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1. Introduction

A RAN2 LS on RMSI reception based on non-zero search space has been received from RAN2 to consult RAN1 how the UE receive RMSI in an active BWP which is not overlapping CD-SSB/CORESET 0. The details of the LS are as in the following:

	 Currently, the dedicated BWP can be configured for the RRC_CONNECTED UE with optional common search space configuration. If the common search space is not set to zero for OSI/paging, RAN2 spec (38.331 section 5.2.2.3.2 for OSI and TS38.304 section 7 for paging) indicates the mapping between OSI/paging PDCCH monitoring occasions and SSBs for all RRC state UE. However, it is not clear for RMSI reception if search space for RMSI is not set to zero for RRC_CONNECTED UE.

RAN2 has discussed the issue about SIB1 reception for RRC_CONNECTED UEs. When the UE is configured with a dedicated BWP not covering the cell-defining SSB (i.e. the SSB with an RMSI associated) and CORESET#0, the common search space for SIB1 reception (i.e. searchSpaceSIB1) configured in this BWP has to be a non-zero search space. In this case, there is no mapping correlation defined in RAN2 specifications between PDCCH occasions of the non-zero search space and SSBs. 

Q1: RAN2 would like to ask RAN1 in the above case when the dedicated BWP does not cover the cell-defining SSB, whether a mapping between PDCCH occasions and SSBs needs to be defined for the non-zero search space configured for reception of SIBs? Or SIB reception can be based on other means (e.g. RRC configured TCI state)


In this contribution, we will discuss our understanding of the issues and give our proposals.     
2. Discussion
Based on the LS from RAN2 and also after checking the specification in 38213[2], 38331[3],38304[4] etc. Our understanding of UE’s behaviors of receiving RMSI, OSI and paging are summarized in the following Table 1. 

Table 1 RMSI, OSI and paging reception for NR UE in RRC idle/inactive/connected states
	
	RRC_IDLE/INACTIVE UE
	RRC_CONNECTED UE

	RMSI
	UE receives RMSI in initial DL BWP.

RMSI is transmitted in initial DL BWP via beam-sweeping manner.

Search space: Type0-PDCCH CSS set is monitored by the UE and the mapping between PDCCH monitoring occasions and SSBs is specified in chapter 13 of 38213 (see 4.1 in the appendix). The QCL assumption is specified in chapter 10.1 of 38213(see 4.2 in the appendix). 
	UE receives RMSI in the active BWP when searchSpaceSIB1 is configured for the BWP.
Case 1:  When the active BWP is the initial DL BWP or when the active BWP includes the entire CORESET 0, CORESET 0 and CSS 0 shall be configured for Type0-PDCCH CSS. The UE receives RMSI in the same CORESET 0 and CSS 0 as in the initial BWP (see 4.3 in the appendix). Therefore, in this case, UE’s behaviors are clear.
Case 2:

When the active BWP is NOT the initial DL BWP or when the active BWP does NOT include the entire CORESET 0, the UE’s behaviors on how to monitor searchSpaceSIB1 seems not clear[2]
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[3]. For example, how the UE assume the TCI state for PDCCH monitoring? It there a mapping between PDCCH monitoring occasions and SSBs?

	OSI
	Case 0:

UE receives OSI in initial DL BWP.

OSI is transmitted in initial DL BWP via beam-sweeping manner.
Search space:  when searchSpaceOtherSystemInformation = zero,
type0-PDCCH CSS set is reused.

When searchSpaceOtherSystemInformation 

is non-zero, monitor search space indicated by searchSpaceOtherSystemInformation based on the mapping between PDCCH monitoring occasion and actually transmitted SSB as specified session 5.2.2.3.2 of 38.331 (see 4.4 in the appendix).
	UE receives OSI in the active DL BWP if searchSpaceOtherSystemInformation is configured for that BWP.
Based on RAN2 LS, session 5.2.2.3.2 in 38.331 shall be applied for the UE to receive OSI since it doesn’t differentiate UEs in RRC idle/inactive and RRC connected states.
Hence, when searchSpaceOtherSystemInformation 

is non-zero, UE monitors PDCCH search space indicated by searchSpaceOtherSystemInformation based on the mapping between PDCCH monitoring occasion and actually transmitted SSB as specified in session 5.2.2.3.2 in 38.331(see 4.4 in the appendix).
Note: UEs in RRC connected may still needs to monitor OSI when system information is notified to be changed by the network.

	paging
	UE receives paging in initial DL BWP.

