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1 Introduction
This contribution discusses the following corrections and remaining issues on RMSI:
· Maximum payload size for RMSI 
· Remaining collision issue for Multiplexing Pattern 2
· Remaining issue on supporting 10 MHz min carrier BW with 15 kHz SS SCS 
2 Maximum Payload Size for RMSI
In response to RAN1 view on the maximum TBS for PDSCH containing RMSI/OSI/Paging (numerous companies proposed 3000 bits) [1], RAN2 provided their estimation of 1700 bits for the maximum size of RMSI while asking for feedback on following [2]: 
	Actions to RAN1:
RAN2 respectfully asks RAN1 to provide feedback on:
1. Whether NR can support approximately 1700 bits RMSI in one TB in all cases.
2. If necessary, whether L1 parameters size in RMSI can be reduced.


We have examined the achievable code rate taking into account PDSCH mapping type A/B and PDSCH resource allocation in time/frequency. The UE procedure when receiving PDSCH scheduled by PDCCH with CRC scrambled by SI-RNTI, RA-RNTI, P-RNTI or TC-RNTI, or receiving PDSCH before dedicated higher layer configuration is excerpted in Annex A for the convenience.
Table 1 shows the code rates assuming that max TBS is 1700 bits (as per RAN2 estimation for RMSI) and full occupancy of initial active BWP for PDSCH. As shown in the table, a few case results in very high code rates (even more than one!). Note that PBCH code rate is 0.065 (one-shot transmission) and 0.016 (four-time transmissions) (TBS = 56 bits, QPSK, 432 REs/SSB). The additional analysis for OSI is provided in [3].
[bookmark: _GoBack]Observation: For RMSI, assuming max TBS of 1700 bits (as per RAN2 estimation) and full occupancy of initial active BWP for PDSCH, a few case results in very high code rates which would result in performance degradation.
Table 1. PDSCH code rate (TBS = 1700 bits, QPSK)
	　
	PDSCH mapping type A
	PDSCH mapping type B

	PDSCH duration in symbols
	Maximum number of scheduled RBs
	Maximum number of scheduled RBs

