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This purpose of the document is to provide an updated summary of offline discussion on the remaining key issues and the proposed solutions on AI 7.1.2.2 “Remaining details on remaining minimum system information” for facilitating the continue discussion in RAN1#91. The following is a list of remaining RMSI key issues:

· DL bandwidth combining the SS/PBCH block and initial active DL BWP
· Association between SS blocks and the corresponding RMSI(s) in wideband operation
· Different Numerologies of SS/PBCH block and RMSI CORESET
· RMSI CORESET(s) Configuration
· RMSI PDCCH monitoring window configuration
· FDM configuration between SS/PBCH block and RMSI(CORESET/NR-PDSCH)
· Down-selection of RMSI TTI
· RMSI Transmission Block
· RMSI PDSCH transmission

[bookmark: _Toc494974518][bookmark: _Toc497414084][bookmark: _Toc499307116]Key Issues and Proposed Solutions
[bookmark: _Toc497414085][bookmark: _Ref498336771][bookmark: _Toc499307117][bookmark: _Toc494974519]DL bandwidth combining the SS/PBCH block and initial active DL BWP
In RAN1#91, the following agreements were made:

	Agreements:
· NR supports RMSI CORESET configuration such that the total bandwidth covering that of the SS/PBCH blocks and the initial active DL BWP containing RMSI CORESET when they occur in different time instances is confined within minimum carrier bandwidth
· NR supports RMSI CORESET configuration such that the total bandwidth covering that of the SS/PBCH blocks and the initial active DL BWP containing RMSI CORESET when they occur in the same time instance or different time instances is confined within UE minimum bandwidth 
· Note: the above doesn’t prohibit the case when the SS/PBCH blocks are fully contained within the initial active DL BWP containing RMSI CORESET




[bookmark: _Toc497414086][bookmark: _Ref498336799][bookmark: _Toc499307118]Association between SS blocks and the corresponding RMSI(s) in wideband operation
In RAN1#91, the following agreements were made:

	Agreements:
· RMSI CORESET configuration supports one-to-one association between one SS/PBCH block and one RMSI in wideband operation
· RAN1 makes decision in this week on whether to support RMSI CORESET configuration with many-to-one association between multiple SS/PBCH blocks and one RMSI in wideband operation
· No RRC impact is expected




Offline Proposals (To be discussed)

· In Rel-15, NR does not support RMSI CORESET configuration with many-to-one association between multiple SS/PBCH blocks and one RMSI in wideband operation.

[bookmark: _Ref498336974][bookmark: _Toc499307119]Different Numerologies of SS/PBCH block and RMSI CORESET
NR supports different numerologies between SS/PBCH block and RMSI (PDCCH/PDSCH) by the use of the ‘1’ bit indication in PBCH. 

[bookmark: _Toc499307120]Different numerologies for FDM
When the SSBs and the RMSI CORESETs are FDMed, the UE will need supporting simultaneous reception of SSBs and the RMSI PDCCH with mixed numerologies in order to take the advantage of FDM. However, according to the LS from RAN4 (R4-1708864), “Support of simultaneous reception of Data/SS with mixed numerologies is optional from UE implementation perspective.” Then, the question is whether and how to support FDM of SSBs and the RMSI CORESETs with mixed numerologies.

Note: For SSBs with SCS 240kHz, the corresponding RMSI SCS is either 60 kHz or 120kHz. Thus, when SSBs with 240 kHz SCS are FDMEd with RMSI, the RMSI SCS is always different from the SSB SCS.


[bookmark: _Toc498346702]Table 2.3‑1 Comments on the support of different numerologies for FDM
	Company 
Name
	Comments

	CATT
	· Supporting different numerologies for SS/PBCH blocks and the RMSI CORESETs for FDM cases. 
· Support all possible combination of the different numerologies for SS/PBCH blocks and the RMSI CORESETs, namely {SSB SCS, RMSI SCS} = {{15, 30}, {30, 15}, {120, 60}, {240, 60}, {240, 120}} kHz in addition to the cases where the SSB and RMSI have the same numerology. 
· Define the RMSI CORSET configuration for each combination of the different numerologies in separate tables.
 
· Note 1: The RMSI CORSET configurations for some combination may be same.
· Note 2: For UEs that do not supporting simultaneous reception of SS/PBCH blocks and RMSI PDCCH with mixed numerologies may require longer time for initial access. It will be up to RAN4 to define the performance requirements.  


	vivo
	We suggest only supporting the same numerology for FDM cases except for SSBs with SCS 240kHz since 240kHz is not applicable to data. 
The main motivation for supporting FDM operation is to achieve fast beam sweeping for RMSI and potentially to reduce the delay for initial access procedure. Comparing two schemes: FDM with same numerology and FDM with different numerology, FDM with different numerology will have no extra benefit compared with FDM with same numerology. Furthermore, FDM with different numerology will introduce the following shortages: 
· a guard band is needed in order for avoiding the interference at edges of SSB and RMSI CORESET
· additional UE complexity as UE has to switch from one sampling rate to another in turns 
All potential combinations of SSB and CORESET for TDM case or FDM case are listed here:
· Combination 1(FDM+TDM): SSB SCS 15kHz, CORESET SCS 15kHz
· Combination 2(FDM+TDM): SSB SCS 30kHz (pattern2), CORESET SCS 30kHz
· Combination 3(FDM+TDM): SSB SCS 30kHz (pattern1), CORESET SCS 30kHz 
· Combination 4(FDM+TDM): SSB SCS 120kHz, CORESET SCS 120kHz
· Combination 5(TDM only): SSB SCS 15kHz, CORESET SCS 30kHz
· Combination 6(TDM only): SSB SCS 30kHz (pattern1), CORESET SCS 15kHz
· Combination 7(TDM only): SSB SCS 120kHz, CORESET SCS 60kHz
· Combination 8(FDM+TDM): SSB SCS 240kHz, CORESET SCS 60kHz
· Combination 9(FDM+TDM): SSB SCS 240kHz, CORESET SCS 120kHz
In our opinion, there are two ways to design the lookup table for RMSI CORESET configuration:
· alt1: as mentioned by CATT, define separate tables for each combination
· alt2: define two tables for same numerology case and mixed numerology case respectively
There are 9 different combinations of SSB and CORESET. It is noted that some combinations with the same RMSI CORESET config-index have the same RMSI CORESET configurations, e.g. combination 6&7, combination 1&2, combination 3&4. However, considering that these combinations may have different CORESET BW limitations, Alt 1 still requires 9 tables in specification for all combinations but with a large amount of duplicated content. 
Alt 2 will only require 2 tables. Moreover, there seems no differences on the lookup table size between Alt 1 and Alt 2. Thus we simply prefer alt.2. 
The following form could be considered as a start point of the RMSI CORESET configuration table:
	Bit field in NR-PBCH
	Deployment Scenario
	CORESET Configuration

	0000

	Combination x
	Description of the RMSI CORESET T/F resources pattern
e.g., AL=8, FDM’ed with SSB, CORESET BW=12 PRBs)

	
	Combination y
	

	
	etc
	

	0001
	……
	……


Each codepoint (e.g. RMSI CORESET config-index) in the table contains multiple combinations of SSB SCS/RMSI CORESET SCS, which have their own corresponding RMSI CORESET configurations. RMSI CORESET configuration can be determined once the RMSI CORESET config-index and SSB/RMSI CORESET combinations are specified through MIB. 
Thus, only 2 tables are required, one for same numerology case and the other for the mixed numerology case.

	Samsung
	Among the different SSB and RMSI SCS combinations of {{15, 30}, {30, 15}, {120, 60}, {240, 60}, {240, 120}} kHz, other than {240, 60} combination should be supported. There is a challenge to support {240,60} combination for the FDM case, as the number of OFDM symbols available for CORESET mapping in RMSI numerology is quite limited (see below figure). Hence, it is proposed to focus on the support of {{15, 30}, {30, 15}, {120, 60}, {240, 120}} kHz in this meeting, and discuss further next year about the support of {240,60}. 

