and following RAN4 would need to discuss the detailed applicability of the new mandatory GP and the new GP. Additionally, if agreement is reached, an LS wold need to be sent to RAN2 to inform RAN2 about what has been decided and let RAN2 design any necessary signalling.

Applicability of new mandatory GP
In order to reach agreement in RAN4 to introduce a new conditional mandatory GP it needs to be clear when the new GP would be applicable and when it cannot be used.
Unfortunately, this discussion is rather complex, and many aspects needs to be considered. We have next split the analysis into two high level cases: Common gap capable UE and a Per-FR gap capable UE.

Per UE Gap UE
For a UE only supporting common gap pattern we further look at the different deployment scenarios:
NR-SA and NR-DC:
New mandatory GP is applicable in NR SA and NR-DC for NR gap assisted measurements:
· GP is configured by NR PCell
· Can be applied for both NR FR1 and NR FR2 gap assisted measurements
· Provided no LTE gap assisted measurement are configured (as these are in Rel-15 always gap assisted)
EN-DC:
New mandatory GP is not applicable in EN-DC for NR gap assisted measurements as the measurement configuration and therefore also the measurement gap configuration is configured by the PCell.
NE-DC:
New mandatory GP is not applicable in NE-DC for NR gap assisted measurements although the GP is configured by NR PCell. The GP is common for both LTE and NR and therefore impacts the LTE legacy implementation.
Based on this we observe following for a UE only supporting common GP:
New GP can be applied to NR-DC and NR-SA when UE support common gaps, provided no LTE gap assisted measurement are configured.
New GP cannot be applied for a UE supporting common gaps in EN-DC and NE-DC modes.
New GP cannot be applied for a UE supporting common gaps in LTE SA.
New GP can be applied for a UE supporting common gaps in NR SA.

Per FR Gap UE
For a UE supporting Per-FR gap patterns we look once again at each of the different deployment scenarios:
NR-SA and NR-DC:
New mandatory GP is applicable in NR SA and NR-DC for NR gap assisted measurements:
· GP is configured by NR PCell
· Can be applied for NR FR2 gap assisted measurements
· Can be applied for NR FR1 gap assisted measurements
· Provided no LTE gap assisted measurement are configured in FR1.
EN-DC with PSCell in FR1 or FR2:
The new mandatory GP is applicable for any gap assisted measurement configured on FR2 carriers based on the following conditions: 
· Gap assisted measurements using new mandatory GP can be configured in FR2 if:
· In EN-DC the GPs are configured by gNB (NR).
This is provided that any Gap assisted measurements in FR1 are using legacy GPs.
However, Gap assisted measurements using new mandatory GP cannot be configured in FR2 if in EN-DC the GPs are configured by eNB (LTE).

NE-DC with PCell in FR1 and FR2:
For any gap assisted measurement configured on FR2 carriers, the new mandatory GP is applicable. Additionally, any gap assisted measurements in FR1 cannot use new mandatory GP but shall be using legacy GPs.
Based on this observe for a UE supporting Per-FR GP:
A UE supporting Per-FR GP in NR SA and NR-DC, the new mandatory GP is applicable for NR gap assisted measurements for FR2 gap assisted measurements and FR1 gap assisted measurements provided no LTE gap assisted measurement are configured in FR1.
In EN-DC, for a UE supporting Per-FR GP, the new GP can is applicable in FR2 if configured by gNB. 
 A UE supporting Per-FR GP in NE-DC the new mandatory GP is applicable for any gap assisted measurement configured on FR2 carriers. Any gap assisted measurements in FR1 shall be using legacy GPs.
New GP cannot be applied for a UE supporting Per-FR gaps in LTE SA.
New GP can be applied for a UE supporting common gaps in NR SA.

New Gap applicability summary
Above discussion and observations is summarized in the following applicability table:
	Measurement gap pattern configuration 
	Configuration 
	Measurement Purpose 
	Applicability of Gap Pattern Id x

	Per UE Gap
	EN-DC
	any gap assisted measurements
	No

	
	NE-DC
	any gap assisted measurements
	No

	
	NR-DC
	NR FR1 and FR2 gap assisted measurements
	YesNote 1 

	
	NR SA
	NR FR1 and FR2 gap assisted measurements
	YesNote 1

	
	LTE SA
	Any gap assisted measurements
	No

	Per FR Gap Note 3
	EN-DC
	FR2 gap assisted measurement
	YesNote 2

	
	EN-DC
	FR2 gap assisted measurements
	NoNote 4

	
	NE-DC
	NR FR2 gap assisted measurements
	yes

	
	NE-DC
	FR1 gap assisted measurements
	No

	
	NR-DC
	NR FR1 and FR2 gap assisted measurements
	YesNote 5 

	
	NR SA
	NR FR1 and FR2 gap assisted measurements
	YesNote 5

	
	LTE SA
	Any gap assisted measurements
	No

	Note 1: provided no LTE gap assisted measurements are configured
Note 2: provided FR2 gap pattern is configured by gNB
Note 3: FR1 and FR2 gap patterns can be configured by either eNB or gNB 
Note 4: If gap pattern for FR1 and FR2 are configured by eNB
Note 5: provided no LTE gap assisted measurements are configured in FR1



Discuss and agree on the applicability table for the new mandatory GP.

