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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#92, 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]Correction on RMSI CORESET configuration for pattern 2
[bookmark: OLE_LINK39]At last meeting, the collision issues between SSB and RMSI CORESET for multiplexing pattern 2 were extensively discussed and the following was agreed:  
Agreement:
[bookmark: OLE_LINK178][bookmark: OLE_LINK179][bookmark: OLE_LINK50][bookmark: OLE_LINK176][bookmark: OLE_LINK170][bookmark: OLE_LINK171][bookmark: OLE_LINK55][bookmark: OLE_LINK57][bookmark: OLE_LINK58][bookmark: OLE_LINK60]For {SSB SCS, PDCCH SCS} = {120, 60} kHz, Remove the configurations with [image: ]=2 in Table 13-7.

[bookmark: OLE_LINK66][bookmark: OLE_LINK187][bookmark: OLE_LINK188][bookmark: OLE_LINK185][bookmark: OLE_LINK186][bookmark: OLE_LINK183][bookmark: OLE_LINK184]For the {SSB SCS, PDCCH SCS} = {240, 120} kHz, if the configurations with [image: ]=2 in Table 13-10 are removed, the supported maximum AL for = 24 is only 4. This would limit the reception of RMSI CORESET especially for the coverage limited FR2 case. It was proposed to down-select one of the following alternatives in this meeting.
· [bookmark: OLE_LINK168][bookmark: OLE_LINK169]Alt.1: Remove the configurations with [image: ]=2 in Table 13-10.
· Alt.2: Allow RMSI CORESETs for two continuous SS/PBCH blocks overlap with each other, modify Table 13-14 to support [image: ]=2 for {SSB SCS, PDCCH SCS} = {240, 120} kHz
[bookmark: OLE_LINK173][bookmark: OLE_LINK174][bookmark: OLE_LINK175][bookmark: OLE_LINK182][bookmark: OLE_LINK180][bookmark: OLE_LINK181]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 i and RMSI CORESET associated with SSB j (j is not equal to i) will be not QCLed, and similarly for the two RMSI CORESETs respectively associated with SSB i and SSB j. For Alt.2, 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 1, RMSI CORESET #0 with SSB#1 is associated with QCL assumption 1 (direct to analog beam 1) and RMSI CORESET #1 with SSB#0 is associated with QCL assumption 2(direct to analog beam 2). When RMSI CORESET #0 is overlapped with RMSI CORESET #1, the UE Rx spatial parameters are unclear i.e. could be QCL with either SSB#0 or SSB#1. 

[bookmark: OLE_LINK243]For Alt.1, as discussed in [4], the performance of RMSI CORESET with = 24 and [image: ]=1 can be ensured by more power compensation. In detail, in order to achieve similar coverage as high AL, more power can be boosted to RMSI CORESET with low AL, e.g. up to 12 dB.  Given that Alt.1 is also aligned with the decision to remove the configuration of {SSB SCS, PDCCH SCS} = {120, 60} kHz with [image: ]= 2, Alt.1 provides consistency.  

[image: ]
Figure 1. Illustration of vague QCL assumption 
[bookmark: OLE_LINK194][bookmark: OLE_LINK195]Proposal 1:  For {SSB SCS, PDCCH SCS} = {240, 120} kHz, remove the configurations with [image: ]=2 in Table 13-10.

[bookmark: OLE_LINK6]Modulation scheme for RMSI
At last meeting, we have the following working assumption as:
Working assumption:
· For broadcast PDSCH, MCS is limited to QPSK, rank is limited to 1.
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. 
[bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK208][bookmark: OLE_LINK209]Observation 1:  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.
[bookmark: OLE_LINK250][bookmark: OLE_LINK251][bookmark: OLE_LINK252]Therefore, we propose to confirm the above working assumption. And to capture it, the related Text Proposal is given in the Appendix A-1 for TS38.214. 
[bookmark: OLE_LINK128][bookmark: OLE_LINK129]Proposal 2:  Confirm the following working assumption as:
“For broadcast PDSCH, MCS is limited to QPSK, rank is limited to 1.”