[image: ]

	Ericsson
	We do not see that limiting the numerology configurations leads to any reduction in specification and implementation effort. The current agreement that RMSI can use SCS 15 and 30 kHz for FR1 and 60 and 120 kHz for FR2 are sufficient. 

	Nokia
	SSB numerology(ies) are frequency band dependent and the PBCH includes 1 bit numerology indication for RMSI. Hence we do not see need to restrict further.

	Huawei
	For FDM case, only support same numerologies for SS/PBCH blocks and the RMSI CORESETs.  For 240kHz, only TDM case is supported. In general a table-based approach can be considered including the indication of RMSI timing configuration and CORESET resource configuration. We suggest discussing all related aspects for different combinations of SCS for SS/PBCH and RMSI.

	Intel
	Baseline of having have numerology when RMSI is FDM multiplexed. Additional modes (with different numerology) can be discussed and supported if they can be supported without additional increase in number of bits in PBCH.

	ZTE
	Same view as Ericsson and Nokia.

	InterDigital
	In our view we don’t see the need to restrict numerology configuration.

	Qualcomm

	RMSI numerology can be different from SSB numerology. This does not mean that UE needs to receive both SSB and RMSI at the same time.

NR does not support FDM of SSB and RMSI CORESET for below-6GHz.

	CMCC
	Since the numerology is already indicated in PBCH, it  is natural to support both same and different numerologies. However, we would like further understand the scenario where 240KHz SSB and 60kHz RMSI would be used. 

	OPPO
	The LS from RAN4 has clear statement that “Support of simultaneous reception of Data/SS with mixed numerologies is optional from UE implementation perspective.”. For SSB SCS 240k, it is impossible to have same SCS as RMSI. For all other cases, we think it should configure same SCS of SSB and RMSI



Summary:

Different numerologies for SS/PBCH blocks and the RMSI CORESETs in FDM mode:
· Option 1: Support all possible combinations: 
· Supported by: CATT, InterDigital, Ericsson, Nokia, ZTE, Qualcomm (need further discussion on whether to support 240kHz SSB and 60kHz RMSI or not), LGE
· Option 2: Support all possible combinations except {240,60}: 
· Supported by: Samsung
· Option 3: Support only for the combinations when SS/PBCH SCS is 240kHz
· Supported by: vivo,OPPO
· Option 4: Do not support any combination
· Supported by: Intel
· Option 5: FFS: 
· Supported by: MediaTek


Offline Proposals (To be discussed)

FFS: Whether NR  supports FDM of SSB and RMSI CORESET for below-6GHz regardless the SS/PBCH and RMSI numerologies 
FFS: Whether NR  supports FDM of SSB and RMSI CORESET for below-6GHz when the SS/PBCH and RMSI have different numerologies 

For different numerologies for SS/PBCH blocks and the RMSI CORESETs in FDM mode, down-select one of the following options:
· Option 1: Support all possible combinations
· Option 2: Support some of possible combinations ,
· E.g, When RMSI SCS is half of the SS/PBCH block SCS {SSB SCS, RMSI SCS} = {30, 15}, {120, 60}, {240, 120} kHz
· Option 3: Support only for the combinations when SS/PBCH SCS is 240kHz
· E.g., {SSB SCS, RMSI SCS} = {240, 60}, {240, 120} kHz
· Option 4: Do not support any combination
· Option 5: Support all possible combinations only for above-6GHz

[bookmark: _Toc499307121]Different numerologies for TDM

In RAN1#91, the following agreements were made for supporting different numerology for TDM:

	Agreements:
· For RMSI CORESET configuration, support the following combinations of different numerologies for SS/PBCH blocks and the RMSI CORESETs in different time instances:
· {SSB SCS, RMSI SCS} = {{15, 30}, {30, 15}, {120, 60}, {240, 60}, {240, 120}} kHz




[bookmark: _Toc497414087][bookmark: _Ref498336817][bookmark: _Ref498338450][bookmark: _Toc499307122]RMSI CORESET(s) Configuration
In RAN1#91, the following agreements were made for RMSI CORESET configuration:
	Agreements:
· Confirm the following working assumption
· (Working assumption) PBCH contents, except the SSB index, should be the same for all SS/PBCH blocks within an SSB burst set for the same centre frequency
· All of the RMSI CORESETs associated the SS/PBCH blocks within an SSB burst set should have the same settings (including time duration) except time-domain location related properties 
· FFS details of the time-domain related properties




The following agreements were made on RMSI CORESET(s) in RAN1#90bis.

	Agreements:

· UE assumes the DMRS of NR-PDCCH transmitted in the CORESET for RMSI and the DMRS of NR-PDSCH for RMSI/broadcast OSI is QCLed with the corresponding  SS/PBCH block
· FFS: On the details on the associations between SS blocks and monitoring windows for RMSI CORESETs/broadcast OSI.




	Agreements: ([90b-NR-04] CORSET and RMSI Configuration)

  (Working assumption) PBCH contents, except the SSB index, should be the same for all SS/PBCH blocks within an SSB burst set for the same center frequency

  The maximum number of bits for configuration of RMSI CORESET(s) and RMSI timing in PBCH is X bits excluding the subcarrier spacing. 
  X is TBD, and can be chosen to be up to [8] bits.
  Note: RMSI CORESET(s) means the CORESET(s) configured by PBCH

  Configuration of RMSI CORESET(s) should consider at least the following properties: 
  bandwidth (PRBs) 
  frequency position (frequency offset relative to SS/PBCH block) 
  A set of consecutive OFDM symbol indices in a slot corresponding to a single CORESET 
  FFS: signaling details including what is captured in specifications and what is signaled in the MIB




	Agreements: ([90b-NR-23] Email discussion on association among CORESET/search space/RNTI/DCI format size)

Proposal 1
· For PDCCH monitoring occasion of 1-slot, 2-slot, [5-slot], [10-slot], and [20-slot],
· Slot-level offset value for PDCCH monitoring occasion is also supported.
· For N-slot monitoring occasion, the offset is one from [0, N-1].
· Note: symbol-level bit-map of monitoring occasion within a slot agreed at RAN1#90bis is still available.

Proposal 2
· For the DMRS of NR-PDCCH in a CORESET,
· The QCL configuration/indication is on a per CORESET basis (Alt.1).

Proposal 3
· The value(s) of TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, and/or TPC-SRS-RNTI, are provided by RRC signaling.
· The association between at least each of the following RNTIs and a DCI format is specified in the specification.
·  C-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, INT-RNTI, SFI-RNTI. FFS: other RNTI(s).
· The value of C-RNTI is obtained as part of random access procedure.
· The association between a DCI format and a type of search space (UE-common search space and UE-specific search space) is specified in the specification.
· UE-common search space contains a DCI format of C-RNTI, RNTI(s) for SPS/grant-free, TPC-PUSCH-RNTI, TPC-PUCCH,RNTI, TPC-SRS-RNTI, and INT-RNTI.
· UE-specific search space contains a DCI format of C-RNTI and RNTI(s) for SPS/grant-free.

Proposal 4
· By PBCH, a UE obtains at least one CORESET configuration at least for PDCCH scheduling RMSI associated with a given SS block.
· The set of aggregation levels and candidates per aggregation level for PDCCH scheduling RMSI is specified in the specification.
· FFS the indication of the support of aggregation level 16 in the cell
· FFS: Set of search spaces for OSI, random access, and paging.
· By RMSI, the UE can be configured with at least one CORESET configuration at least for PDCCH for random access.
· If not configured by RMSI, the CORESET configuration(s) for random access is/are the one(s) configured by PBCH.
· FFS: whether the CORESET configuration can be configured outside of the initial active DL BWP.
· By UE-specific RRC signalling, the UE can be configured with one or more CORESET configuration(s) at least for PDCCH scheduling UE-specific data.
· Each CORESET configuration is associated with one or more sets of search spaces.
· Note: each set of search spaces is associated with one CORESET configuration.





