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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#92bis, a set of working assumptions on RMSI configurations were achieved [1]. In this contribution, we discuss the remaining issues related to RMSI. 
Discussion
[bookmark: _Ref129681832]RMSI CORESET configurations for {SSB SCS 15 kHz, minimum channel bandwidth 10MHz} 
In RAN4, it was agreed on supporting {SSB SCS, minimum channel bandwidth} = {15 kHz, 10 MHz}.  Currently, this is only applicable to band n41. In addition, band n41 and other overlapping bands, e.g. band n38 have different SS raster definition which may introduce potential detection ambiguity of the GSCN. In RAN1#92bis meeting, the following 4 options were investigated and a corresponding LS was sent to RAN4 to check their feasibility [3]: 
· [bookmark: OLE_LINK194][bookmark: OLE_LINK195][bookmark: OLE_LINK39]Option 1: 
[bookmark: OLE_LINK64][bookmark: OLE_LINK65][bookmark: OLE_LINK53][bookmark: OLE_LINK54]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};
· [bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK58][bookmark: OLE_LINK59]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.
· Option 2: 
[bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK60][bookmark: OLE_LINK61]Reuse the RMSI CORESET configurations in Table 13-1 and Table 13-2 in TS 38.213, to support {SSB SCS, minimum channel bandwidth} = {15 kHz, 10 MHz} with the change of the SS Raster definition for {SSB SCS, minimum channel bandwidth} = {15 kHz, 10 MHz} to be the same as that defined for {SSB SCS, minimum channel bandwidth} = {15 kHz, 5 MHz};
· 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}. 
· Option 4:  Use five bits from MIB to define RMSI CORSET configuration tables for band n41.

[bookmark: OLE_LINK50][bookmark: OLE_LINK51]Based on the latest SS raster definition in RAN4 [4], for band n38, the SS Block frequency position SSREF is determined by N * 1200 kHz + M * 50 kHz, N=1:2499, M ϵ {1, 3, 5}, step size = 1, and for band n41, the SS Block frequency position SSREF is determined by N * 1200 kHz + M * 50 kHz, N=1:2499, M =3, step size = 9. As the SS raster definition for band n41 is the same as that defined for band n38, there is no ambiguity when these two bands overlap.
In order to minimize the spec impact on the configurations defined for {SSB SCS, minimum channel bandwidth} = {15 kHz, 5 MHz}, based on the above analysis, our preference is reusing the RMSI CORESET configurations in Table 13-1 and Table 13-2 in TS 38.213[2] to simultaneously support {SSB SCS, minimum channel bandwidth} = {15 kHz, 5 MHz} and {SSB SCS, minimum channel bandwidth} = {15 kHz, 10 MHz} (i.e. option 1). This also provides future extendibility by reusing the same tables for future bands that overlaps with band n38 and n41. Note that RAN4 would need to ensure the use of same raster or raster less than the existing supported raster.
[bookmark: OLE_LINK62][bookmark: OLE_LINK63]Proposal 1:  For {SSB SCS, minimum channel bandwidth} = {15 kHz, 10 MHz}, modify table 13-1 and table 13-2 to simultaneously support band n41 and other overlapping bands.
According to the new defined SS raster for n41, current configurations in Table 13-1 and Table 13-2 are not sufficient to be used to indicate the frequency offset of RMSI CORSET for all possible 10MHz system in band n41, thereby they can’t be directly reused. New additional CORESET configurations for band n41 are necessary. 
For the case of 48 RBs for RMSI CORSET in Table 13-1, each RMSI CORSET offset can be applied to five 10MHz channel locations to SSB with RB-level granularity shift (i.e. 52-48+1=5 RBs). As the step size of SS raster is defined as 20RBs with 15 kHz, totally 20/5=4 RMSI CORSET offset values are required for band n41 for 48RBs cases. Considering to place SSB to be closer to the center of RMSI CORSET, we prefer to set the RMSI CORSET offsets to be {22, 17, 12, 7} RBs.
For the case of 96 RBs for RMSI CORSET in Table 13-1, each RMSI CORSET offset can be applied to eleven 20MHz channel locations to SSB with RB-level granularity shift (i.e. 106-96+1=11 RBs). As the step size of SS raster is defined as 20RBs with 15 kHz, totally 20/11=2 RMSI CORSET offset values are required for band n41 for 48RBs cases. Considering to place SSB to be closer to the center of RMSI CORSET, we prefer to set the RMSI CORSET offsets to be {43, 33} RBs.
For the case of 24 RBs for RMSI CORSET in Table 13-2, each RMSI CORSET offset can be applied to only one 10MHz channel locations to SSB with RB-level granularity shift (i.e. 24-24+1=1 RBs). As the step size of SS raster is defined as 10RBs with 30 kHz, totally 10/1=10 RMSI CORSET offset values are required for band n41 for 24RBs cases. Considering to place SSB to be closer to the center of RMSI CORSET, we prefer to set the RMSI CORSET offsets to be {2, 3, 4, 5, 6, 7, 8, 9, 10, 11} RBs.
For the case of 48 RBs for RMSI CORSET in Table 13-2, each RMSI CORSET offset can be applied to eleven 20MHz channel locations to SSB with RB-level granularity shift (i.e. 51-48+1=4 RBs). As the step size of SS raster is defined as 10RBs with 30 kHz, totally 10/4=3 RMSI CORSET offset values are required for band n41 for 48RBs cases. Considering to place SSB to be closer to the center of RMSI CORSET, we prefer to set the RMSI CORSET offsets to be {15, 19, 23} RBs.
Proposal 2:  Adopt the TP in Annex A for 38.213. 

