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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#91, a set of working assumptions on RMSI configurations were achieved [1]. In this contribution, we discuss some remaining issues related to RMSI. 

Discussion
[bookmark: _Ref129681832]Correction on RMSI CORESET configuration
[bookmark: OLE_LINK39]Correction on multiplexing pattern 2
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]For multiplexing pattern 2, the starting symbol index for RMSI CORESET occurs in different OFDM symbols than the SSB symbols in the same slot or one slot before. According to this working assumption, the available symbols with RMSI numerology is very limited especially for the combination {SSB SCS, RMSI SCS} = {120, 60} kHz and {SSB SCS, RMSI SCS} = {240, 120} kHz.  In these cases, when the number of symbols for RMSI CORESET is 2, RMSI CORESET and other non-associated SSB, or RMSI CORESETs associated with adjacent SSBs will be overlapped. An example can be found in Figure 1, the RMSI CORESETs for SSB 4k and 4k+1 are fully overlapped.  And the two CORESETs associated with different SSBs may be directed to different analog beams. Thereby, simultaneous transmission for the two CORESETs is not allowed, resource collision occurs in this case.   
[image: ]
[bookmark: _Ref506210474]     Figure 1. An example of resource overlapping between different RMSI CORESETs
To avoid the potential collision between RMSI CORESET and SSB in multiplexing pattern 2, the following options were discussed at last meeting. 
· 
Option 1: Remove the configurations with =2 in Table 13-7 and Table 13-10 of TS 38.213
· 
[bookmark: OLE_LINK49][bookmark: OLE_LINK51][bookmark: OLE_LINK32]Option 2: Keep the configurations with =2 in Table 13-7 and Table 13-10 of TS 38.213.  It will be up to the network’s implementation on how to avoid the collision. From UE’s perspective, it is assumed no collision between an SSB and the RMSI CORESET of a CD-SSB

· Option 3: NR should support RMSI CORESETs for two continuous SS/PBCH blocks overlapping with each other
Option 1 is straightforward and simple, while configuration flexibility is lost more or less. Option 2 leaves the collision avoidance to network’s implementation. Option 3 allows direct overlap between RMSI CORESETs for two continuous SSBs. Option 2 and option 3 are essentially similar, i.e. network can schedule only one transmission, either of two overlapped signals. From UE side, it can assume no collision between an SSB and the RMSI CORESET of a CD-SSB. For option 2 and option 3, the control flexibility is left to network and is beneficial from network perspective. 
[bookmark: _GoBack]Based on the previous agreements, UE shall not assume quasi co-location with respect to spatial Rx parameter for different SSBs in Rel-15. SSB and RMSI CORESET associated with another SSB will be not QCLed, and the like for RMSI CORESETs associated with different SSBs. For option 2 and option 3, the potential issue is that UE does not know actual transmission signal in a time instance, thereby UE cannot prepare Rx spatial parameter ahead of time.  An example can be found in Figure 2, RMSI CORESET with SSB#1 is associated with QCL assumption 1 (direct to analog beam 1) and SSB#0 is associated with QCL assumption 2(direct to analog beam 2). When SSB#0 is overlapped with RMSI CORESET #1, UE does not know how to prepare the Rx spatial parameters. 

[image: ]
[bookmark: _Ref506211281]Figure 2. Illustration of vague QCL assumption 
In order to solve this problem, the following enhancements can be further considered. 
Alt.1:  Specify UE’s assumption on RMSI CORESET monitor (e.g. when UE should monitor RMSI CORESET) for option 3

[bookmark: OLE_LINK54][bookmark: OLE_LINK56][bookmark: OLE_LINK71][bookmark: OLE_LINK72]Alt.2:  Keep the configurations with = 2 in Table 13-7 and Table 13-10, simultaneously add new first symbol index entries in Table 13-13 and Table 13-14 of TS 38.213 for option 2
[bookmark: OLE_LINK109][bookmark: OLE_LINK110][bookmark: OLE_LINK111]For Alt.1 (i.e. Enhanced option 3), a default QCL assumption on overlapped resource is specified, e.g. the 1st QCL assumption is used for odd slot(s) and the 2nd QCL assumption is used for even slot(s). Thereby UE can prepare Rx spatial parameter in advance. While the drawback is that some CORESETs can’t be transmitted in time. 


[bookmark: OLE_LINK69][bookmark: OLE_LINK70]For Alt.2 (i.e. Enhanced option 2), more available symbols except for OFDM symbols in Table 13-13 and Table 13-14 are applied for RMSI CORESETs. Part of RMSI CORESETs keep configuration with = 2 and remaining RMSI CORESETs adopt configuration with = 1. The benefit of Alt.2 is that all RMSI CORESETs can be transmitted in time and there is no overlapping between each other in one slot. 


[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK59][bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK68][bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK75]Take an example for {SSB SCS, RMSI SCS} = {120, 60} kHz, half of RMSI CORESETs associated with the first half of SSBs keep the configuration with = 2   and the second half of  RMSI CORESETs associated with the second half of SSBs keep the configuration with = 1.  Total 6 available symbols {0, 1, 6, 7, 12, 13} are used for 4 RMSI CORESETs in one RMSI slot. 
For {SSB SCS, RMSI SCS} = {240, 120} kHz, total 12 available symbols in two continuous RMSI slots can be used for 8 RMSI CORESETs, {0, 1, 2, 3, 12, 13} in the 1st  slot and {0, 1, 10, 11, 12, 13} in the 2nd slot. 
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In detail, the mapping between SSB and RMSI CORESET for {SSB SCS, RMSI SCS} = {120, 60} kHz and {SSB SCS, RMSI SCS} = {240, 120} kHz can be found in Figure 3.             