[bookmark: OLE_LINK9][bookmark: OLE_LINK14]Max TBS for broadcast PDSCH
At last meeting, RAN2 send a LS to RAN1 on RMSI size [3]. In this section, we provide corresponding feedback on following requirements. 
1. [bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK126][bookmark: OLE_LINK127][bookmark: OLE_LINK27][bookmark: OLE_LINK28]Whether NR can support approximately 1700 bits RMSI in one TB in all cases.
2. [bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK130]If necessary, whether L1 parameters size in RMSI can be reduced.
In NR, three RMSI CORESET&RMSI patterns were given. In pattern 1 and pattern 2, more TF resources can be configured to RMSI as shown in Figure 2. Thereby, it is possible to support approximately 1700 bits RMSI in one TB in these cases. While for pattern 3, it may be not feasible due to limited available resources for RMSI at one transmission time.
[bookmark: OLE_LINK241][bookmark: OLE_LINK242][bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK248][bookmark: OLE_LINK249][bookmark: OLE_LINK137][bookmark: OLE_LINK138][bookmark: _GoBack]According to the configuration of RMSI CORESET&RMSI pattern 3 in Table 13-8 of [2], the maximum number of available REs for RMSI PDSCH is 48*2*12= 1152, wherein, the front loaded DMRS of PDSCH further occupy 288 REs and the remaining REs for RMSI transmission is only 864 REs. If QPSK is used for RMSI, possible target spectrum efficiency vary from 0.2344 to 1.3262 based on Table 5.1.3.1-1 of [5]. The range of supported TBS size for RMSI will be from 202 to 1146. Thereby, approximately 1700 bits RMSI in one TB cannot be supported in this case. 
[image: ]
[bookmark: _Ref510534010]                                          Figure 2. An illustration of RMSI CORESET&RMSI pattern
[bookmark: OLE_LINK196][bookmark: OLE_LINK197][bookmark: OLE_LINK232][bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK244][bookmark: OLE_LINK245][bookmark: OLE_LINK38][bookmark: OLE_LINK42]Observation 2:  NR can support approximately 1700 bits RMSI in one TB in most of cases except for RMSI pattern 3 at one transmission time.
[bookmark: OLE_LINK229][bookmark: OLE_LINK230][bookmark: OLE_LINK231][bookmark: OLE_LINK216][bookmark: OLE_LINK217]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 merge multiple RMSIs in different transmission time. Thereby, even for pattern 3, 1700 bits RMSI can be achieved by configuring RMSI of smaller periodicity. As in LTE, the support of redundancy transmission of SystemInformationBlockType1 (SIB1) message was discussed in RAN2 spec of TS 36.321. In LTE, 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 is given by {0, 2, 3, 1}, too. Therefore, the redundancy version of the received downlink assignment for this TTI can be reused as in LTE i.e. RVK = ceiling (3/2*k) modulo 4 where the value k should depends on its periodicity. 
Given the supported 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. 
Based on the above discussions, the following can be replied to RAN2 in response to their LS:
[bookmark: OLE_LINK134][bookmark: OLE_LINK135][bookmark: OLE_LINK136][bookmark: OLE_LINK177][bookmark: OLE_LINK200]Proposal 3:  NR can support approximately 1700 bits RMSI in one TB in all cases. Specifically, for Pattern 3, more than one redundancy version needs to be supported in order to support TB size of up to 1700 bits. 
[bookmark: OLE_LINK198][bookmark: OLE_LINK199]Observation 3:  NR should support redundancy transmissions for RMSI as in LTE. Adopting the redundancy version as in LTE can be a starting point for consideration. 
2.4  Additional RMSI CORESET configurations for pattern 3
[bookmark: OLE_LINK233]At last RAN4 meeting, UE minimum channel bandwidth 200MHz was agreed as mandatory BW for FR2. 400MHz is an optional channel BW for some NR bands. With the larger supported bandwidth  of  200MHz/400MHz for  SCS =120 kHz as shown below in Table 5.3.2-1 of TS 38.101-2, a larger allocation of up to 96 RBs should be now supported for the  RMSI CORESET/RMSI. 
[bookmark: OLE_LINK226][bookmark: OLE_LINK227][bookmark: OLE_LINK228]Table 5.3.2-1: Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	50MHz
	100MHz
	200MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264