The RMSI CORESET configuration indicates the resource of the PDCCH that schedules the PDSCH carrying RMSI. While some of the details of the RMSI CORESET (e.g., The set of aggregation levels and candidates per aggregation level for PDCCH scheduling RMSI ) may be decided in control channel session, the Initial Session needs, at least, to determine the configuration properties of RMSI CORESET(s) agreed in the email discussion of [90b-NR-04]. 

Based on the contributions submitted to RAN1#90bis, the RMSI CORESET may be configured with following options:
 
Option 1: Using a table with a list of configuration indices. Each index represents a set of pre-defined configuration for the  CORESET properties (e.g., bandwidth (PRBs), frequency position, CORESET duration/OFDM symbols)
Option 2: Configure each CORESET property separately (e.g., frequency location is defined with a different parameter from the one used for time location, etc.)
Option 3: Some properties are configured together using a table, while others are configured separately. 

In addition, regardless which of the above options is adopted, some of the properties/parameters may be explicitly indicated by the RMSI CORESET configuration carried in the MIB, while some others could be derived from the indicated properties/parameters once the relationship between them are defined in the specifications. 
The intention of Table 2-3.1 is to collect the considerations from interested companies on the preferred option for the configuration of RMSI CORESET(s).

[bookmark: _Toc498346704]Table 2.4‑1: Comments on the Configuration Methods of RMSI CORESET(s)

	Company 
Name
	Option 1
	Option 2
	Option 3
	Comments

	CATT
	Yes
	
	[Yes]
	Our opinion is to only use Option 1 if possible. Option 3 can be considered if some RMSI CORESET properties are identified to be totally independent of others. In this case, the configuration of RMSI CORESET may be simpler with separate smaller tables. 

	
	
	
	
	

	vivo
	Yes
	No
	No
	We prefer option1 to potentially save NR-PBCH payload. In addition, the following extra two aspects need to be considered when designing RMSI CORESET configuration:
· Aggregation level and/or search space should be jointly considered in addition to combinations of parameters (such as bandwidth, duration, start timing and frequency position of CORESET etc.);
· RMSI CORESET configurations should consider using DL numerology indicator as a prior information, which can potentially save PBCH payload overhead or provide much more flexible room for RMSI CORESET configuration.

	Spreadtrum
	[yes]
	No
	Yes
	Our opinion is to support Option 3. 
Some RMSI CORESET properties are totally independent of others

	· Samsung
	
	· 
	· 
	· As we mentioned during the e-mail discussion, whether the spec will capture a big table or multiple small tables should be up to the spec editor. 
· 
· We suggest focusing on technical aspects, i.e., (1) identify detailed parameters need to be indicated for the time/frequency domain mapping of CORESETs; (2) options/values should be supported for each of the mapping parameters considering the limited payload of the PBCH, and (3) whether some/all group of parameters can/should be jointly indicated. 
· 
· As a side note, we feel that the discussion is likely to be more efficient if the parameters can be separately discussed; and could get alignment for the parameters one by one. 

	· Ericsson
	Yes
	· 
	· 
	· Agree to focus on what to signal rather than format, but believe that a table is likely to make it easier to get agreements.

	· Nokia
	Yes
	· 
	· 
	· If, after we have concluded the set of configurations needed, we can partition them in meaningful manner it can be considered, but currently we feel that table format is the preferable way. 

	· Huawei
	[yes]
	· No
	· Yes
	· Our view is that this may not be essential for discussion. It will be much more important to focus on figuring out the configuration details for RMSI. We share similar view with Samsung that we could list all the possible aspects and discuss them separately.

	· Intel
	[yes]
	· 
	· Yes
	· Once we have figured out all the essential combinations of configurations that is needed to be supported, we should be able to converge on a unified solution. If the number of bits is not enough, we may be able to look towards option 1. However, from our analysis, the number of required combinations that CORESET configuration should support is fairly large, and we do not have much bits in PBCH, therefore option 3 is most likely outcome.

	· ZTE
	
	· 
	· Yes
	· Focus on the technical aspects and configurations rather than signalling format (i.e. table(s) and/or explicit parameters)

	· InterDigital
	Yes
	· 
	· [Yes]
	· Our view is to use Option 1. Option 3 can also be considered.

	· Qualcomm
	Yes
	· 
	· 
	· RMSI CORESET configuration table includes combinations of SSB SCS, RMSI SCS, SSB/RMSI CORESET multiplexing (TDM vs. FDM), RMSI CORESET BW, OFDM symbol location for RMSI CORESET, RMSI CORESET frequency position.

	· CMCC
	[Yes]
	· 
	· Yes
	· Some of the parameters may be dependent 

	· OPPO
	[Yes]
	· No
	· Yes
	Our opinion is to support Option 3. 
· We think some RMSI CORESET properties can be summarized in a table, but others such as frequency offset may be independent to others



The intention of Table 2-2.2 is to collect the opinions on the configuration of each RMSI CORESET properties, such as the values [ranges], the granularity etc. of the properties. The discussion may need to consider both TDM/FDM of SSB and RMSI CORESET cases. 

[bookmark: _Toc498346705]Table 2.4‑2: Comments on the individual RMSI CORESET(s) Properties
	Company 
Name
	CORESET Properties
	Comments 

	CATT
	bandwidth (PRBs) 
	RMSI CORESET bandwidth and the number of  OFDM symbol indices of a single CORESET may be related, since it is important to ensure that the total PRBs is larger enough to support reliable RMSI CORESET delivery. For example, assume we need minimum total 48 PRBs for RMSI CORESET, the bandwidth  needs to be 48 PRBs if there is only one OFDM symbol in the RMSI CORESET. The bandwidth may be reduced to 24 PRBs if using two OFDM symbols in the RMSI CORESET.

	
	
	

	
	frequency position 
	For NR, SSB may be placed anywhere within the carrier bandwidth. Thus, the configuration of the RMSI CORESET frequency position needs to be flexible enough in one hand. However, due to the limitation of the number of configurations, we may need to limit the possible number of configurations. In our view, the relative frequency positions between RMSI CORESET and the SSB can be limited up to a few, e.g.,[5] possible configurations. 

	
	OFDM symbol indices of a single CORESET
	See the comments for bandwidth (PRBs) 

	
	Others(?)
	

	Spreadtrum
	bandwidth (PRBs) 
	The configuration of “bandwidth” needs to consider a various combinations of SSB SCS and CORESET SCS

	
	
	

	
	frequency position 
	The configuration of the RMSI CORESET frequency position needs to be flexible enough to support “Many-to-one association between multiple SS/PBCH blocks and one RMSI in frequency domain”.

	
	OFDM symbol indices of a single CORESET
	The configuration of “OFDM symbol indices of a single CORESET” needs to consider a various combinations of SSB SCS and CORESET SCS

	
	Others(?)
	

	Samsung

	bandwidth (PRBs) 
	We propose to jointly consider the number of PRBs and the number of CORESET OFDM symbols, as the number of PRBs and number of CORESET OFDM symbols jointly determine the number of CCEs for the CORESET. Given the coverage challenges especially for over6GHz case, our preference is to support 48 and 96 total number of REGs so that maximum 8 and 16 CCE aggregations can be supported for RMSI PDCCH transmissions. 

The number of PRBs and the number of OFDM symbols should be indicated in terms of RMSI numerology, and hence the candidate values for the indication should take into account the SSB BW, min CH BW, UE min BW, channel & sync raster, along with the number of CCEs to support. For this feature, up to 4 options seem to be sufficient. 

