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Introduction
A LS from RAN1 was sent to RAN4 in [1] for RMSI CORESET configuration for a band with 15kHz SSB SCS and 10MHz minimum channel bandwidth with two questions:
· For the options of defining the RMSI CORESET configuration for supporting the combination of {SSB SCS, minimum channel bandwidth} = {15kHz, 10MHz}, which of the options are acceptable from RAN4’s perspective?  
· For detection ambiguity due to band overlapping with different SS raster design, will the Alt. 1 be acceptable from RAN4’s perspective?
In this contribution, we analyzed above two questions and candidate response to RAN1 supplied. 
Discussion
[bookmark: OLE_LINK6]Question 1: RMSI CORESET configuration for the combination of {SSB SCS, minimum channel bandwidth} = {15 kHz, 10 MHz}
As specified in TS38.213, a UE determines a number of consecutive resource blocks and a number of consecutive symbols for the control resource set of Type0-PDCCH common search space from the first four bits of RMSI-PDCCH-Config as described in Tables 13-1 through 13-8.
For a given RMSI CORESET BW, number of configurations on the PRB-level offset between SSB and RMSI (the fifth column in tables ,offset in RB level) can be calculated by the following equation (only showing the same SCS of SS and RMSI for simplicity):
# config = ceil[(SS raster in RB)/(CH BW in RB – CORESET BW in RB +1)]
We can observed that number of configurations of offset was pending on the combination of SS raster (minimum SS distance) and minimum CHBW under certain configurations of SCS of SS block and SCS of RMSI. With different combinations, number of configuration for the multiplex pattern of SSB and RMSI will be different.
Currently, tables specified in RAN1 for RMSI CORESET configuration support all the combinations of {SSB SCS, minimum channel bandwidth} introduced in RAN4 except the combination of {15kHz SSB +10MHz minimum CHBW}.
Four candidate solutions provided from RAN1 as I copied below:
	For the RMSI CORESET configurations, the following options were investigated, which are listed in the order of the preference from high to low from RAN1’s perspective:
· Option 1: 
Reuse the RMSI CORESET configurations in Table 13-1 and Table 13-2 in TS 38.213, which are defined for supporting {SSB SCS, minimum channel bandwidth} = {15kHz, 5MHz}, to support {SSB SCS, minimum channel bandwidth} = {15kHz, 10MHz} without changing the SS Raster definition for {SSB SCS, minimum channel bandwidth} = {15kHz, 10MHz};
· The one reserved row in the table 13-1 and four reserved rows in the table 13-2 may also be used to support the additional CORESET configurations for band n41 if necessary.
Identified drawbacks: Not all of the RMSI CORESET configurations in Table 13-1 and Table 13-2 can be used to support {SSB SCS, minimum channel bandwidth} = {15kHz, 10MHz} (see Appendix A).
· Option 2: 
Reuse the RMSI CORESET configurations in Table 13-1 and Table 13-2 in TS 38.213, to support {SSB SCS, minimum channel bandwidth} = {15kHz, 10MHz} with the change of the SS Raster definition for {SSB SCS, minimum channel bandwidth} = {15kHz, 10MHz} to be the same as that defined for {SSB SCS, minimum channel bandwidth} = {15kHz, 5MHz}
Identified drawbacks: The searching time and power consumption for the bands with the combination of {SSB SCS, minimum channel bandwidth} = {15kHz, 10MHz} will be increased.
· Option 3:
Introduce new RMSI CORESET configuration tables for band n41 by the use of four bits from PBCH, similar with the tables supporting other combinations of {SSB SCS, minimum channel BW}. 
Identified drawbacks: The number of the supported RMSI CORESET configurations may be limited due to large SS Raster interval for {SSB SCS, minimum channel bandwidth} = {15kHz, 10MHz} (see Appendix A).
· Option 4:  Use five bits from MIB to define RMSI CORSET configuration tables for band n41.
Identified drawbacks: It requires taking one extra bit from PBCH to support the RMSI CORSET configurations for band n41. 