New configuration entries with 96 RBs and 192 RBs in Table 13-8 of [2] for Pattern 3 are proposed, as shown in the Text Proposals given in the Appendix A-2 for TS38.213.                                 
[bookmark: OLE_LINK253]Observation 4: NR should support larger RBs allocation for RMSI CORESET pattern 3 due to the increased supported UE minimum bandwidth and to support larger TB size. 

Conclusion
In this contribution, we discuss the RMSI periodicity configuration. The following observations and proposals are made: 
Observation 1:  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.
Observation 2:  NR can support approximately 1700 bits RMSI in one TB in most of cases except for RMSI pattern 3 at one transmission time.
Observation 3:  NR should support redundancy transmissions for RMSI as in LTE. Adopting the redundancy version as in LTE can be a starting point for consideration. 
Observation 4: NR should support larger RBs allocation for RMSI CORESET pattern 3 due to the increased supported UE minimum bandwidth and to support larger TB size. 
Proposal 1:  For {SSB SCS, PDCCH SCS} = {240, 120} kHz, remove the configurations with [image: ]=2 in Table 13-10.
Proposal 2:  Confirm the following working assumption as:
“For broadcast PDSCH, MCS is limited to QPSK, rank is limited to 1.”	

Proposal 3:  NR can support approximately 1700 bits RMSI in one TB in all cases. Specifically, for Pattern 3, more than one redundancy version needs to be supported in order to support TB size of up to 1700 bits. 
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---------------------------------------------- Start of Text Proposal ------------------------------------------
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Appendix A-1
[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 or format 1_1 with CRC scrambled by C-RNTI, TC-RNTI, CS-RNTI, SI-RNTI, RA-RNTI, or P-RNTI, 
if the higher layer parameter MCS-Table-PDSCH is not set to '256QAM', and the PDSCH is scheduled with C-RNTI
-	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 scheduled with C-RNTI and table 5.1.3.1-1 with other RNTI.
-------------------------------------------- Unchanged parts omitted -----------------------------------------
----------------------------------------------- End of Text Proposal ------------------------------------------

---------------------------------------------- Start of Text Proposal ------------------------------------------
Appendix A-2
[bookmark: _Ref500334477][bookmark: _Toc505333683]13	UE procedure for monitoring Type0-PDCCH common search space 
-------------------------------------------- Unchanged parts omitted -----------------------------------------
Table 13-8: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {120, 120} kHz
	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
	4

	2
	1 
	48
	1
	14

	3
	1 
	48
	2
	14

	4
	3 
	24
	2
	[bookmark: OLE_LINK262][bookmark: OLE_LINK263]-20 if condition A 
-21 if condition B

	5
	3 
	24
	2
	24

	6
	3 
	48
	2
	-20 if condition A 
-21 if condition B

	7
	[bookmark: OLE_LINK260][bookmark: OLE_LINK261]3 
	48
	2
	48

	8
	3
	96
	2
	[bookmark: OLE_LINK264][bookmark: OLE_LINK265][bookmark: OLE_LINK266]-20 if condition A 
-21 if condition B

	9
	3
	96
	2
	96

	10
	3
	192
	2
	-20 if condition A 
-21 if condition B

	11
	3
	192
	2
	192

	8
	Reserved

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved


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