Paging is transmitted in initial DL BWP via beam-sweeping manner.
Search space:  when pagingSearchSpace = zero, type0-PDCCH CSS set is reused.
When pagingSearchSpace is non-zero, monitor search space indicated by pagingSearchSpace based on the mapping between PDCCH monitoring occasion and actually transmitted SSB as specified in session 7 of 38.304(see 4.5 in the appendix).
	UE receives paging in the active DL BWP if pagingSearchSpace is configured for that BWP.
Based on RAN2 LS, session 7 of 38.304 shall be applicable for the UE to receive paging. 

Hence, when pagingSearchSpace is non-zero, UE monitors search space indicated by pagingSearchSpace based on the mapping between PDCCH monitoring occasion and actually transmitted SSB as specified in session 7 in 38.304(see 4.5 in the appendix).
Note: UEs in RRC connected may still needs to monitor paging to monitor the indication for system information change and ETWS/CMAS.


Based on the summary above, it seems that when the active BWP is NOT the initial DL BWP or when the active BWP does NOT include SSB/the entire CORESET 0, the UE’s behaviors to monitor PDCCH for RMSI reception is not clear since there is no mapping relationship between the PDCCH for RMSI reception and SSB.  
As asked in RAN2’s LS, for the above cases, there may be two possible UE behaviors:

1) UE monitors RMSI PDCCH based a mapping between PDCCH monitoring occasions and SSB as what have been defined for OSI and paging. In this case, the mapping between PDCCH monitoring occasions and SSB shall be additionally defined, either in RAN2 specification (e.g., 38331) or RAN1 specification (e.g.,38213).
2) UE monitors RMSI PDCCH based on TCI states configured in the CORESET associated with searchSpaceSIB1. If UE follows this behavior for RMSI reception, it is naturally for the UE to follow the same way for paging/OSI monitoring when UE works in an active BWP. That is, UE also monitors pagingSearchSpace and searchSpaceOtherSystemInformation based on TCI states in the corresponding CORESETs. If we have this understanding, it would be necessary to inform RAN2 that session 7 in 38.304 and session 5.2.2.3.2 in 38.331 doesn’t apply in this case. 
Therefore, based on the above discussion, we have the following proposals:

Proposal 1: When the UE is configured with a dedicated BWP not covering the cell-defining SSB and CORESET#0, consider one of the following options for RMSI reception based on non-zero search space:
Option 1: To define a mapping between RMSI PDCCH monitoring occasions and SSB, and UE monitor PDCCH based on the mapping relationship.

Option 2: UE monitors RMSI PDCCH based on TCI states configured in the CORESET associated with searchSpaceSIB1. 
Proposal 2: If option 2 in the above proposal is adopted, further discuss the UE’s behaviors on paging/OSI reception based on non-zero search space. 

Proposal 3: If RAN1 concludes that UE also monitors pagingSearchSpace and searchSpaceOtherSystemInformation based on TCI states in the corresponding CORESETs, inform RAN2  the conclusion. 
3. Conclusions
In this contribution, we discussed LS from RAN2 on RMSI reception based on non-zero search space. Based on the discussion, we have the following proposals:

Proposal 1: When the UE is configured with a dedicated BWP not covering the cell-defining SSB and CORESET#0, consider one of the following options for RMSI reception based on non-zero search space:

Option 1: To define a mapping between RMSI PDCCH monitoring occasions and SSB, and UE monitor PDCCH based on the mapping relationship.

Option 2: UE monitors RMSI PDCCH based on TCI states configured in the CORESET associated with searchSpaceSIB1. 
Proposal 2: If option 2 in the above proposal is adopted, further discuss the UE’s behaviors on paging/OSI reception based on non-zero search space. 