New mandatory Gap Pattern
RAN4 would additionally need to agree on which of the current GPs would be mandatory under the agreed applicability.
As existing GPs 12-23 can only be applied to FR2 gap assisted measurements, these GPs would not add value as new mandatory GP if the measurement purpose would be NR FR1 measurements.
Current existing mandatory GP#0 and GP#1 are both of 6ms gap length. Having new mandatory GP with shorter gap length would enable more system efficiency for the case where the carrier to be measured would have SSB burst length which is shorter than the maximum of 64 SSB bursts.
Currently the gap repetition period can only be 40ms or 80ms which impacts the overall expected measurement delay on cell detection and measurements of NR inter-frequency measurements. Having a new mandatory GP with gap a shorter gap repetition period would help in reducing the overall NR inter-frequency measurement delay.
Considering above we would prefer to focus on a new gap pattern which can be applied for both FR1 and FR2 measurements. Hence, the new mandatory GP would be one in the range of GP#[2 – 11]. This would ensure that the GP can be used for both NR gap assisted measurements in FR1 and FR2, while only sacrificing a potential reduction of the overall gap overhead in FR2 with an acceptable amount – between 0.5 – 1.5ms.
New mandatory GP is among GP#2 – GP#11 gap patterns.
Out of the GP#2-GP#11 we would prefer to focus on a GP which can help in reducing the overall measurement gap overhead when a full 6ms measurement gap is not needed. Hence, in that sense we do not see a strong reason to mandate GP#4 or GP#5.
Considering selection between a measurement GP with 3ms or 4ms gap length we prefer the 4ms gap length GP as the new mandatory GP would have be used also for FR2 gap assisted measurements. One can expect that in FR1 the SSB bursts should easily fall within 3ms (4ms - FR1 gap considering switching delay of 0.5ms). For FR2 we would expect a larger number of SSB bursts and thereby a longer SSB burst period. A 4ms measurement gap length in FR2 would lead to an efficient measurement time of 3.5ms (4ms gap length – FR2 gap switching delay of 0.25ms). A 3.5ms measurement time would be a reasonable compromise to balance the existing gap length and having a shorter gap length for the cases where the deployments use less than maximum number of SSB burst.
New GP is among GP#6 – GP#9 gap pattern.
For the GPs we have 4 different gap repetitions of 20, 40, 80 and 160ms. The impact from the repetition factor is 2-fold:
· each gap impacts the network scheduling opportunity and potentially the TP.
· measurement delay scales with the measurement gap repetition.
Which GP to be used would very much depend on the specific deployment and scenario. Short gap repetition period can be used to ensure shorter expected measurement delays while it would have greater impact on the gap overhead. A longer gap repetition period would ensure that measurement delay is same as with existing mandatory GPs while having additional benefit of lowered measurement gap overhead. We would prefer to have all 4 GP#6-GP#9 as mandatory GP from Rel-16. 
From Rel-16 GP#6 – GP#9 are defined as mandatory GPs.
However, if down-selection is needed among the GPs is needed we would see GP#9 as the candidate.

Conclusion
In this paper we give a proposal how a new conditional mandatory GP can be introduced and the needed conditions.
1. Discuss and agree on the applicability table for the new mandatory GP.
	Measurement gap pattern configuration 
	Configuration 
	Measurement Purpose 
	Applicability of Gap Pattern Id x

	Per UE Gap
	EN-DC
	any gap assisted measurements
	No

	
	NE-DC
	any gap assisted measurements
	No

	
	NR-DC
	NR FR1 and FR2 gap assisted measurements
	YesNote 1 

	
	NR SA
	NR FR1 and FR2 gap assisted measurements
	YesNote 1

	
	LTE SA
	Any gap assisted measurements
	No

	Per FR Gap Note 3
	EN-DC
	FR2 gap assisted measurement
	YesNote 2

	
	EN-DC
	FR2 gap assisted measurements
	NoNote 4

	
	NE-DC
	NR FR2 gap assisted measurements
	yes

	
	NE-DC
	FR1 gap assisted measurements
	No

	
	NR-DC
	NR FR1 and FR2 gap assisted measurements
	YesNote 5 

	
	NR SA
	NR FR1 and FR2 gap assisted measurements
	YesNote 5

	
	LTE SA
	Any gap assisted measurements
	No

	Note 1: provided no LTE gap assisted measurements are configured
Note 2: provided FR2 gap pattern is configured by gNB
Note 3: FR1 and FR2 gap patterns can be configured by either eNB or gNB 
Note 4: If gap pattern for FR1 and FR2 are configured by eNB
Note 5: provided no LTE gap assisted measurements are configured in FR1



New mandatory GP is among GP#2 – GP#11 gap patterns.
New GP is among GP#6 – GP#9 gap pattern.
From Rel-16 GP#6 – GP#9 are defined as mandatory GPs.
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