From RAN4 perspective, only band 41 supports such combination. However considering forward compatibility issue, we need to a generic solution to support this combination.
As analyzed from RAN1 perspective, all the options have drawbacks from signaling design and flexibility of RMSI configurations. We would like to analyze the options from UE processing complexity aspect and RAN4 impact aspect. 
Option 2 required to change SS raster (minimum SS distance) for 15 kHz SSB +10MHz minimum CHBW as same as of the combination of 15 kHz SSB+5MHz minimum CHBW. Currently, in RAN4 we agreed SS raster of the combination of 15 kHz SSB+10MHz minimum CHBW (band 41) is 3 times compared to the basic SS raster (1.2MHz). For band 41, base number of step-size was 3 due to no need of SS shifts around each SS cluster since channel raster of band 41 is SCS based (15 kHz). Step-sizes are agreed 9 for 15 kHz SSB and 3 for 30 kHz SSB of band 41.
If option 2 agreed, then corresponding GSCN need to be revised for band 41 of 15 kHz SSB as below
	n41
	15kHz
	Case A
	[6246 – <39> – 67174]

	
	30 kHz
	Case C
	[6252 – <3> – 6714]


For other options, no RAN4 impacts foresee. 
From UE processing complexity aspect, option 1 has no impact since existing table can be reused and SS raster has not changed. For option 2, number of SS entries will be increased for band 41 since SS raster decreased for 15 kHz SSB case. 
Meanwhile compared to option 1 & option2, option 3 and option 4 will introduce new tables for 10 MHz + 15 kHz SSB case. Considering for overlapped frequency ranges (band7/38 and band 41), two tables will exist for 5 MHz + 15 kHz SSB and 10 MHz + 15 kHz SSB separately. This will require UE to blind detect configuration tables for RMSI CORESET on top of blind detection of candidate SS locations during initial cell search phase. This will further increase cell search time and power consumption.
For comparison, the overall number of SS entries and number of SS entries which required RMSI blind detections summarized below for band7/38 and band 41:
· If using current SS raster design, the number of searching of SSB is 165 (n7 with 15 kHz) + 114 (n38 with 15 kHz) + 155 (n41 with 30 kHz) + 22 (n41 with 15 kHz non-overlapped with n7/38) = 456, and other than the SSB detection, there is blind detection of RMSI locations for the overlapping SS raster with n7/38 as 31. 
· If using revised SS raster design, the number of searching of SSB is 165 (n7 with 15 kHz) + 114 (n38 with 15 kHz) + 155 (n41 with 30 kHz) + 61 (n41 with 15 kHz non-overlapped with n7/38) = 495, and no blind detection of RMSI locations. 
So overall, option 2 will introduce 29 new SS entries with 15 kHz SSB for band 41 under non-overlapping frequency ranges meanwhile option 3&4 require UE to blind RMSI locations for 31 SS entries of band7/38 and band 41 overlapping frequency ranges.
	Candidate options
	RAN1/RAN2 impact
	RAN4 impact
	UE complexity  processing
	Configuration flexibility

	Option 1
Reuse tables without change SS raster step size
	Modified table required
	None
	No SS entries increased
No blind detection of RMSI location required
	Impact

	Option 2
Reuse tables with change SS raster step size from 3 to 1
	None
	Required to change step size from 3 to 1 for 10MHz +15kHz SSB (band 41)
	Increased 29 SS entries for non-over lapping ranges
No blind detection of RMSI location required
	None

	Option 3
New table (4 bits)
	New table required
	None
	No SS entries increased
31 entries required for blind detection of RMSI location
	Impact

	Option 4
New table (5 bits)
	New table required
1 additional bit in PBCH
RAN2 signaling impact
	None
	No SS entries increased
31 entries required for blind detection of RMSI location
	None


