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1	Introduction 
At the RAN4 #87 meeting, RAN4 had sent a LS [1] to inform RAN2 that the gap sharing factor should be specified in release 15. The detail values are specified in [2] and shown as follows:
	Table 9.1.2-5: Value of parameter X
	Network signaling ParameterName (to be determined by RAN2)
	Value of X (%)

	‘00’
	Equal splitting

	‘01’
	[25]

	‘10’
	[50]

	‘11’
	[75]






In this paper, based on the agreements achieved in the last meeting, we will discuss the gap sharing between intra-frequency and inter-frequency measurements. The discussion will be focus on the UE scheduling method and the corresponding requirements when gap sharing is taken into account.  
2	Gap sharing between intra-frequency and inter-frequency measurements
Based on the agreement in [3], the scenarios of gap sharing can then be concluded based on the window timing locations of SMTC and measurement gap (MG):
· Scenario A (1a/1b. Fully overlapped between MG and SMTC in Type A/B):
· MGs are shared by Type A/B, Type C, and Type D. 
· Scenario B (2a/2b. Partial overlapped between MG and SMTC in Type A/B):
· MGs are shared by Type C, and Type D. 
· Scenario C (3a/3b. Fully non-overlapped between MG and SMTC in Type A/B):
· MGs are shared by Type C, and Type D. 
RAN4 had agreed in last meeting that when SMTC occasions are fully collided with measurement gap, the requirement of Type A/B measurement is treated in the same way as Type C measurement [4]. The details are shown as below:
UE behavior in case of Type A/B measurements:
1. For FR1 
· When FR1 type A/B measurements and measurement gap are fully colliding, the type A/B measurement is treated in the same way as a type C measurement (i.e., gap sharing)
2. For FR2
· When FR2 type B measurements and measurement gap are fully colliding, the type B measurement is treated in the same way as a type C measurement (i.e., gap sharing)







We can conclude that from requirement framework perspective, the 3 scenarios listed in the beginning of this section have no significant difference. Therefore, the explanations in the following are proceeded without mentioning which scenario is discussed. 

RAN4 had also agreed that how to share gaps between intra-frequency measurement and inter-frequency measurement is configurable with 4 sharing factors. Assuming that X denotes scaling ratio for intra-frequency measurement, in the following discussion we define the following scaling values
· For intra-frequency measurement requirement:  
· For inter-frequency measurement requirement: 

First issue to be discussed is whether we need to applied  and  to all gap occasions in the requirements, or we only applied to those gap occasions in which UE can observe SMTC occasions from both intra-frequency and inter-frequency. In our opinion, the former approach could lead to a too loose requirement because those gaps with only intra-frequency SMTC occasions or only inter-frequency SMTC occasions are also shared. One extremely case could be that an inter-frequency SMTC with periodicity 20ms and an intra-frequency SMTC with periodicity 160ms. (Both collide with a gap of MGRP=20ms) Actually, there is only one gap out of 8 successive gaps needs to be shared. If X=50% is to be applied to all gap occasions, then the delay requirement will be doubled. Considering that gap sharing scheme has huge impact on inter-frequency measurement requirement, we suggest that RAN4 should first decide if gap sharing factors are only applied to the gap occasions that both intra-frequency and inter-frequency/inter-RAT MOs exist or applied to all gap occasions.
[bookmark: _Ref514099414][bookmark: _Ref514090880]Proposal 1: RAN4 to decide if gap sharing factors are applied to 
· Option 1: only gap occasions that both intra-frequency and inter-frequency/inter-RAT MOs exist, or 
· Option 2: all gap occasions.

As we explained in another paper [5], Alt.3 in agreed way forward [6] is the only candidate that could address gap sharing Option 1. Therefore, in the following discussion, we adopt Alt.3 to define the corresponding requirements. The detail formula of Alt.3 can be found in Appendix. In which the number of searcher is assumed to be one.

Let and denote the number of MOs in intra-frequency measurement and inter-frequency measurement, respectively, where  denotes the intra-frequency carriers being monitored within the measurement gap (including the carriers that need to conduct the measurement of intra-frequency measurement with gap and intra-frequency measurement without gap but all the SMTC occasions are overlapped with the measurement gap, i.e., only Typc C and Type A/B under 1a/1b scenarios). Assuming that  can be further decomposed as the summation of the number measurement objects with PCell/PSCell and SCells (including activated and deactivated SCells), i.e., , where  denotes the number of measurement object with PCell or PSCell, and  the number of measurement object with SCells. The total number of monitored carriers is . 

