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1 Introduction
In this paper, we discuss measurement applicability when mixed numerology is used at intra-frequency in NR. For the mixed numerology, 2 cases can be considered. First thing is a mixed numerology by different SS burst periodicity with same bit map of SS blocks. Second thing is a mixed numerology by different bit map of SS blocks within one SS burst duration. We show a related analysis and views in Section 2. 
2 Discussion 
In the last RAN4 NR-AH#3 meeting, the definitions of SSB based intra-frequency measurement and remained issues were agreed in WF. 

	· SSB based Intra-frequency measurement without measurement gap :

· the center frequency of the SSB of the serving cell and the center frequency of the SSB of the neighbour are the same, and 

· the subcarrier spacing of the SSB of the serving and neighbour cell are the same, and 

· UE operation CBW can cover both serving cell SSB and target cell SSB 
· SSB based Intra-frequency measurement with measurement gap
·  the center frequency of the SSB of the serving cell and the center frequency of the SSB of the neighbour are the same, and 

· the subcarrier spacing of the SSB of the serving and neighbour cell are different, and/or 

· UE operation CBW cannot cover serving cell SSB and target cell SSB (the UE CBW in this case might vary among different OFDM symbols), 
· Decision in RAN4#84bis:

· Depending on UE’s capability, if measurement gap is always needed for intra-frequency measurement of mmWave carriers

· Depending on UE’s capability, if measurement gap is always needed for intra-frequency measurement if SSB RE and non-SSB RE in the same OFDM symbols of serving cell have different SCS(Sub Carrier Spacing).

· If measurement gap is needed if SCS of target cell SSB and collided serving cell non-SSB RE are different


And, requirements of applicability were agreed for change of situation with MG and without MG as following.
	· Requirements applicability:

· During the cell identification/measurement period where intra-frequency is measured without gap, if measurement gap happens to be needed, UE should comply with the requirements for intra-frequency with measurement gap
·  During the cell identification/measurement period where intra-frequency is measured with gap, if measurement gap happens not to be needed, UE should comply with the requirements for intra-frequency with measurement gap


Among remained issues, we focus on MG and applicability by a mixed numerology which is configured as that SCS of target cell SSB and collided serving cell non-SSB RE are different. 
First issue is related to MG. The related cases of a mixed numerology can be summarized with 2 cases as Figure2.1. 

One case is for configuration of neighboring cell such as different SS burst periodicity from serving cell, same bit map of SS blocks of serving cell and different SCS of non-SS RE. Figure2.1(a) shows it.
The other case is for configuration of neighboring cell such as same SS burst periodicity of serving cell, different bit map of SS blocks within one SS burst duration from serving cell and different SCS of non-SS RE. Figure2.1(b) shows it.
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Figure2.1. Example of Mixed numerology in SSB

Depending on UE’s capability of implementation, some UE cannot perform searching of SS and decoding Data simultaneously and some UE can perform them simultaneously if a dedicated SS searcher block is implemented in UE receiver.  It means that for UE which has a dedicated SS searcher in parallel, MG is not needed in both above 2 cases. However, for UE which does not have a dedicated SS searcher so that selection is needed between decoding serving cell’s data and searching of neighboring cell’s SS, MG and/or indication related to selection from NW is needed. In other word, depending on UE’s capability, MG and/or indication related to selection between decoding serving cell’s data and measurement of neighboring cell are needed. Regarding that MG is for measurement of neighboring cell, the indication is not necessary to be defined in addition to MG. 

· Proposal 1: If additional signaling is not specified which is related to UE capability for decoding serving cell’s data and measurement of neighboring cell simultaneously, measurement gap is needed if SCS of target cell SSB and collided serving cell non-SSB RE are different.
· Proposal 2: If additional signaling is specified which is related to UE capability for decoding serving cell’s data and measurement of neighboring cell simultaneously, measurement gap is not needed even though SCS of target cell SSB and collided serving cell non-SSB RE are different.
Second issue is related to requirements of applicability.

For figure2.1(a), the requirements of applicability agreed in the RAN4-NR-AH#3 can be applied. However, figure2.1(b) is different situation. For example, 1st and 3rd SS blocks correspond to intra-frequency measurement without MG. 2nd and 4th SS blocks correspond to intra-frequency measurement with MG depending on the UE’s capability as mentioned above. For this case, it should be defined which is applied between intra-frequency measurement without MG and intra-frequency measurement with MG. 
Figure2.2 shows some options for this case. If it is defined with intra-frequency measurement with MG, the number of measured SS block and the number of decoding serving cell’s data can be different according to 3 different MG options. If it is defined with intra-frequency measurement without MG, the number of measured SS block of neighboring cell is same as that of serving cell.
· Intra-frequency measurement with MG
· Option1 : same as existing MGL
· Option2 : each MGL is aligned with each SS block of neighboring cell which is collided with non-SS RE of serving cell including implementation margin.  Total MGL is smaller than existing MGL.

