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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]At the RAN4 #86 Bis meeting, agreements related to UE behavior in different scenarios had been achieved in [1]. These scenarios are classified according to the collision between measurement gap (MG) and SMTC occasions in Type A/B. The details are shown as follows:
UE behavior in case of Type A/B measurements:
1. For FR1 
· Scenario 1a/1b (Full overlap between MG and SMTC in Type A/B)
· UE requirement should be specified for 1a/1b.
· The exact gap sharing between Type A/B/C, Type D is TBD.
· Scenario 2a/2b (Partial overlap between MG and SMTC in Type A/B)
· Type A/type B measurement should only be conducted outside the MG.
· All MGs are used for Type C/Type D measurements.
· Scenario 3a/3b (Full non-overlap between MG and SMTC in Type A/B)
· Requirements on type A/B measurement are specified without considering MG.
2. For FR2
· Scenario 1b (Full overlap between MG and SMTC in Type B)
· UE requirement should be specified for 1b.
· The exact gap sharing between Type B/C, Type D is TBD. 
· Scenario 2b (Partial overlap between MG and SMTC in Type B)
· UE behavior on SMTC overlapped with MG would be following options.
· Option 1-1 : Intra freq. measurement could be conducted only outside of MG.
· Option 1-2 : Intra freq. measurement could be conducted both inside and outside of MG.
· Scenario 3b (Full non-overlap between MG and SMTC in Type B) 
· Requirements on Type B measurement are specified without considering MG.
















UE behavior in measurement gap:
1. For FR1 
· Gap sharing among Type A/B/C and Type D is needed in case of scenario 1a/1b.
· How to share gap timings among each measurements should be determined in RAN4 #87 from options in the next page.
2. For FR2
· Gap sharing among Type B/C and Type D is needed in case of scenario 1b.
· Whether gap sharing is needed in case of scenario 2b would be depending on approved option (option 1-1 or option 1-2) in scenario 2b for FR2.
· How to share gap timings among each measurements should be determined in RAN4 #87 from same options for FR1.









Based on the agreements achieved in the last meeting, except the case 2b in FR2, the UE behaviors in the rest of measurements scenarios have already been confirmed. In this paper, we first discuss the UE behavior in the case 2b in FR2. Then we propose the corresponding Type A/B, Type C, and Type D requirements for each scenarios.
2	Scenarios to be specified the corresponding measurement requirements
We first discuss whether 2b should also be conducted within MG in FR2. We suggest that requirement of Type B should also be specified based on the assumption that measurement is conducted only outside the MG, because
· It prolongs the delay requirement of inter-frequency measurement. The overall mobility performance would be compromised.
· It complicates the specification work. Allowing 2b to be meausremend in MG not only complicates the requirement of 2b (for which we may need to define a new gap sharing factor), but also those requirements for Type C and Type D, which, in our understanding, is already complicated due to the consideration of SMTC configuration grouping and gap sharing.
· It complciates the design of UE scheduler. Measurement inside MG needs to consider additional aspects that do not need to be considered for meassurement outside MG, such as AGC and gap sharing. UE scheduler complexity would be far reduced if we can make the measurement inside MG and measurement outside MG completely separated.

[bookmark: _Ref513851743]Proposal 1: The requirements of scenario 2b in FR2 are specified under the case that measurements are conducted only outside the MG.
Based on the proposal 1 and agreements RAN4 had achieved, we can conclude that the requirements of Type A/B, Type C, and Type D should be specified under the following 5 scenarios: 
· 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):
· Type A/B are conducted outside MG. But whether RLM can be performed together with Type A and B needs to be further considered for FR2. As a result, Scenario B can be further divided into
· Scenario B1: The SMTC in Type A/B and RLM-RS are partially overlapped. 
· Scenario B2: The SMTC in Type A/B and RLM-RS are fully overlapped.
· MGs are shared by Type C, and Type D. 
· Scenario C (3a/3b. Fully non-overlapped between MG and SMTC in Type A/B):
· Type A/B are conducted outside MG. But whether RLM can be performed together with Type A and B needs to be further considered for FR2. As a result, Scenario C can be further divided into
· Scenario C1: The SMTC in Type A/B and RLM-RS are partially overlapped. 
· Scenario C2: The SMTC in Type A/B and RLM-RS are fully overlapped.
· MGs are shared by Type C, and Type D. 