	
	
	

	
	frequency position 
	The frequency position of CORESET should be defined as the relative frequency position comparing to SS/PBCH block, in terms of CORESET numerology. Due the possible misalignment of SS/PBCH PRB grid and CORESET PRB/RE grid, as well as potentially different BW of SS/PBCH block and CORESET, both PRB level and RE level (e.g. floating sync) frequency offsets (or a combination of the two to save bit-width) should be indicated in MIB. The configuration should also take into account the relationship between SS/PBCH SCS and CORESET SCS, multiplexing pattern (e.g. TDM or FDM), and CORESET BW. The exact number of bits for indicating the frequency position depends on the flexibility NR wants to support (e.g. combination of SCS ratio, CORESET BW, and multiplexing pattern), and a baseline we propose for discussion can be 8 bits (including floating sync), or 4 bits (excluding floating sync).

	
	OFDM symbol indices of a single CORESET
	OFDM symbol indices can be broken down into the number of consecutive OFDM symbols and the starting OFDM symbol index. The number of symbols has been discussed above; and it should consider the coverage (i.e., # of REGs)

The starting OFDM symbol index should be determined dependent upon whether TDM vs. FDM is used, and also whether mini or full slot is used. For the starting OFDM symbol index, up to 1 bit (2 options) indication can be supported, and for multi-beam support the SSB index should jointly considered for the final mapping. 

	
	Others(?)
	The following CORESET parameters should be hard coded in the spec:
· REG bundle size (6 PRBs)
· Transmission type (interleaved only)
· RS type, i.e., WB vs. SB (WB-RS only)
· QCL’ed RS (one-to-one mapping, i.e., SS block i is QCL’ed with CORESET i)
· The number of PDCCH candidates for each aggregation level 
· TBD by the control session



	Ericsson
	bandwidth (PRBs) 
	TDM: 18, 24, 48 and 96
FDM: 24, 48 and 96
For TDM, 18 is introduced to avoid having to signal frequency offset with fine granularity in narrow bandwidths.

	
	frequency position 
	Alternatives TDM:
1. Centered around SS/PBCH block
2. Aligned with lower frequency edge of SS/PBCH block
3. Aligned with higher frequency edge of SS/PBCH block
Alternatives FDM:
1. Below SS/PBCH block in frequency with possible offset
2. Above SS/PBCH block in frequency with possible offset

	
	OFDM symbol indices of a single CORESET
	Depends on bandwidth of CORESET:
· 3 OS for 18 and 24 PRB
· 2 OS for 24, 48 and 96 PRB
· 1 OS for 48 and 96 PRB

	
	Others(?)
	

	Nokia
	bandwidth (PRBs) 
	Option of supporting at least 24 PRB and 48 PRB bandwidth for FDM and TDM

	
	
	

	
	frequency position 
	For TDM, PRB offset {-3,-2,-1,0,1,2,3} where the offset reference numerology is the min(SSB_scs,RMSI_scs) to enable alignment to data PRB grid  and placement in the system bandwidth.
For FDM, placement to above and below of the SSB, with PRB offset options {0,1} to align with the data PRB grid.

	
	OFDM symbol indices of a single CORESET
	Depending on the bandwidth {24 PRB, 2 symbols}, {48 PRBs, 1 symbol} to reach AL=8

	
	Others(?)
	REG bundle size: 6PRBs
Interleaved PDCCH transmission

	Huawei
	bandwidth (PRBs) 
	To save the signaling overhead, the OFDM symbols indices and the bandwidth of the RMSI CORESET can be determined jointly. In addition, the frequency pattern of the RMSI CORESET can also be indicated in a joint manner.
For the bandwidth, it can be signaled in the number of PRBs, REG bundle or CCEs. For example, it can be a multiple of 6 PRBs (corresponding to 1 CCE in 1 OFDM symbol). Considering the possible aggregation levels {4, 8, 16}, the candidate values of the size of the CORESET can be {24, 48, 96} PRBs.

For the OFDM symbol indices, both the starting OFDM symbol and the duration should be indicated. The starting OFDM symbol can be predefined hence no signaling is needed. The duration can be dependent on the bandwidth of the RMSI CORESET. For 24PRBs, only 2 or 3 OFDM symbols are supported. For 48 PRBs, only 1 and 2 OFDM symbols are supported. For 96 PRBs, only 1 OFDM symbols is supported.

For the frequency pattern of the CORESET, a distributed resource mapping spanning over the initial active bandwidth part is preferable to maximize the frequency diversity gain. The possible frequency location of the CORESET(s) can be limited to a few predefined frequency patterns. The predefined frequency patterns include the comb number, comb interval etc. within size of the COERSET. Furthermore, a scalable design based on the bandwidth of the initial active bandwidth part should be supported. 

In summary, a joint indication can be considered.

	
	frequency position 
	For the frequency position, we propose to consider either FDM or TDM where the cell-defining SS/PBCH block and initial active DL BWP are next to each other (above or below) or the center frequency of cell-defining SS/PBCH block and initial active DL BWP are approximately aligned. In this case, the frequency location can indicated together with TDM or FDM.


	
	OFDM symbol indices of a single CORESET
	Details are provided for bandwidth indication.

	
	Others (?)
	The REG bundle size, CCE-to-REG mapping and transmission type are predefined
· REG bundle size: 6
· CCE-to-REG mapping: time-first or frequency-first 
Transmission type: interleaving

	Intel
	bandwidth (PRBs) 
	Support at least two BWs for CORESET, somewhere near 24 PRB, and 42 PRB when CORESET uses the same SCS as SS/PBCH.

	
	frequency position 
	For the larger PRB case, only support pre-determined location with respect to SS/PBCH blocks.
However, to deal to variable SS/PBCH block position within the system bandwidth, some signaling is needed to support few PRB shift between CORESET and SS/PBCH blocks.

	
	OFDM symbol indices of a single CORESET
	In general, this would always be OFDM symbols 1~3. Except for a special mode that supports LTE-NR coexistence, where the CORESET OFDM symbols would be places in the edge of the 2nd SS/PBCH block position, which cannot be used due to CRS collision.
In the FDM case, the COREST symbols should be fixed (with an offset) with respect to the associated SS/PBCH block position.

	
	Others (?)
	The CORESET should support 1 ~ 3 OFDM symbol configuration at least in majority of the CORESET configuration cases. Additionally, in general the CORESET should have enough CCEs to support at least 1 AL 8 PDCCH when 2 or 3 OFDM symbol configuration is used. 

	ZTE
	bandwidth (PRBs) 
	Two different CORESET BWs can be supported (using 1 bit):
a) CORESET BW ≤ Minimum carrier BW (for frequency range) (roughly equal to)
b) CORESET BW ≤ Minimum UE BW (for frequency range) (roughly equal to)
Alt a is needed to support the minimum carrier BW. Alt b is useful for carrier BWs greater than or equal to UE minimum BW. The number of PRBs that this corresponds to depends on RMSI SCS.

	
	frequency position 
	Four different frequency positions are defined and selected by 1 bit + whether RMSI SCS uses same or different SCS as SSB:
1. Aligned with lower frequency edge of SS/PBCH block with possible offset
2. Aligned with higher frequency edge of SS/PBCH block with possible offset
3. Below SS/PBCH block in frequency with possible offset
Above SS/PBCH block in frequency with possible offset

	
	OFDM symbol indices of a single CORESET
	1-2 symbols for TDM and up to 4 symbols for FDM

	
	Others (?)
	

	Qualcomm
	bandwidth (PRBs) 
	Sub-6GHz: 24 and 48; above-6GHz: 24, 48 and 108.