	
	24
	48
	96
	24
	48
	96

	2
	-
	-
	-
	1.968
	0.984
	0.492

	3
	1.476
	0.738
	0.369
	-
	-
	-

	4
	0.984
	0.492
	0.246
	0.984
	0.492
	0.246

	5
	0.738
	0.369
	0.184
	-
	-
	-

	6
	0.590
	0.295
	0.148
	-
	-
	-

	7
	0.492
	0.246
	0.123
	0.492*
	0.246*
	0.123*

	8
	0.422*
	0.211*
	0.105*
	-
	-
	-

	9
	0.422
	0.211
	0.105
	-
	-
	-

	10
	0.422
	0.211
	0.105
	-
	-
	-

	11
	0.369
	0.184
	0.092
	-
	-
	-

	12
	0.328
	0.164
	0.082
	-
	-
	-

	13
	0.295
	0.148
	0.074
	-
	-
	-

	14
	0.268
	0.134
	0.067
	-
	-
	-


* One additional single-symbol DMRS can be assumed, which result in higher code rate
3 Remaining Collision Issue for Multiplexing Pattern 2
In RAN1 #92 [4], the collision issue for multiplexing pattern 2 with {SSB SCS, PDCCH SCS} = {120, 60} kHz was resolved by removing all the configurations with the number of CORESET symbols as 2. 
The remaining collision issue for multiplexing pattern 2 is for {SSB SCS, PDCCH SCS} = {240, 120} kHz, wherein the following three options of potential solutions were discussed:
· Option 1: Remove the configurations with the number of CORESET symbols as 2; 
· Option 2: Support overlapping CORESETs of two neighboring SS/PBCH blocks for the number of CORESET symbols as 2;
· Option 3: Support overlapping CORESETs of two neighboring SS/PBCH blocks for the number of CORESET symbols as 2, and limit the transmission of SS/PBCH blocks at the same time.
All the above options can resolve the collision issue. As long as the search space design within the CORESET does not depend on the SS/PBCH block index, Option 2 and Option 3 do not have much impact on UE complexity for monitoring the PDCCH occasions. However, there is no need to limit the transmission opportunity of SS/PBCH blocks in the spec, and network can configure the actually transmitted SS/PBCH blocks if needed. Hence, both Option 1 and Option 2 can resolve the collision issue without much difference on the UE’s impact. 
Proposal 1: For collision issue for pattern 2 with {SSB SCS, PDCCH SCS} = {240, 120} kHz, either Option 1 or Option 2 can be supported to resolve the collision issue, and there is no need to limit the transmission of SS/PBCH blocks as in Option 3.
4 Remaining Issue on Supporting 10 MHz Min Carrier BW with 15 kHz SS SCS 
In RAN4 #86 [5], the following agreement regarding the SCS of SS/PBCH block and SS raster was made: 
Agreement: 
For Band 41 SCS
· Specification is unchanged at this time. A LS can be sent to RAN1 to change the design to accommodate the RAN4 decision
· RAN4 also agreed that no further default SCS for SSB is added in future meetings for Rel-15 bands.
Step size
· For sync raster step size, a conservative approach of <3> for band n41 and <16>for band <n79> is chosen, giving some guard band for SSB at band edges.










Up to now, RAN1 has not supported SS raster size larger than 900 kHz when SS/PBCH block SCS is 15 kHz, and solution should be made to support operators’ implementation requirement for band n41, where the minimum channel bandwidth is 10 MHz. 
First of all, one related discussion for band n41 in the RAN #79 [6] is on revising the channel raster and SS raster design for n41, such that it is aligned with other LTE refarming bands <2.65 GHz. After revising, the step size of cluster of SS rasters would be 900 kHz, wherein each cluster is with a raster shift to be determined from 70 to 100 kHz in the next RAN4 meeting. If this is indeed the request from the operators to address their implementation issue, we think this proposal should be supported. 
Actually, other than the request from operators, there is another motivation to revise the SS raster design. In RAN4 #86 [5] [7], the following working agreements on SS raster shift were made. 
Working Agreements:
· SS raster is revised according to Option 1:
· Large shift is used for the SS raster in re-farming bands in the range of 70 – 100 kHz.
· No RMSI signaling is defined for the shift.
· Companies are encouraged to study and contribute on the details of the large raster shift.
· Detailed decision on the exact shift is made at RAN4#86bis. 






  
Since bands n7/n38 and band n41 are overlapping, and the SS rasters are defined in a different way in the n7/n38 and n41, the minimum distance of the SS rasters may not be large enough. Table 2 shows the relationship between the minimum distance of SS rasters and the associated raster shift value, and it can be observed that the minimum distance cannot be guaranteed large enough for resisting initial CFO no matter what raster shift value is selected between 70 kHz to 100 kHz. UE is still suffering from the ambiguity of SS rasters on the overlapping bandwidth with two types of SS raster design in the initial cell search. Hence, revising the SS raster design for band n41 to avoid the overlapping bandwidth with two types of SS raster design should be supported, and this can resolve all potential issue with the non-alignment of SS rasters on the overlapping bandwidth in the future.  
Table 2. Minimum distance of SS rasters according to raster shift values
	Raster shift (kHz)
	min distance of SS rasters (kHz)