[image: ]
[bookmark: _Ref506211574]                         Figure 3. New configuration of RMSI CORESET and associated SSB
In order to support Alt.2, new additional configuration entries for the first symbol index of RMSI CORESET need to be added in Table 13-13 and Table 13-14. An example of possible text proposals for this approach can be found in Appendix-1.      

Observation 1: To allow overlapping RMSI CORESETs in Pattern 2, UE Rx spatial operations need to be addressed.  Adding new first symbol index entries into Table 13-13 and Table 13-14 of TS 38.213 (for Option 2) or specifying UE’s assumption on RMSI CORESET monitoring (for Option 3) can be for further considerations.
Modulation scheme for RMSI
For the common downlink message in PDSCH, e.g. RMSI, broadcast OSI, paging, RACH response, the modulation scheme should be limited. In NR downlink the modulation scheme can be {QPSK, 16QAM, 64QAM, 256QAM}, while considering the coverage of the common downlink message, not all higher modulation scheme can be used. Actually, the working SINR for the cell edge may be low to about -6dB. Hence like LTE, at this case, only QPSK can be used. We think this principle is also applied to NR. 
Observation 2:  For the common downlink message in PDSCH, e.g. RMSI, broadcast OSI, paging, RACH response, the modulation scheme should be limited to consider the cell edge coverage requirement.
Proposal 1:  For the common downlink message in PDSCH, e.g. RMSI, broadcast OSI, paging, RACH response, only QPSK can be used. 
To amend this issue, the related Text Proposal is in the Appendix A-2 for TS38.214. 

Conclusion
In this contribution, we discuss the RMSI periodicity configuration. The following observations and proposals are made: 
Observation 1: To allow overlapping RMSI CORESETs in Pattern 2, UE Rx spatial operations need to be addressed. Adding new first symbol index entries into Table 13-13 and Table 13-14 of TS 38.213 (for Option 2) or specifying UE’s assumption on RMSI CORESET monitoring (for Option 3) can be for further considerations.
Observation 2:  For the common downlink message in PDSCH, e.g. RMSI, broadcast OSI, paging, RACH response, the modulation scheme should be limited to consider the cell edge coverage requirement.
Proposal 1:  For the common downlink message in PDSCH, e.g. RMSI, broadcast OSI, paging, RACH response, only QPSK can be used. 
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[bookmark: OLE_LINK40][bookmark: OLE_LINK41]Appendix
[bookmark: _Ref500334477][bookmark: _Toc501054906]Appendix A-1

---------------------------------------------- Start of Text Proposal ------------------------------------------
13	UE procedure for monitoring Type0-PDCCH common search space 




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 and determines PDCCH monitoring occasions from the second four bits of RMSI-PDCCH-Config as described in Tables 13-9 through 13-13 where  and  are the SFN and slot of the control resource set, and  are the SFN and slot of the SS/PBCH block, respectively.   
[bookmark: OLE_LINK64][bookmark: OLE_LINK65]-------------------------------------------- Unchanged parts omitted ----------------------------------------
Table 13-13: PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing pattern 2 and {SS/PBCH block, PDCCH} subcarrier spacing {120, 60} kHz 
	Index
	PDCCH monitoring occasions (SFN and slot number)
	[bookmark: OLE_LINK12][bookmark: OLE_LINK13]First symbol index
(k = 0, 1, … 15)

	0
	


 
	0, 1, 6, 7 for




, , , 

	1
	


 
	0, 6, 12, 13 for




, , , 

	2
	Reserved

	3
	Reserved

	4
	Reserved

	5
	Reserved

	6
	Reserved

	7
	Reserved

	8
	Reserved

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



Table 13-14: PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing pattern 2 and {SS/PBCH block, PDCCH} subcarrier spacing {240, 120} kHz 


	Index
	PDCCH monitoring occasions (SFN and slot number)
	First symbol index
(k = 0, 1, …, 7)

	0
	



 or 
	






0, 1, 2, 3, 0, 1 in , , , , ,   ()



12, 13 in, , ,  ()

	1
	


 or
  =   

	







0,  2, 12, 10, 11, 12, 13  in , , , , , ,  ()

0 in  ( =  )

	2
	Reserved

	3
	Reserved

	4
	Reserved

	5
	Reserved

	6
	Reserved

	7
	Reserved

	8
	Reserved

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



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


---------------------------------------------- Start of Text Proposal ------------------------------------------
Appendix A-2
[bookmark: _Toc501048166]5.1.3.1	Modulation order and target code rate determination



The UE shall use = 2 if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI, otherwise, the UE shall useand Table 5.1.3.1-1 to determine the modulation order () used in the physical downlink shared channel.
For the PDSCH assigned by a PDCCH with DCI format 1_0/1_1 with CRC scrambled by C-RNTI,
[bookmark: _Hlk497815485]if the higher layer parameter MCS-Table-PDSCH is not set to ‘256QAM’, 
-	the UE shall use IMCS and Table 5.1.3.1-1 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel.
else
-	the UE shall use IMCS and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel.
-------------------------------------------- Unchanged parts omitted -----------------------------------------
----------------------------------------------- End of Text Proposal ------------------------------------------
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