· Option3 : MGL starts from first SS block of neighboring cell which is collided with non-SS RE of serving cell and end to last SS block of neighboring cell which is collided with non-SS RE of serving cell. Total MGL is smaller than existing MGL.
· Intra-frequency measurement without MG

· Option4 : No MG. 
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Figure2.2. Example of Mixed numerology in SSB

Table 2.1 shows the number of measured SS block and the number of decoding serving cell’s data with example of figure2.2 according to 4 different options.

Table 2.1. Number of measured SS block and the number of decoding serving cell’s data
	During existing MGL of 6ms

(L=4, SSBBitMap_serving cell ={1010},

SSBBitMap_neighboring cell ={1111}, 

# of serving cell’s data = 10, 

consider implementation margin in MGL}
	Intra-frequency measurement with MG
	Intra-frequency measurement without MG

	
	Option1
	Option2
	Option3
	Option4

	# of measured SS blocks for serving cell
	2
	2
	2
	2

	# of measured SS blocks for neighboring cell
	4
	4
	4
	2

	# of decoding serving cell’s data
	0
	3(#1,#6,#7)
	1(#1)
	10(#1~#10)


From the table 2.1, if intra-frequency measurement with MG, option2 is recommended in aspects of # of measured SS blocks for neighboring cell and the number of decoding serving cell’s data. And, if intra-frequency measurement without MG, the number of measured SS block of neighboring cell is same as that of serving cell and the number of decoding serving cell’s data is not missed. 

· Proposal 3: In case that a mixed numerology occurs by colliding with different SCS of non-SS RE in serving cell within one SS block burst, it should be defined which is applied between intra-frequency measurement without MG and intra-frequency measurement with MG.
· Proposal 4: In case that a mixed numerology occurs by colliding with different SCS of non-SS RE in serving cell within one SS block burst, if it is defined with intra-frequency measurement with MG, shorter MGL can be applied regarding each SS block of neighboring cell which collides with non-SS of different SCS for serving cell. 
· Proposal 5: In case that a mixed numerology occurs by colliding with different SCS of non-SS RE in serving cell within one SS block burst, if it is defined with intra-frequency measurement without MG, UE does not perform the measurement for SS block of neighboring cell which collides with non-SS of different SCS for serving cell. 
3 Conclusion
In this paper, we analysed MG and applicability by a mixed numerology which is configured as that SCS of target cell SSB and collided serving cell non-SSB RE are different with 2 different cases. One case is for configuration of neighboring cell such as different SS burst periodicity from serving cell, same bit map of SS blocks of serving cell and different SCS of non-SS RE. The other case is for configuration of neighboring cell such as same SS burst periodicity of serving cell, different bit map of SS blocks within one SS burst duration from serving cell and different SCS of non-SS RE. 

Based on the analysis, we propose as follows.

· Proposal 1: If additional signaling is not specified which is related to UE capability for decoding serving cell’s data and measurement of neighboring cell simultaneously, measurement gap is needed if SCS of target cell SSB and collided serving cell non-SSB RE are different.
· Proposal 2: If additional signaling is specified which is related to UE capability for decoding serving cell’s data and measurement of neighboring cell simultaneously, measurement gap is not needed even though SCS of target cell SSB and collided serving cell non-SSB RE are different.
· Proposal 3: In case that a mixed numerology occurs by colliding with different SCS of non-SS RE in serving cell within one SS block burst, it should be defined which is applied between intra-frequency measurement without MG and intra-frequency measurement with MG.
· Proposal 4: In case that a mixed numerology occurs by colliding with different SCS of non-SS RE in serving cell within one SS block burst, if it is defined with intra-frequency measurement with MG, shorter MGL can be applied regarding each SS block of neighboring cell which collides with non-SS of different SCS for serving cell. 
· Proposal 5: In case that a mixed numerology occurs by colliding with different SCS of non-SS RE in serving cell within one SS block burst, if it is defined with intra-frequency measurement without MG, UE does not perform the measurement for SS block of neighboring cell which collides with non-SS of different SCS for serving cell. 
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