	70
	10

	75
	15

	80
	20

	85
	25

	90
	30

	95
	25

	100
	20



Then, after the revision of SS raster for band n41, we propose to change the down-selection factor for the step size from 3 to 1 for band n41 (i.e., no down-selection for SS SCS = 15 kHz from SS SCS = 30 kHz), such that the CORESET configuration tables for {min CH BW, SSB SCS} = {5 MHz, 15 kHz} can be reused for {min CH BW, SSB SCS} = {10 MHz, 15 kHz}, since the SS raster definition is the same for the two combinations. Some discussion on the impact of the changing of the down-selection factor is as follows, where two alternatives of using down-selection factor values as 3 and 1 are compared: 
· Alt 1: down-selection factor is 3 for SS SCS = 15 kHz comparing to SS SCS = 30 kHz 
· New CORESET configuration tables for {min CH BW, SS SCS} = {10 MHz, 15 kHz} are required;
· For the down-selected SS rasters in the overlapping bandwidth between band n41 and bands n7/n38, UE may need to blind detect from the two CORESET configuration tables (e.g. one for 5 MHz min CH BW and the other for 10 MHz CH BW).
· Alt 2: down-selection factor if 1 for SS SCS = 15 kHz comparing to SS SCS = 30 kHz
· Reuse the CORESET configuration tables for {min CH BW, SS SCS} = {5 MHz, 15 kHz} for band n41; 
· UE does not need to blind detect CORESET configuration tables (since there is only one unified table) for any SS raster;
· The number of SS raster points in non-overlapping bandwidth may increase.
From the discussion above, we observe that although the number of SS raster points is increase by reducing the down-selection factor, the overall UE complexity may not increase accordingly. Actually, the UE complexity can be reduced for the overlapping bandwidth by avoiding blind detection of multiple CORESET configuration tables. To this end, Alt 2 is more preferable from our perspective, and it has minimum RAN1 spec impact with good future compatibility. It can be expected that there will be more and more overlapping bandwidth in the future, and keeping adding new configuration tables may only lead to further overhead for UE complexity, which should be essentially avoided. 
Proposal 2:
· Send an LS to RAN4 to ask the possibility of revising the SS rasters of band n41 to be the same as the raster <2.65 GHz, and revising the step size of SS rasters from 3 to 1 for band n41.
· Adopt the following TP in session 13 of TS 38.213
========================= Begin of Text Proposal for Section 13 in TS38.213 =======================
===================================== Text Omitted ======================================
Table 13-1: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {15, 15} kHz with minimum channel bandwidth 5 MHz or 10 MHz
	Index
	SS/PBCH block and control resource set multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1 
	24 
	2 
	0 

	1
	1 
	24 
	2 
	2 

	2
	1 
	24 
	2 
	4 

	3
	1 
	24 
	3 
	0 

	4
	1 
	24 
	3 
	2 

	5
	1 
	24 
	3 
	4 

	6
	1 
	48 
	1 
	12 

	7
	1 
	48 
	1 
	16 

	8
	1 
	48 
	2 
	12 

	9
	1 
	48 
	2 
	16 

	10
	1 
	48 
	3 
	12 

	11
	1 
	48 
	3 
	16 

	12
	1 
	96 
	1 
	38 

	13
	1 
	96 
	2 
	38 

	14
	1 
	96 
	3 
	38 

	15
	Reserved



Table 13-2: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {15, 30} kHz with minimum channel bandwidth 5 MHz or 10 MHz
	Index
	SS/PBCH block and control resource set multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1
	24
	2
	6