	
	# of OFDM symbols per CORESET
	· 2 OFDM symbols when CORESET BW = 24 PRBs (for both below-6GHz and above-6GHz)
· 1 OFDM symbols when CORESET BW = 48 PRBs (for both below-6GHz and above-6GHz)
· 1 OFDM symbol when CORESET BW = 108 PRBs (for above-6GHz only)

	
	frequency position
	· Depending on SSB SCS, RMSI SCS and sync raster
· The offset is in RB step size
· Separately designed from PRB grid offset (e.g., 4 bits in PBCH)

	
	Others
	· SSB/RMSI CORESET multiplexing (FDM vs. TDM)


	CMCC
	bandwidth (PRBs) 
	The bandwidth for RMSI should consider the coverage performance and the number of candidates for RMSI PDCCH monitoring. Aggregation level 16 should be supported in RMSI CORESET considering the macro coverage performance and the demodulation performance gap between PBCH and PDCCH. At least one candidate of 16CCE, that is 96 RRB for one symbol or 48 PRB for 2symbols should be supported.
In summary, the CORESET bandwidth of  24 PRB, 48PRB and 96 PRB should be supported.

	
	frequency position 
	

	
	OFDM symbol indices of a single CORESET
	1, 2, 4 symbols
1 OS for {24,48,96} PRBs
2 OS for {24,48,96} PRBs
4 OS for {24, 48} PRBs
For TDM case, the stating symbol could be any DL symbol in the slot that can be configured for PDCCH transmission
For FDM case, the starting symbol is the first symbol of the SSB 

	
	Others (?)
	Support AL=16 to ensure the coverage of NR PDCCH

	

OPPO
	bandwidth (PRBs) 
	We share the same view with CATT.

	
	frequency position 
	Due to the limitation of the number of the PBCH CORESET indication bits, only few candidate frequency positions can be supported. But for well support of many SS/PBCH blocks to one RMSI, the indication granularity of the frequency offset of RMSI CORESET relative to the SS/PBCH frequency location shall be large enough, e.g., with 20MHz granularity.

	
	OFDM symbol indices of a single CORESET
	The starting OFDM symbol index should be determined dependent upon whether TDM vs. FDM is used and the QCL relationship with the SS/PBCH blcoks.



In the following, interested companies may provide more details on the suggestion of the RMSI CORESET configurations with the details if available. Each company may use a separate table. 


[bookmark: _Toc498346706]Table 2.4‑3: Configuration of the RMSI CORESET(s) Properties

	CATT
	Details for the RMSI CORESET Configuration 

	
RMSI CORESET configurations need considering the FDM/TDM of SSBs and RMSI CORESETs with the same or different numerologies. Details is presented in the tdoc R1-1720170.



	Samsung
	Details for the RMSI CORESET Configuration 

	
Proposal: RMSI CORESET parameters are configured according to:
· Frequency domain parameters, the number of CORESET OFDM symbols and a set of aggregation levels are indicated via the common MIB contents
· A set of aggregation levels:
· 4, 8, [16] CCE aggregation levels should be supported (for ensuring the PDCCH coverage)
· 48 and 96 total number of REGs should be supported (depending on FDM vs. TDM and available operator BW), where the number is determined implicitly by the indication of CORESET BW and number of OFDM symbols
· The following parameters are CORESET specific, and determined by the SSB index conveyed in the SSB and the common PBCH contents
· Starting position of the CORESET OFDM symbols
· RMSI PDCCH monitoring windows.
· OSI (SIBx, x>1) PDCCH monitoring windows are determined CORESET specifically, by the SSB index conveyed in the SSB, the common PBCH contents and the RMSI contents. 
· The PDCCH DMRS of the CORESET i (for which some of those parameters are determined according to SSB index i) can be assumed to be QCL’ed with SSB i

Proposal: The RMSI CORESET indication should include the following set of information:
· Information 1: RMSI CORESET BW & number of OFDM symbols – 2 bits
· Information 2: Frequency offset of CORESET –8 bits (including floating sync), or 4 bits (excluding floating sync)
· Information 3: RMSI CORESET slot offset oRMSI – 1 bit
· Information 4: Number of CORESETs per slot, starting OFDM symbol number, RMSI CORESET window periodicity – 1 bit 
For the details, please refer to our tdoc R1-1720274. 


	Huawei
	Details for the RMSI CORESET Configuration 

	
As suggested at the beginning of this section, some of the CORESET properties can be jointly configured. Details can be found in our tdoc R1-1719372.




	CMCC
	Details for the RMSI CORESET Configuration 

	
Aggregation level 16 should be supported in RMSI CORESET considering the coverage gap between SSB and PDCCH.

Different aggregation level sets can be configured in RMSI CORESET according to the RMSI CORESET size.

For the detail, please refer to our tdoc R1-1720591 [26].




Summary:

RMSI CORESET configuration approach

· Option 1: Using a table with a list of up to 2^x (x is up to 8) configuration indices. Each index represents a set of pre-defined configuration for the  CORESET properties (e.g., bandwidth (PRBs), frequency position, CORESET duration/OFDM symbols)
· Supported by: AT&T, Qualcomm, vivo, [Spreadtrum], CATT, Ericsson, Nokia
· Option 2: Discuss each CORESET property separately (e.g., frequency location is defined with a different parameter from the one used for time location, etc.)
· Supported by: LGE, Samsung, Xiaomi
· Option 3: Some of the properties are configured together using a table, while others are configured separately. 
· Supported by: Spreadtrum, [CATT], Intel, ZTE

Possible RMSI CORESET duration

· 1 symbol: most companies
· 2 symbols: most companies
· 3 symbols: LGE, NTT DOCOMO, Intel
· 4 symbols: vivo, CATT, CMCC

RMSI Bandwidth
· Depending on SCS and minimum carrier bandwidth: LGE
· Either minimum carrier bandwidth or UE minimum bandwidth: ZTE (1 bit)
· Two types of RMSI CORESET bandwidth supported: Intel

RMSI {Bandwidth(RBs), duration(symbols)}
· {{24, 2},{48,1}: Nokia, Samsung, Qualcomm
· {{48,72,96}/a, a={1,2,3,4}} : CATT
· {{24, 48, 96},1}, {{24, 48}, 2}, {24,3}}: NTT DOCOMO
· {108,1}: Qualcomm (only for above-6GHz)
· {48, 96}/a，a={1,2,4}: vivo
· {18, 3},{24,2 or 3}, {48, 1, 2 or 3} and {96, 2 or 3}: Ericsson
· {{24,2}, {24,3}, {42,1}, {42,2}, {42,3}} for the case when same SCS is used between SS/PBCH & RMSI, for other cases scales the number of PRBs based on SCS difference: Intel

RMSI CORESET Starting OFDM symbols for the CORESET
· Alt1. 
· TDM: the first OFDM symbol in the slot containing corresponding SSB
· FDM: the first OFDM symbol of the SSB
· supported by: Huawei, NTT DOCOMO
· Alt.2
· Only in downlink control region, i.e., symbols {0, 1, 2}, of downlink slots for Sub-6.
· supported by: Qualcomm
· Alt.3 
· Depend on the SSB index and RMSI CORESET configuration indexes
· supported by: Samsung, CATT, vivo, ZTE
· Alt.4 
· TDM
· For 15kHz and 30kHz; first symbol of the slot(s)
· For 60khz and 120kHz; Symbol #0 and #6
· FDM; first symbol of the corresponding SSB
· Alt 5
· TDM: the first 1 ~ 3 OFDM symbol(s) in the other half radio frame slots that contain SSB(s)
· FDM: in OFDM symbols with fixed time domain offset relations with SSB
· Supported by: Intel
· Alt 6
· TDM: the first 1 ~ 3 OFDM symbol(s) of the  correponding slot for slot based RMSI scheduling and the first OFDM symbol of the correpoding RMSI candidate time locations which reuse the nominal SSB time locations for 2/4 symbols non-slot transmission  
· FDM: in OFDM symbols with fixed time domain offset relations with SSB
· Supported by: OPPO