RAN4 had agreed in [7] that the requirements of Type A/B in scenarios 2a/2b should be defined based on the assumption that there is one dedicated searcher for PCells measurement. Besides, In RAN4#87 meeting, the UE measurement capability in FR2 had also been agreed in [8] with the following description 
For each intra-frequency layer, during each layer 1 measurement period, the UE shall be capable of monitoring at least [24] SSB with different SSB index and/or PCI on a single serving carrier (PCC or PSCC or 1 SCC if PCC/PSCC is in a band different from SCC) out of all the serving carriers configured in the same band.




This agreement resolves the high complexity issue of 2 searchers in FR2. One single search is sufficient for one FR2 band. Considering that RAN4 agreed 2 searcher for the case when all serving cells are in FR1, the only open issue here is on the case when serving cells are in both FR1 and FR2. For this case, we suggest to use 2 searchers as the baseline to specify the corresponding intra-frequency measurement requirement. 
[bookmark: _Ref517298918]Proposal 2: RAN4 to clarify that 2 searchers is the baseline to specify the corresponding intra-frequency measurement requirements when serving cells are in both FR1 and FR2. 

Based on proposal 2, we then discuss the requirements when Type A/B, Type C, and Type D are all measured with the MG. An example of 6 MOs is shown in Figure 1. There are 3 intra-frequency MOs and 3 inter-frequency MOs to be monitored simultaneously within the MG of MGRP 40ms, and the gap sharing factor configured by the network is X=50%. The PRS has periodicity larger than largest configured NR SMTC periodicity. To simplify the discussion, we do not assume NR-NR DC and nor any serving cells from FR2. 

The MGs used to conduct the intra-frequency measurement are marked by yellow color, and the MGs used to conduct the inter-frequency measurement are marked by green color. Besides, if only MOs of intra-frequency or only MOs of inter-frequency exist, then gap sharing isn’t applied. If MOs of intra-frequency and inter-frequency both exist, then gap sharing is applied and marked by blue color.

Figure 1: The example of 6MOs.

Based on the 2 searcher assumption, we have below 4 principles to address the UE behavior: 
· Principle 1: The PRS has periodicity larger than largest configured NR SMTC periodicity has the highest priority. In a gap occasion where PRS can be observed, UE should always conduct the PRS measurement and ignore other MOs.
· Principle 2: When measGapSharingScheme is not equal splitting, UE first decides to conduct intra-frequency measurement or inter-frequency measurement in particular gap occasion based on gap sharing factor, then decides 2 carriers or 1 carrier to be measured based on the Principle 4.   
· Principle 3: When measGapSharingScheme is equal splitting, UE first decides to conduct which frequency layer to be selected (either intra-frequency or inter-frequency) in a particular gap occasion based on the number of observed intra-frequency measurement objects with SCells  and the number of inter-frequency/inter-RAT measurement objects , then decides 2 carriers or 1 carrier to be measured based on the Principle 4.   
· [bookmark: _GoBack]Without considering PCell/PSCell, UE first picks one frequency layer out of the total layers (both inter-frequency and intra-frequency) observed in a particular gap occasion with equal probability .
· Once UE decides to conduct the intra-frequency measurement with SCells in a particular gap occasion, then UE can simultaneously conduct measurement on PCell or PSCell, so the probability that measurement object with PCell or PSCell can be measured is 
· Principle 4: When MG is decided for intra-frequency measurement, UE can conduct measurements of intra-frequency with PCell and one intra-frequency with SCell simultaneously. However, due to the RF constraint, when MG is decided for inter-frequency measurement, UE can only choose one inter-frequency at a time. 
[image: ]
Figure 2: The decision flow of UE measurement behavior. 



The formula of Alt.3 need to be modified as follows:
· 

· Scaling rules (2), (3), and (4) should be modified as follows:
(2) If , measGapSharingScheme is not “Equal splitting” and 
1.  and , and carrier i is an intra-frequency measurement object with PCell or PSCell, then    
         .
2.  and , and carrier i is an intra-frequency measurement object with SCells, then    
          .
(3) If , measGapSharingScheme is not “Equal splitting” and  and , and carrier i is an inter-frequency/inter-RAT measurement object , then  
       .
(4) If  and measGapSharingScheme is “Equal splitting” , and 
1. carrier i is an intra-frequency measurement object with PCell or PSCell, then
                                     , 
2. carrier i is an intra-frequency measurement object with SCell or inter-frequency/inter-RAT   
measurement object , then


[bookmark: _Ref517298922]
Proposal 3: The RF constraint needs to be considered when specify the requirements of measurement conducted within the measurement gap: When MG is left for intra-frequency measurement, UE can conduct measurements of intra-frequency with PCell/PSCell and one intra-frequency with SCell simultaneously. However, due to the RF constraint, MG is left for inter-frequency measurement, UE can only conduct measurement of one inter-frequency at a time.