[bookmark: _Ref513851746]Proposal 2: RAN4 to specify the requirements of following 5 scenarios
· Scenario A: 1a/1b. Fully overlapped between MG and SMTC in Type A/B
· Scenario B1: 2a/2b. Partial overlapped between MG and SMTC in Type A/B. The SMTC in Type A/B and RLM-RS are partially overlapped
· Scenario B2: 2a/2b. Partial overlapped between MG and SMTC in Type A/B. The SMTC in Type A/B and RLM-RS are fully overlapped
· Scenario C1: 3a/3b. Fully non-overlapped between MG and SMTC in Type A/B. The SMTC in Type A/B and RLM-RS are partially overlapped
· Scenario C2: 3a/3b. Fully non-overlapped between MG and SMTC in Type A/B. The SMTC in Type A/B and RLM-RS are fully overlapped


3 Basic requirement framework of measurement without gap and measurement with gap
In this section, the requirements of Type A/B, Type C, and Type D in 5 scenarios are discussed. The discussion based on the following assumptions: 
· Alternative 3 in agreed way forward [2] is adopted as the inter-frequency measurement requirement 
· Modifications of alternative 3 proposed in our paper [3] are applied. 
· Gap sharing factors are used and only applied in the gap occasions where the SMTC occasions of both intra-frequency and inter-frequency carriers exist [4]. 
· The lower bound of reporting time isn’t considered in the requirements of measurements with gap. Equivalently, we can set the lower bound to 0 for measurements with gap in order to align the requirement format with others. 

To simplify the following explanations, a basic requirement framework for all measurements in CONNECTED mode is provided first. For particular target carrier #i, the basic requirement framework can be denoted as follows:  
, where
·  denotes the delay lower bound
·  denotes the timing distance between two L1 samples for target carrier #i
·  denotes the required sample number without considering collision with MG and RX beam sweeping 
·  denotes the magnification caused by RX beam sweeping.
·  denotes the scaling factor considering the misalignment between the SMTC occasion and DRX on duration
·  denotes the scaling factor for target carrier #i, considering the SMTC occasions are punctured by the measurement gap and/or shared with RLM
·  denotes the per-carrier defined scaling factor for target carrier #i, considering that the SMTC occasions of multiple carriers are collided or not

We then summarize the Type A/B, Type C, and Type D requirements of PSS/SSS detection, SBI acquisition and measurement in the following tables. Here, a vector with square brackets  is used to denote the corresponding values of PSS/SSS detection, SBI acquisition and measurement when these values are different. For example, to denote  values in FR1, we use a vector with square brackets  to represent the corresponding required sample number of PSS/SSS detection, SBI acquisition and measurement, respectively. In these tables, some parameters are defined: 
·  is the SMTC periodicity configured for target carrier #i 
·  is the DRX cycle length 
·  is the total number of carriers whose SMTC occasions collide with that of target carrier #i 
·  is the ratio that SMTC occasions of target carrier #i are punctured by the MG
·  is the ratio agreed in [1] on how valid SMTC occasions outside MG are shared with the RLM. 
Please note that the further explanations of scaling factor  under the case measurement with gap are too complicated to be addressed in this paper. The details can be found in [3]. Without the precise formula of , the effect of gap sharing can’t be seen in these tables as well. We address the complete gap sharing effect in another paper [4].