RMSI frequency location

· Offset relative to SSB:
· PRB offset depends on the RMSI CORESET configuration indexes for both FDM and TDM  (SCS offset due to floating synch is indicated by 4bits in PBCH)
· supported by: CATT
· Defined by the subcarrier spacing of SS/PBCH block
· Supported by: LGE
· the lowest PRB of RMSI to the lowest PRB of SSB after the PRB grid offset is already applied: 
· Supported by: Qualcomm
· 1 bit is used to indicate the frequency position, also based on if RMSI SCS is same or different than SSB SCS.
·  ZTE 
· PRB offset for the CORESET relative to the SSB center/edge, where the offset reference numerology is the min(SSB_scs,RMSI_scs)
· Nokia
· PRB offset for the CORESET relative to the SSB center/edge, where the offset reference numerology is the SSB
· Intel

· Offset granularity
· Multiple PRBs
· Qualcomm, CATT,OPPO (large enough granularity, e.g.,100 PRBs)
· Unit of 1 PRB for 24 PRB CORESET
· Intel
· [bookmark: _GoBack]Unit of 2 PRB for 42 PRB CORESET
· Intel

RMSI scheduling
· Both slot and non-slot based: Ericsson, Nokia, CATT, vivo,Xiaomi, ZTE

RMSI PDCCH Properties
· REG bundle size of 6 PRBs: 
· Supported by: Huawei, Nokia, NTT DOCOMO, Samsung, CATT, vivo, Intel, Qualcomm
· Interleaved Transmission: 
· Supported by:  Huawei, Nokia, Samsung, CATT, vivo, Qualcomm
· Aggregation Level: 
· 4 CCEs: CMCC, Samsung, CATT, vivo, Intel, Qualcomm,OPPO
· 8 CCEs: CMCC, Samsung, CATT, vivo, Intel, Qualcomm,OPPO
· 16 CCEs: NTT DOCOMO, Samsung, CATT, vivo, CMCC
· RS type: 
· WB-RS only: Samsung, Qualcomm


· RMSI CORESET configuration is are defined by a table with a list of up to 2^x configuration indices. Each index represents a set of pre-defined configuration for the dependent properties (e.g., bandwidth (PRBs), frequency position, CORESET duration/OFDM symbols)
· Note: If any of the RMSI CORESET properties is identified totally independent on others, it can be defined separately from the table.


· RMSI CORESET configuration include at least the following RMSI CORESET durations
· Alt 1) 1 and 2 symbols, and FFS [3], [4] symbol
· Alt 2) 1, 2, and 3 symbols 

· RMSI CORESET configuration supports at least the following configuration of the RMSI bandwidths
· Limited within the minimum carrier bandwidth of 5MHz for sub-6 GHz and 50 MHz for above-6GHz

· RMSI CORESET configuration supports at least the following combination of {RMSI CORESET Bandwidth(RBs), RMSI CORESET duration(symbols)}
· {48, 1}, {96, 1}, {24, 2}, {24,3}
· FFS: {18, 2},{42,1}, {42,2},{48, 2},{24,4},{42,3}

· The starting OFDM symbols for RMSI CORESET are defined in the RMSI CORESET configuration, which can, at least, be:  
· TDM: 
· the first OFDM symbol in the slot containing corresponding SSB
· FDM:
· the first OFDM symbol of the SSB

· RMSI CORESET configuration supports both slot-based and non-slot based scheduling 


Offline Agreements

· RMSI PDCCH REG bundle size is 6 PRBs
· Note: the same bundle size as control channel decision
· RMSI PDCCH aggregation levels: 4 CCEs, 8 CCEs, 16 CCEs


Offline Agreements

· The frequency offset in PRB level between RMSI CORESET and SS/PBCH block is define as the frequency difference from the lowest PRB of RMSI to the lowest PRB of SS/PBCH block
· Note: The offset in subcarrier level between the edge of SS/PBCH block PRB and RMSI CORESET PRB grid is indicated by 4 bits PRB grid offset (SSB-subcarrier-offset) in PBCH 

· The following table 2.4-x shows the supported configurations of frequency offset for the scenarios where “the total bandwidth covering that of the SS/PBCH blocks and the initial active DL BWP containing RMSI CORESET when they occur in different time instances is confined within minimum carrier bandwidth” 

Table 2.4-x  Supported configurations of frequency offsets (TDM, minimum carrier bandwidth)

	SS SCS
(kHz) 
	CORESET SCS
(kHz) 
	CORESET BW
(PRB in CORESET numerology) 
	# configurations of frequency offset 
	Frequency offset value in PRB of CORESET numerology 

	15 
	15 
	24 
	3 
	0, 2, 4

	30 
	15 
	48 
	2
	0, 8

	30 
	30 
	24 
	5 
	0, 1, 2, 3, 4 

	120 
	60 
	48 
	2 
	0, 8 

	120 
	120 
	24 
	2 
	0, 4 

	240 
	60 
	96 
	2 
	0, 16 

	240 
	120 
	48 
	2 
	0, 8 




Offline Proposals (To be discussed)


Proposal 1: 
· From RAN1’s perspective, minimum carrier bandwidth is assumed to be 5MHz for sub-6GHz and 50MHz for above-6GHz in the design of RMSI CORESET configuration
· From RAN1’s perspective, UE minimum bandwidth is assumed to be 20MHz for sub-6GHz and 200MHz for above-6GHz in the design of RMSI CORESET configuration

Proposal 2:  

NR RMSI CORESET configuration supports the following combinations of RMSI CORESET {Bandwidth (RBs), duration (symbols)}

	Scenarios
	{SS/PBCH SCS (kHz), RMSI SCS}
	{Bandwidth (RBs), duration (symbols)}
	Comments

	A (TDM, minimum carrier BW)
	{15, 15}, {30, 30}, {120, 120}
	{24, 2}, {24,3},{48, 1}, {96, 1}
FFS: {18, 2},{42,1}, {42,2},{48,2}, {24,4},{42,3}
	

	A
	{30, 15}, {120, 60}
	{24, 2}, {48, 1}, {48, 2}, {96, 1}
	

	A 
	{240, 60}
	{48, 1},{96, 1}
	

	B (TDM, UE minimum BW)
	{15, 15}, {30, 30}, {120, 120}
	{48, 1}, {96, 1}
	

	B
	{30, 15}, {120, 60}
	{48, 1}, {96, 1}
	

	B
	{240, 60}
	{48, 1}, {96, 1}
	

	C (FDM, UE minimum  BW)
	
	
	

	C 
	
	
	

	C
	
	
	



Note:
· Scenario A: the total bandwidth covering that of the SS/PBCH blocks and the initial active DL BWP containing RMSI CORESET when they occur in different time instances is confined within minimum carrier bandwidth
· Scenario B: the total bandwidth covering that of the SS/PBCH blocks and the initial active DL BWP containing RMSI CORESET when they occur in different time instances is confined within UE minimum bandwidth 
· Scenario C: the total bandwidth covering that of the SS/PBCH blocks and the initial active DL BWP containing RMSI CORESET when they occur in the same time instance is confined within UE minimum bandwidth 


Proposal 3:  

Down-selection from the following alternatives for the starting OFDM symbols for the RMSI CORESET 
: 
· Alt1. 
· TDM: the first OFDM symbol in the slot containing corresponding SSB
· FDM: the first OFDM symbol of the SSB
· Alt.2
· Only in downlink control region, i.e., symbols {0, 1, 2}, of downlink slots for Sub-6.
· Alt.3 
· Depend on the SSB index and RMSI CORESET configuration indexes
· Alt.4 
· TDM
· For 15kHz and 30kHz; first symbol of the slot(s)
· For 60khz and 120kHz; Symbol #0 and #6
· Alt 5
· TDM: the first 1 ~ 3 OFDM symbol(s) in the other half radio frame slots that contain SSB(s)
· FDM: in OFDM symbols with fixed time domain offset relations with SSB
· Alt 6
· TDM: the first 1 ~ 3 OFDM symbol(s) of the  correponding slot for slot based RMSI scheduling and the first OFDM symbol of the correpoding RMSI candidate time locations which reuse the nominal SSB time locations for 2/4 symbols non-slot transmission  
· FDM: in OFDM symbols with fixed time domain offset relations with SSB