Proposal 3: If RAN1 concludes that UE also monitors pagingSearchSpace and searchSpaceOtherSystemInformation based on TCI states in the corresponding CORESETs, inform RAN2  the conclusion. 
4. Appendix
4.1. Chapter 13 in TS38213[2]
	13
UE procedure for monitoring Type0-PDCCH CSS sets
If during cell search a UE determines from MIB that a CORESET for Type0-PDCCH CSS set is present, as described in Clause 4.1, the UE determines a number of consecutive resource blocks and a number of consecutive symbols for the CORESET of the Type0-PDCCH CSS set from controlResourceSetZero in pdcch-ConfigSIB1, as described in Tables 13-1 through 13-10, and determines PDCCH monitoring occasions from searchSpaceZero in pdcch-ConfigSIB1, included in MIB, as described in Tables 13-11 through 13-15. 
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. The symbols of the CORESET associated with pdcch-ConfigSIB1 in MIB or with searchSpaceSIB1 in PDCCH-ConfigCommon have normal cyclic prefix. 
The offset in Tables 13-1 through 13-10 is defined with respect to the SCS of the CORESET for Type0-PDCCH CSS set, provided by subCarrierSpacingCommon, from the smallest RB index of the CORESET for Type0-PDCCH CSS set to the smallest RB index of the common RB overlapping with the first RB of the corresponding SS/PBCH block. In Tables 13-7, 13-8, and 13-10 
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 is defined in [4, TS 38.211]. 
<text omited>


4.2.  Chapter 10.1 in TS38213[2]
	<text omited>

The UE may assume that the DM-RS antenna port associated with PDCCH receptions in the CORESET configured by pdcch-ConfigSIB1 in MIB, the DM-RS antenna port associated with corresponding PDSCH receptions, and the corresponding SS/PBCH block are quasi co-located with respect to average gain, QCL-TypeA, and QCL-TypeD properties, when applicable [6, TS 38.214], if the UE is not provided a TCI state indicating quasi co-location information of the DM-RS antenna port for PDCCH reception in the CORESET. The value for the DM-RS scrambling sequence initialization is the cell ID. A SCS is provided by subCarrierSpacingCommon in MIB.

<text omited>


4.3. Chapter 10.1 in TS38213[2]
	<text omited>

For a DL BWP, if a UE is not provided searchSpaceSIB1 for Type0-PDCCH CSS set by PDCCH-ConfigCommon, the UE does not monitor PDCCH candidates for a Type0-PDCCH CSS set on the DL BWP. The Type0-PDCCH CSS set is defined by the CCE aggregation levels and the number of PDCCH candidates per CCE aggregation level given in Table 10.1-1. If the active DL BWP and the initial DL BWP have same SCS and same CP length and the active DL BWP includes all RBs of the CORESET with index 0, or the active DL BWP is the initial DL BWP, the CORESET configured for Type0-PDCCH CSS set has CORESET index 0 and the Type0-PDCCH CSS set has search space set index 0. 

<text omited>


4.4. Chapter 5.2.2.3.2 in 38331[3]
	5.2.2.3.2
Acquisition of an SI message

For SI message acquisition PDCCH monitoring occasion(s) are determined according to searchSpaceOtherSystemInformation. If searchSpaceOtherSystemInformation is set to zero, PDCCH monitoring occasions for SI message reception in SI-window are same as PDCCH monitoring occasions for SIB1 where the mapping between PDCCH monitoring occasions and SSBs is specified in TS 38.213[13]. If searchSpaceOtherSystemInformation is not set to zero, PDCCH monitoring occasions for SI message are determined based on search space indicated by searchSpaceOtherSystemInformation. PDCCH monitoring occasions for SI message which are not overlapping with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from one in the SI window. The [x×N+K]th PDCCH monitoring occasion (s) for SI message in SI-window corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K = 1, 2, …N, N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is equal to CEIL(number of PDCCH monitoring occasions in SI-window/N). The actual transmitted SSBs are sequentially numbered from one in ascending order of their SSB indexes. The UE assumes that, in the SI window, PDCCH for an SI message is transmitted in at least one PDCCH monitoring occasion corresponding to each transmitted SSB and thus the selection of SSB for the reception SI messages is up to UE implementation.
<text omited>


4.5.  Chapter 7 in 38304[4]
	<text omited>

When SearchSpaceId other than 0 is configured for pagingSearchSpace, the UE monitors the (i_s + 1)th PO. A PO is a set of 'S' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1. The Kth PDCCH monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB. The PDCCH monitoring occasions for paging which do not overlap with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from zero starting from the first PDCCH monitoring occasion for paging in the PF. When firstPDCCH-MonitoringOccasionOfPO is present, the starting PDCCH monitoring occasion number of (i_s + 1)th PO is the (i_s + 1)th value of the firstPDCCH-MonitoringOccasionOfPO parameter; otherwise, it is equal to i_s * S.
<text omited>
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