Considering that among 5 scenarios we clarified in the previous section, only requirements of Type A/B in scenario B1 are agreed in RAN4. So we put scenario B1 in the first table to make the explanation clearer. Here, a green color is used to represent the agreements that RAN4 has achieved. The rest of the values are filled in based on 
· The assumptions we list in the beginning of this section 
· Consensus agreed in requirements of Type A/B in scenario B1 [5], but not yet extended to inter-frequency measurement requirements, e.g. 1.5 relaxation when DRX ≤ 320ms.

In Table 1, it is obviously that the structures of  between Type A/B and Type C/D have significant difference. This is because of two reasons: 1) there is no MGRP value in Type A/B, 2) the SMTC occasions of different Type A/B carriers may be irregularly overlapped. As shown in Figure 1, without the constraint of MG, the SMTC periodicity and offset can be configured arbitrarily. Therefore, the  formula of Type C/D can’t be re-used in Type A/B.


Figure 1: SMTC occasions of different Type A/B carriers may be irregularly overlapped

Table 1: The corresponding requirement in scenario B1 
(2a/2b, and SMTC occasions and RLM-RS are partially overlapped outside the MG)  
	
	Type A/B
	Type C
	Type D

	
	FR1: [600, 120, 200]
FR2: [600, 200, 400] 
	0
	0

	
	
	
	

	
	FR1: [5, 3, 5]
FR2: [5, 5, 5]
	FR1: [10, 6, 10]
FR2: [10, 10, 10]
	FR1: [10, 6, 10]
FR2: [10, 10, 10]

	 
	FR1: 
FR2: 
	1
	1

	
	FR1: [1, 1, 1]
FR2: , , 
	FR1: [1, 1, 1]
FR2: , , 
	FR1: [1, 1, 1]
FR2: , , 

	 
	
	
	

	 
	
	ceil()
	ceil()



We then provide the requirements of scenario B2 in Table 2. Here, the difference between requirements of scenario B1 and scenario B2 are marked by the yellow color. We can clearly see that the only difference is the  value in FR2. Compare with  value in FR1,  is additionally introduced in FR2 for the reason that RLM and measurement can’t be conducted simultaneously in the same occasion due to different RX beams. 

Table 2: The corresponding requirement in scenario B2 
(2a/2b, and SMTC occasions and RLM-RS are fully overlapped outside the MG)  
	
	Type A/B
	Type C
	Type D

	
	FR1: [600, 120, 200]
FR2: [600, 200, 400] 
	0
	0

	
	
	
	

	
	FR1: [5, 3, 5]
FR2: [5, 5, 5]
	FR1: [10, 6, 10]
FR2: [10, 10, 10]
	FR1: [10, 6, 10]
FR2: [10, 10, 10]

	 
	FR1: 
FR2: 
	1
	1

	
	FR1: [1, 1, 1]
FR2: , , 
	FR1: [1, 1, 1]
FR2: , , 
	FR1: [1, 1, 1]
FR2: , , 

	 
	
	
	

	 
	
	ceil()
	ceil()



The requirements of scenario C1 are provided in Table 3. Here, the difference between requirements of scenario B1 and scenario C1 are marked by the yellow color. We can clearly see that the only difference is the  value in both FR1 and FR2. This is because of that the SMTC occasions in Type A/B will not be overlapped by the MG in 3a/3b.

Table 3: The corresponding requirement in scenario C1 
(3a/3b, and SMTC occasions and RLM-RS are partially overlapped outside the MG)  
	
	Type A/B
	Type C
	Type D

	
	FR1: [600, 120, 200]
FR2: [600, 200, 400] 
	0
	0

	
	
	
	

	
	FR1: [5, 3, 5]
FR2: [5, 5, 5]
	FR1: [10, 6, 10]
FR2: [10, 10, 10]
	FR1: [10, 6, 10]
FR2: [10, 10, 10]

	 
	FR1: 1
FR2: 1
	1
	1

	
	FR1: [1, 1, 1]
FR2: , , 
	FR1: [1, 1, 1]
FR2: , , 
	FR1: [1, 1, 1]
FR2: , , 

	 
	
	
	

	 
	
	ceil()
	ceil()