· Offset granularity
· Multiple PRBs
· Unit of 1 PRB for 24 PRB CORESET
· Unit of 2 PRB for 42 PRB CORESET

Proposal 4:  

RMSI scheduling
· Both slot and non-slot based: Ericsson, Nokia, CATT, vivo,Xiaomi, ZTE

· RMSI CORESET configuration supports both slot-based and non-slot based scheduling 


RMSI CORESET configuration approach

· RMSI CORESET configuration is are defined by a table with a list of up to 2^x configuration indices. Each index represents a set of pre-defined configuration for the dependent properties (e.g., bandwidth (PRBs), frequency position, CORESET duration/OFDM symbols)
· Note: If any of the RMSI CORESET properties is identified totally independent on others, it can be defined separately from the table.


[bookmark: _Toc497414088][bookmark: _Ref498336916][bookmark: _Toc499307123]RMSI PDCCH monitoring window configuration
The agreements were reached for RMSI PDCCH monitoring window [90b-NR-04]:

	
Agreements (RAN1#90bis)
· There is an RMSI PDCCH monitoring window associated with an SS/PBCH block, which recurs periodically.
· Each window has duration of x consecutive slot(s).
· FFS: x is e.g., 1/2/4
· FFS: whether x is frequency band dependent
· FFS: whether x is configured in PBCH.
· The period, y, of the monitoring window can be the same as or different from the period of the SS/PBCH block burst set.
· FFS: y is e.g., 10/20/40/80/160 ms
· FFS: whether y is frequency band dependent
· FFS: whether y is configured in PBCH
· FFS: whether y is dependent on RMSI TTI
· FFS: whether there is a dependency between the period of the monitoring window and the period of the SS/PBCH block burst set.
· FFS: whether it is allowed to configure the overlapping monitoring windows associated with different SS/PBCH blocks
· FFS: Monitoring window time offset 
· From RAN1’s perspective, the considered values of the RMSI TTI for down-selection are 80ms and 160ms.


Agreements: ([90b-NR-04] CORSET and RMSI Configuration)

  RMSI timing configuration should consider at least the following properties: 
  RMSI PDCCH monitoring window periodicity y
  RMSI PDCCH monitoring window duration x
  FFS: RMSI PDCCH monitoring window offset
  FFS: The number of RMSI PDCCH monitoring occasions per SSB within the RMSI PDCCH monitoring window periodicity
  FFS: signaling details including what is captured in specifications and what is signaled in the MIB







[image: ]

Figure 2-3 Illustration of RMSI for PDCCH monitoring window (TDM)

In the following tables, interested companies are encouraged to provide their views on the RMSI with the PDCCH monitoring window. The discussion may need to consider both TDM/FDM of SSB and RMSI CORESET cases. 

[bookmark: _Toc498346707]Table 2.5‑1: Comments on the RMSI Timing Window Duration

	Company
Name 
	Window duration, x (slots)
	Is x Frequency band dependent?
	Is x Configured in PBCH?
	Additional Comments

	CATT
	No need to configure.
	No
	No
	With the WA that RMSI CORESET configuration is the same for all SSBs in the same burst set, a UE will have the information on all RMSI CORESET locations associated with any of the SSBs in the same burst set. It can be up to UE’s implementation whether to measure the RMSI CORESETs associated with other SSBs. Thus, there is no need to configure the RMSI timing window duration.


	vivo
	1/5/10
	No
	Yes
	It’s not clear that what the “consecutive slot(s)” refers to.  In our opinion, it should refer to consecutive slots with CORESET SCS. 
A configurable monitoring window can be beneficial for giving some scheduling flexibility in some cases where multiple CORESET instances exist within the monitoring window and NW is free to transmit the RMSI PDCCH in any of the instances. We think slot level window duration should be supported at least. It can be one slot or more than one slots depending on the NW configuration: 
· When the frequency resource is sufficient to support FDM operation between CORESET and SSB, 1 slot window duration can be configured for shortening access delay.  
· When signaling overhead is a concern, a sparser RMSI CORESET/PDSCH resource allocation may be deployed, then the window duration can be longer (e.g. 10 slots).
· If LTE-NR share the same carrier, it is normal to align their UL-DL configs to avoid additional inter-system interference. According to the already defined UL-DL configs in LTE, a 5-slot monitoring window can be acceptable for UE to capture CORESET in DL subframes.

	Spreadtrum
	No need to configure.
	No
	No
	No need to make a long window where a UE must perform several blind detections. As CATT said, it can be up to UE’s implementation whether to measure the RMSI CORESETs associated with other SSBs.

	Samsung
	No
	No
	No
	It would be preferred to limit the window duration to be 1 slot (same as LTE) to limit the UE complexity. Also, a single CORESET QCL’ed with the detected SSB should be mapped in the window to minimize UE power consumption. 

It would be preferred to maximize the commonality between RMSI timing configuration and OSI timing configuration

	Ericsson
	2 and 5 ms
	No
	Yes
	To avoid large overhead from signaling time position of CORESET, a larger window is used.

	Nokia
	2 CORESET occasions
	Yes
	No
	

	Huawei
	Yes
	Yes
	Yes
	To allow some flexibility for RMSI delivery at the gNB, it was proposed that the RMSI PDCCH monitoring occasions within a RMSI PDCCH monitoring window can be larger than one. Considering the signaling overhead and UE power consumption, the duration of the monitoring window x can be configured with only 1 bit in PBCH. The candidate values for 1 bit x can be dependent on carrier frequency. For example, x can be configured to be 1 or 2 slots for sub 6GHz and 2 or 4 slots for above 6GHz. It should be noted that in case of FDM between RMSI and SS/PBCH block, although the duration of RMSI PDCCH monitoring window is one slot, from network perspective the number of PDCCH monitoring occasions can be same as the number of SS/PBCH blocks within a slot, which is in line with the motivation to support FDM. From UE point of view, one PDCCH monitoring occasion can be selected without specification impact.

The duration of RMSI PDCCH monitoring window x is indicated with 1 bit. The candidate values of x is 1 or 2 for sub 6GHz and 2 or 4 for above 6GHz.


	Intel
	4 ms for FR1,
2.5ms for FR2
	Yes
	No
	Flexibility in placement of RMSI is need to support various SS/PBCH block periodicity. For example, the specification should somehow support the case when all SS/PBCH is being utilized by the network and also the same when 5msec SS/PBCH block perioidicity is being utilized.
Having a long monitoring window allows the network to deal with all the cases mentioned above. For further details, please refer to our contribution in R1-1720059

	ZTE
	1, 2, 4 CORESET occasions/slots
	No
	Yes
	The monitoring window duration can be configured together with whether CORESET is in slots with SSB or not, with 2 bits. If CORESET is in SSB slot, then a single slot monitoring window is sufficient, i.e. the slot with associated SSB. If CORESET is in non-SSB slots, then the monitoring window can be configured to 1, 2 or 4 slots.
· '00': RMSI CORESET in slot with SS/PBCH block, monitoring window duration= 1 slot
·  '01': RMSI CORESET in slot without SS/PBCH block, monitoring window duration = 1 slot
· '10': RMSI CORESET in slot without SS/PBCH block, monitoring window duration = 2 slot
'11': RMSI CORESET in slot without SS/PBCH block, monitoring window duration = 4 slot

	Qualcomm
	No
	No
	No
	RMSI CORESET timing is relative to the associated SSB timing. The SSB/RMSI CORESET timing offset can be fixed in specification. The window duration is fixed to be 1 slot.