[bookmark: OLE_LINK9][bookmark: OLE_LINK14]RV for broadcast PDSCH
[bookmark: OLE_LINK229][bookmark: OLE_LINK230][bookmark: OLE_LINK231]At last meeting, RMSI size of approximately 1700 bits in one TB for both FR1 and FR2 had been agreed. When the periodicity of RMSI is less than RMSI TTI, more than one redundant version can be applied for RMSI. One TB with 1700 bits can be split into several versions and UE can combine multiple RMSIs in different transmission time. Thereby, even for pattern 3, 1700 bits RMSI can be achieved by configuring RMSI of smaller periodicity. 
[bookmark: OLE_LINK216][bookmark: OLE_LINK217]In LTE, the description of redundancy transmission of SystemInformationBlockType1 (SIB1) message is given in TS 36.321 where the redundancy version of the received downlink assignment for this TTI is determined by RVK = ceiling (3/2*k) modulo 4, where k = (System frame number/2) modulo 4. In other words, SIB1 TTI is 80ms and 4 RVs with 20ms periodicity in the order of {0, 2, 3, 1} are transmitted in one SIB1 TTI. In NR, the default RV order for any predefined RV cases can reuse the order of {0, 2, 3, 1} as well i.e. RVK = ceiling (3/2*k) modulo 4 where the value k should depends on its periodicity. 
Given the supported RMSI periodicities values of 5ms, 10ms, 20ms, 40ms, 80ms and 160ms and also the fact that prior to receiving the RMSI messages UE may not know the RMSI periodicity, a default periodicity for the soft combining should be adopted. In the following, k a function of 20 ms and 40 ms are compared. 
Figure 1(a) illustrates the case of k being function of 20ms periodicity (as in LTE) and RMSI can be sent in any frame in its periodicity. For 5ms, 10ms and 20ms periodicity of RMSI, there are 4 RVs and UE can get the best performance of soft combining in the RMSI TTI periodicity. However, when the RMSI periodicity is 40ms, there are only two RVs, UE cannot obtain the best soft combining performance of 4 RVs in 160ms RMSI TTI periodicity. When the RMSI periodicity is 80ms, there is only one RV within an RMSI TTI of 160ms. If k is dependent on the 10ms periodicity or 5ms periodicity, the same problem will appear for 20ms, 40ms, 80ms RMSI periodicity.
In Figure 1(b), k a function of 40ms periodicity is shown where up to 4 RVs can be obtained with RMSI periodicity of 5ms, 10ms, 20ms and 40ms, and 2 RVs for RMSI of 80ms.

[image: ]
(a) k, a function of 20ms

[image: ]
(b) k, a function of 40ms

[bookmark: _Ref513816248]Figure 1: Number of RMSI RVs with 160ms RMSI TTI 
From above comparison, k based on 40ms would results in increase number of redundancy combining compared to 20ms. 
[bookmark: OLE_LINK198][bookmark: OLE_LINK199][bookmark: OLE_LINK38][bookmark: OLE_LINK40]Proposal 3:  In NR, the redundancy version of the RMSI transmission is determined by RVk = ceiling (3/2*k) modulo 4 with k, a function of 40ms periodicity, given by k = (SFN/4) modulo 4.

Conclusion
In this contribution, we discuss the RMSI periodicity configuration. The following observations and proposals are made: 
Proposal 1: For {SSB SCS, minimum channel bandwidth} = {15 kHz, 10 MHz}, modify table 13-1 and table 13-2 to simultaneously support band n41 and other overlapping bands.
Proposal 2:  Adopt the TP in Annex A for 38.213. 
[bookmark: _GoBack]Proposal 3:  In NR, the redundancy version of the RMSI transmission is determined by RVk = ceiling (3/2*k) modulo 4 with k, a function of 40ms periodicity, given by k = (SFN/4) modulo 4.
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Annex A: TP for RMSI CORSET Configuration
---------------------------------------------- Start of Text Proposal ------------------------------------------
13. UE procedure for monitoring Type0-PDCCH common search space
-------------------------------------------- Unchanged parts omitted -----------------------------------------
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK13][bookmark: OLE_LINK15]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 for frequency bands 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 
	21 
	712 

	7
	1 
	48 
	21 
	1216 

	8
	1 
	48 
	22 
	1712 

	9
	1 
	48 
	22 
	2216 

	10
	1 
	48 
	33 
	712 

	11
	1 
	48 
	33 
	1216 

	12
	1 
	48 96 
	31 
	1738 

	13
	1 
	48 96 
	32 
	2238 

	14
	1 
	96 
	3 
	4338 

	15
	1
	96
	3
	33

	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 for frequency bands 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
	32
	26

	1
	1
	24
	32
	37

	2
	1
	24
	32
	48

	3
	1
	24
	3
	56

	4
	1
	24
	3
	67

	5
	1
	24
	3
	78

	6
	1
	2448
	31
	818

	7
	1
	2448
	31
	920

	8
	1
	2448
	32
	1018

	9
	1
	2448
	32
	1120

	10
	1
	48
	23
	1518

	11
	1
	48
	23
	1920

	12
	1
	48
	2
	23

	13
	1
	48
	3
	15

	14
	1
	48
	3
	19

	15
	1
	48
	3
	23

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



-------------------------------------------- Unchanged parts omitted -----------------------------------------
----------------------------------------------- End of Text Proposal ------------------------------------------
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