	1
	1
	24
	2
	7

	2
	1
	24
	2
	8

	3
	1
	24
	3
	6

	4
	1
	24
	3
	7

	5
	1
	24
	3
	8

	6
	1
	48
	1
	18

	7
	1
	48
	1
	20

	8
	1
	48
	2
	18

	9
	1
	48
	2
	20

	10
	1
	48
	3
	18

	11
	1
	48
	3
	20

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



========================== End of Text Proposal for Section 13 in TS38.213 =======================
5 Conclusion
The proposals made in this contribution are summarized below:
Observation: For RMSI, assuming max TBS of 1700 bits (as per RAN2 estimation) and full occupancy of initial active BWP for PDSCH, a few case results in very high code rates which would result in performance degradation.
Proposal 1: For collision issue for pattern 2 with {SSB SCS, PDCCH SCS} = {240, 120} kHz, either Option 1 or Option 2 can be supported to resolve the collision issue, and there is no need to limit the transmission of SS/PBCH blocks as in Option 3.
Proposal 2:
· Send an LS to RAN4 to ask the possibility of revising the SS rasters of band n41 to be the same as the raster <2.65 GHz, and revising the step size of SS rasters from 3 to 1 for band n41.
· Adopt the following TP in session 13 of TS 38.213
========================= Begin of Text Proposal for Section 13 in TS38.213 =======================
===================================== Text Omitted ======================================
Table 13-1: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {15, 15} kHz with minimum channel bandwidth 5 MHz or 10 MHz
	Index
	SS/PBCH block and control resource set multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1 
	24 
	2 
	0 

	1
	1 
	24 
	2 
	2 

	2
	1 
	24 
	2 
	4 

	3
	1 
	24 
	3 
	0 

	4
	1 
	24 
	3 
	2 

	5
	1 
	24 
	3 
	4 

	6
	1 
	48 
	1 
	12 

	7
	1 
	48 
	1 
	16 

	8
	1 
	48 
	2 
	12 

	9
	1 
	48 
	2 
	16 

	10
	1 
	48 
	3 
	12 

	11
	1 
	48 
	3 
	16 

	12
	1 
	96 
	1 
	38 

	13
	1 
	96 
	2 
	38 

	14
	1 
	96 
	3 
	38 

	15
	Reserved



Table 13-2: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {15, 30} kHz with minimum channel bandwidth 5 MHz or 10 MHz
	Index
	SS/PBCH block and control resource set multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1
	24
	2
	6

	1
	1
	24
	2
	7

	2
	1
	24
	2
	8

	3
	1
	24
	3
	6

	4
	1
	24
	3
	7

	5
	1
	24
	3
	8

	6
	1
	48
	1
	18

	7
	1
	48
	1
	20

	8
	1
	48
	2
	18

	9
	1
	48
	2
	20

	10
	1
	48
	3
	18

	11
	1
	48
	3
	20

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



========================== End of Text Proposal for Section 13 in TS38.213 =======================
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Annex A: TS38.214
	[bookmark: _Toc501048176]5.1.6.2	DM-RS reception procedure
[bookmark: _Hlk505765561]When receiving PDSCH scheduled by PDCCH with CRC scrambled by SI-RNTI, RA-RNTI, P-RNTI or TC-RNTI, or receiving PDSCH before dedicated higher layer configuration of any of the parameters dmrs-AdditionalPosition, DL-DMRS-max-len and dmrs-Type, the UE shall assume that the PDSCH is not present in any symbol carrying DM-RS except for PDSCH with allocation duration of 2 symbols with PDSCH mapping type B (described in subclause 7.4.1.1.2 of [4, TS 38.211]), and a single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 1000 is transmitted, and that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE and in addition
-	For PDSCH with mapping type A, the UE shall assume dmrs-AdditionalPosition=2 and up to two additional single-symbol DM-RS present in a slot according to the PDSCH duration indicated in the DCI as defined in Subclause 7.4.1.1 of [4, TS 38.211], and
-	For PDSCH with allocation duration of 7 symbols with mapping type B, the UE shall assume one additional single-symbol DM-RS present in the 5th or 6th symbol when the front-loaded DM-RS symbol is in the 1st or 2nd symbol respectively of the PDSCH allocation duration, otherwise the UE shall assume that the additional DM-RS symbol is not present, and
-	For PDSCH with allocation duration of 4 symbols with mapping type B, the UE shall assume that no additional DM-RS are present, and 
-	For PDSCH with allocation duration of 2 symbols with mapping type B, the UE shall assume that no additional DM-RS are present, and the UE shall assume that the PDSCH is present in the symbol carrying DM-RS 
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