The requirements of scenario C2 are shown in Table 4. Here, the difference between requirements of scenario C1 and scenario C2 are marked by the yellow color. We can clearly see that the only difference is the  value in FR2. As mentioned earlier,  is additionally introduced in FR2 for the reason that RLM and measurement can’t be conducted simultaneously in the same occasion due to different RX beams. 
Table 4: The corresponding requirement in scenario C2 
(3a/3b, and SMTC occasions and RLM-RS are fully overlapped outside the MG)  
	
	Type A/B
	Type C
	Type D

	
	FR1: [600, 120, 200]
FR2: [600, 200, 400] 
	0
	0

	
	
	
	

	
	FR1: [5, 3, 5]
FR2: [5, 5, 5]
	FR1: [10, 6, 10]
FR2: [10, 10, 10]
	FR1: [10, 6, 10]
FR2: [10, 10, 10]

	 
	FR1: 1
FR2: 
	1
	1

	
	FR1: [1, 1, 1]
FR2: , , 
	FR1: [1, 1, 1]
FR2: , , 
	FR1: [1, 1, 1]
FR2: , , 

	 
	
	
	

	 
	
	ceil()
	ceil()



Finally, the requirements of scenario A are given in Table 5. Here, the difference between requirements of scenario B1 and scenario A are marked by the yellow color. We can clearly see that the requirement structures of Type A/B in these two scenarios have significant differences. The requirement structures of Type A/B in scenario A are actually quite similar with that of Type C. 

As we mentioned in the beginning of section 2. From UE perspective, no matter the UE activity is Type A/B or Type C/D, scheduling of measurements within the MG should follow the same principles. Otherwise the corresponding requirements will be very hard to specify. We have examples in another paper [4] to illustrate this idea. Here we only capture the requirement structures.

Table 5: The corresponding requirement in scenario A 
(1a/1b)  
	
	Type A/B
	Type C
	Type D

	
	0
	0
	0

	
	
	
	

	
	FR1: [10, 6, 10]
FR2: [10, 10, 10]
	FR1: [10, 6, 10]
FR2: [10, 10, 10]
	FR1: [10, 6, 10]
FR2: [10, 10, 10]

	 
	1
	1
	1

	
	FR1: [1, 1, 1]
FR2: , , 
	FR1: [1, 1, 1]
FR2: , , 
	FR1: [1, 1, 1]
FR2: , , 

	 
	
	
	

	 
	ceil()
	ceil()
	ceil()



In this section we have already show the overall Type A/B, Type C, and Type D requirements of PSS/SSS detection, SBI acquisition and measurement in 5 scenarios. So we propose that 

[bookmark: _Ref513851747]Proposal 3: Table 1-5 are used to specify the overall Type A/B, Type C, and Type D requirements of PSS/SSS detection, SBI acquisition and measurement based on the general requirement framework: 
4	Summary 
In this contribution, we propose 
Proposal 1: The requirements of scenario 2b in FR2 are specified under the case that measurements are conducted only outside the MG.
Proposal 2: RAN4 to specify the requirements of following 5 scenarios
· Scenario A: 1a/1b. Fully overlapped between MG and SMTC in Type A/B
· Scenario B1: 2a/2b. Partial overlapped between MG and SMTC in Type A/B. The SMTC in Type A/B and RLM-RS are partially overlapped
· Scenario B2: 2a/2b. Partial overlapped between MG and SMTC in Type A/B. The SMTC in Type A/B and RLM-RS are fully overlapped
· Scenario C1: 3a/3b. Fully non-overlapped between MG and SMTC in Type A/B. The SMTC in Type A/B and RLM-RS are partially overlapped
· Scenario C2: 3a/3b. Fully non-overlapped between MG and SMTC in Type A/B. The SMTC in Type A/B and RLM-RS are fully overlapped

Proposal 3: Table 1-5 are used to specify the overall Type A/B, Type C, and Type D requirements of PSS/SSS detection, SBI acquisition and measurement based on the general requirement framework: 
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