As summarized in above tables, with option3 and option 4, additional operation required to blind detect the candidate RMSI locations followed by different tables under overlapping frequency ranges and which will further increase initial cell search time and UE power consumption. 
From UE processing complexity and power consumption perspective, option 1 is most optimal solution.
If the loss of configuration flexibility of option 1 is acceptable, option 1 is recommended otherwise option 2 can be recommended as a comprised solution without loss of configuration flexibility with the cost of increased SS entries.
Candidate response to RAN1 for Q1:
	RAN4 observed that for option 3 and option 4 with RMSI CORSET new configuration tables, there will be multiple tables for overlapping frequency ranges under if combinations of {SSB SCS, minimum channel bandwidth} applied for different bands {15kHz, 5MHz} i.e. band7/38 and {15kHz, 10MHz} i.e. band 41. This will require UE to blind detect the locations of RMSI CORESET followed different assumptions of configuration tables. The initial cell searching time and power consumption will be increased. 
From UE processing complexity perspective, option 1 is optimal one without any changes in RAN4. 
If the loss of configuration flexibility of option 1 is acceptable, option 1 is recommended otherwise option 2 is recommended as a comprised solution without loss of configuration flexibility with the cost of increased SS entries.



Question 2: SS location ambiguity for band7/38 and band 41 in overlapping ranges
This issue has already discussed and resolved by RAN4 in RAN4#86bis with latest RAN4 agreements for SS raster design in [2]. 
Candidate response to RAN1 for Q2:
	RAN4 has already identified and resolved this issue in RAN4#86bis with Alt1 no additional PBCH required. Detailed RAN4 agreements in RAN4#86bis were copied below for information:
Sync raster for re-farming bands:
· 1200 kHz raster with +/-100 kHz shift 
and the raster offset by 150 kHz
Sync raster in 2400 – 3000 MHz
· Same raster defined as in 0 – 2400 MHz
· For bands with SCS-based channel raster, the shifted points do not apply:
1200 kHz raster offset by 150 kHz



Conclusion
In This contribution, open issues from RAN1 LS were analysed and candidate response to RAN1 supplied. 
	· Question 1 from RAN1: For the options of defining the RMSI CORESET configuration for supporting the combination of {SSB SCS, minimum channel bandwidth} = {15kHz, 10MHz}, which of the options are acceptable from RAN4’s perspective?  
· RAN4 answers to Question 1: 
RAN4 observed that for option 3 and option 4 with RMSI CORSET new configuration tables, there will be multiple tables for overlapping frequency ranges if different combinations of {SSB SCS, minimum channel bandwidth} applied for different bands {15kHz, 5MHz} i.e. band7/38 and {15kHz, 10mHz} i.e. band 41. This will require UE to blind detect the locations of RMSI CORESET followed different assumptions of configuration tables. The initial cell searching time and power consumption will be increased if blind detection required.
From UE processing complexity perspective, option 1 is optimal one without any changes in RAN4. 
If the loss of configuration flexibility of option 1 is acceptable, option 1 is recommended otherwise option 2 is recommended as a comprised solution without loss of configuration flexibility under the cost of increased SS entries.
· Question 2 from RAN1: For detection ambiguity due to band overlapping with different SS raster design, will the Alt. 1 be acceptable from RAN4’s perspective?
· RAN4 answers to Question 2:
RAN4 has already identified and resolved this issue in RAN4#86bis with Alt.1 no additional PBCH indication required. Detailed RAN4 agreements in RAN4#86bis were copied below for information:
Sync raster for re-farming bands:
· 1200 kHz raster with +/-100 kHz shift and the raster offset by 150 kHz
Sync raster in 2400 – 3000 MHz
· Same raster defined as in 0 – 2400 MHz
· For bands with SCS-based channel raster, the shifted points do not apply: 1200 kHz raster offset by 150 kHz
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