Furthermore, the requirement tables of Type D measurement should be modified. An extension of required sample number is needed and addressed in another paper [5]. The value of  is FFS. 

[bookmark: _Ref517298929]Proposal 4: Tables 1 is used to specify the requirements of Type D measurement 
Table 1: Measurement period for inter-frequency measurement 
(Frequency Range FR1)
	DRX cycle
	T SSB_measurement_period

	No DRX
	

	DRX cycle≤ 320ms
	

	DRX cycle>320ms
	


 
Besides, the requirement tables of Type A/B measurement under scenarios 1a/1b and Type C measurement should be modified as follows:
[bookmark: _Ref517298946][bookmark: _Ref514100058]Proposal 5: Tables 2 is used to specify the requirements of Type A/B measurement under 1a/1b scenarios and Type C measurement 
Table 2: Measurement period intra-frequency measurement 
(Frequency Range FR1)
	DRX cycle
	T SSB_measurement_period  

	No DRX
	

	DRX cycle≤ 320ms
	

	DRX cycle>320ms
	


 
4	Summary 
In this contribution, we propose

Proposal 1: RAN4 to decide if gap sharing factors are applied to 
Option 1: only gap occasions that both intra-frequency and inter-frequency/inter-RAT MOs exist, or 
Option 2: all gap occasions.

Proposal 2: RAN4 to clarify that 2 searchers is the baseline to specify the corresponding intra-frequency measurement requirements when serving cells are in both FR1 and FR2.

Proposal 3: The RF constraint needs to be considered when specify the requirements of measurement conducted within the measurement gap: When MG is left for intra-frequency measurement, UE can conduct measurements of intra-frequency with PCell/PSCell and one intra-frequency with SCell simultaneously. However, due to the RF constraint, MG is left for inter-frequency measurement, UE can only conduct measurement of one inter-frequency at a time.


Proposal 4: Tables 1 is used to specify the requirements of Type D measurement 
Table 1: Measurement period for inter-frequency measurement 
(Frequency Range FR1)
	DRX cycle
	T SSB_measurement_period

	No DRX
	

	DRX cycle≤ 320ms
	

	DRX cycle>320ms
	



Proposal 5: Tables 2 is used to specify the requirements of Type A/B measurement under 1a/1b scenarios and Type C measurement 
Table 2: Measurement period intra-frequency measurement 
(Frequency Range FR1)
	DRX cycle
	T SSB_measurement_period  

	No DRX
	

	DRX cycle≤ 320ms
	

	DRX cycle>320ms
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6	Appendix 
For UE which support and are configured with per FR gaps, Nscaling,i is defined on a per frequency range basis, considering the gap pattern and carriers configured in the relevant frequency range. For UE which are configured with per UE gaps, Nscaling,i is defined considering the per UE gap pattern and all confifured carriers.
Considering that there are Nfreq,NSA carriers to be measured, denote each carrier with index i where i={0…Nfreq,NSA-1}
Determine the gap utilization reputation period G
	G=max(MGRP, SMTC period0, … SMTC periodi , PRS period1,…)) 
Denote each gap in the period G with index j where j={0…(G/MGRP)-1}
For each carrier i, and each gap j, determine if the carrier i is a candidate to be measured in the measurement gap j, considering its SMTC configuration. 
An NR carrier is a candidate to be measured if its SMTC occasion at least partially coincides in time with the considered measurement gap excluding RF switching time.
The result of this determination is
	  if carrier i is a candidate to be measured in gap j
	  otherwise	
For each measurement gap, count the number of competing measurement objects according to
	 
If gap sharing is configured with non-equal sharing, for each measurement gap, count the number of competing intra-frequency measurement objects according to
	 
            
For each measurement gap j and each carrier i, compute the assumed measurement scaling factor according to the following
(1) If  and carrier i involves a PRS measurement with periodicity larger than largest configured NR SMTC periodicity then 
		 and  for all k≠i, and 
     do not evaluate rules (2), (3), (4) and (5), for gap j. 
(2) If , measGapSharingScheme is not “Equal splitting” and and , and carrier i is an intra-frequency measurement object then   
     .
(3) If , measGapSharingScheme is not “Equal splitting” and and , and carrier i is an inter-frequency/inter-RAT measurement object then  
     .
(4) If  and measGapSharingScheme is “Equal splitting” then
     .
(5) If   then  
         .
For each carrier i, compute the total number of measurement opportunities according to
	 
The scaling factor for carrier i is then determined according to
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