	CMCC
	
	
	
	If RMSI CORESET can also be used for OSI or other common PDCCH transmission, there can be multiple RMSI CORESETs QCL’ed with each SSB. For example, in DL slots following the SSB slots during each SS burst set period, the RMSI CORESETs QCL’ed with different SSBs are also present to transmit other common PDCCHs.

	OPPO
	1 
	No
	No
	We don’t the see the clear benefits of support one RMSI PDCCH monitoring window while it bring additional complexity for the UE to blindly detect RMSI PDCCH. Further, it may be harmful for the UE to perform PDCCH combination within one RMSI TTI.
Therefore we propose  x is fiexd to 1.






[bookmark: _Toc498346708]Table 2.5‑2: Comments on the RMSI Timing Window Period(s)

	Company 
Name
	Properties
	Comments

	CATT
	Window period(s), y (ms)
	If only one-to-one association between the SSB and RMSI CORESET is supported, the monitoring window period should be the same as the SSB burst set period.

If one-to-many association between the SSB and RMSI CORESET instances is supported, monitoring window period can be configured to be the transmission period of the candidate RMSI CORESET instances, which should be configured to be the same or {½, ¼, 1/8}  of the SSB burst set period. 


	
	Frequency band dependent?
	It should be simpler to configure the window period depending on SSB burst period instead of frequency band.

	
	Configured in PBCH?
	Yes, if one-to-many association between the SSB and RMSI CORESET instances is supported.

	
	Dependent on RMSI TTI?
	No.

	
	Is y dependent on SSB burst periodicity?
	Yes, if one-to-many association between the SSB and RMSI CORESET instances is supported.

	
	Window period(s), y (ms)
	10/20/80ms 

	
	Band dependent?
	no

	
	Configured in PBCH?
	Yes
RMSI PDCCH window periodicity and window duration should be jointly encoded and some unreasonable combinations (e.g. 80ms periodicity + 1ms window duration) could be excluded. 
	Window periodicity
(ms)
	Window duration 
(slot with CORESET SCS)

	10
	1

	10
	5

	20
	1

	20
	5

	80
	5

	80
	10




	
	Dependent on RMSI TTI?
	Yes.
The largest monitoring cycle length can be the set as RMSI TTI while other candidate values may depend on usage scenarios.

	
	Is y dependent on SSB burst periodicity?
	Yes.
There may be some association between y and SSB period, one candidate value of y is the same as the default SSB period (20ms). 
However, RMSI PDCCH monitoring periodicity is not always expected to be configured the same with SSB periodicity. For instance, it is beneficial for RRM measurement purpose by using an SS burst set periodicity of 5 ms, but RMSI CORESET is not mandated to be transmitted so frequently, so that RMSI PDCCH monitoring window periodicity could be longer.



	Samsung

	Window period(s), y (ms)
	Assuming that the RMSI TTI is fixed in the spec (e.g., 80 or 160 msec), the window periodicity should be chosen to be able to provide RMSI PDSCH coverage in the worst case, i.e., the same worst coverage as PBCH. Given that the number of RMSI PDSCH symbols can vary from 2 to 12-14 OFDM symbols, it seems necessary to support window periodicity indication, i.e., the periodicity should be shorter if min-slots are used; and the periodicity can be longer if full slots are used. 1 bit periodicity indication may be sufficient both for TDM and FDM cases. 

	
	Frequency band dependent?
	The periodicity should be mainly determined dependent upon desired RMSI coverage. Not sure if it is necessary to design the indication table differently for different frequency band

	
	Configured in PBCH?
	Yes, to support desired RMSI coverage.

	
	Dependent on RMSI TTI?
	RMSI TTI should be fixed in the spec.

	
	Is y dependent on SSB burst periodicity?
	The initial cell-selection UEs only knows 20msec periodicity; and hence the spec design should be able to support this case. Additional optimization for different periodicity values for handover case can be less prioritized. 

	Ericsson
	Window period(s), y (ms)
	20 ms. For FDM, same periodicity as for SS/PBCH block can be considered-

	
	Frequency band dependent?
	No

	
	Configured in PBCH?
	No

	
	Dependent on RMSI TTI?
	No

	
	Is y dependent on SSB burst periodicity?
	No, since the UE does not know it yet.

	Nokia

	Window period(s), y (ms)
	{40ms, 80ms, 160ms}

	
	Frequency band dependent?
	No

	
	Configured in PBCH?
	Yes

	
	Dependent on RMSI TTI?
	No

	
	Is y dependent on SSB burst periodicity?
	No

	Huawei
	Window period(s), y (ms)
	For power saving, the SS/PBCH block burst set periodicity can be configured to be larger than 20ms, e.g. 40/80/160ms. The same motivation could be applied to RMSI transmission. Furthermore, the access delay can be reduced if the RMSI PDCCH monitoring window periodicity is smaller than 20ms. Therefore, there is some benefit if the RMSI periodicity can be the same as SS/PBCH burst set periodicity. On the other hand, SS/PBCH block can be used for measurement with small periodicity, where RMSI may not need a small periodicity due to overhead. Moreover, if the SS/PBCH block burst set periodicity is large, the RMSI with large periodicity and small number of repetitions may not provide sufficient coverage. Therefore, it is also necessary to support an RMSI periodicity different from the SS/PBCH block burst set periodicity.

The periodicity of the RMSI PDCCH monitoring window can be configured to either 20ms or the same as the SS/PBCH burst set periodicity. 


	
	Frequency band dependent?
	We don’t see the need to couple the RMSI PDCCH window periodicity with frequency since it essentially only impact the coverage and signaling overhead.

	
	Configured in PBCH?
	Yes. The periodicity of the RMSI PDCCH monitoring window can be configured to either 20ms or the same as the SS/PBCH burst set periodicity. 

	
	Dependent on RMSI TTI?
	No

	
	Is y dependent on SSB burst periodicity?
	As suggested above, y can either be a fixed value or same as the SS/PBCH burst set periodicity as signalled in PBCH. 

	Intel

	Window period(s), y (ms)
	40 ms
This assumes many-to-many is possible between SS/PBCH and CORESET resources.

	
	Frequency band dependent?
	No

	
	Configured in PBCH?
	No

	
	Dependent on RMSI TTI?
	No

	
	Is y dependent on SSB burst periodicity?
	No

	ZTE

	Window period(s), y (ms)
	· A quarter of RMSI TTI

	
	Frequency band dependent?
	No

	
	Configured in PBCH?
	No

	
	Dependent on RMSI TTI?
	Yes, but RMSI TTI can be fixed in spec.

	
	Is y dependent on SSB burst periodicity?
	No

	Qualcomm
	Window period(s), y (ms)
	The RMSI PDCCH monitoring window periodicity is not signaled in PBCH. The same design principles as SSB periodicity is applied. In particular, a default periodicity is defined in the specification. 
· The default periodicity is [20]ms for below-6GHz and [20]ms for above-6GHz.
· UE assumes a default periodicity when UE performs initial access
· NW can configure a periodicity when UE is in Idle and Connected state if multiple periodicity values are supported in NR. UE assumes a default periodicity if no periodicity configuration is provided to UE.

	
	Frequency band dependent?
	[Yes]

	
	Configured in PBCH?
	No

	
	Dependent on RMSI TTI?
	No

	
	Is y dependent on SSB burst periodicity?
	No

	OPPO
	Window period(s), y (ms)
	We think the window period may depend on the actural TBS of the RMSI since there would be optinal IEs within RMSI. For large TBS, small y shall be applied. Otherwise, for small TBS, large y shall be applied.

	
	Frequency band dependent?
	NO

	
	Configured in PBCH?
	May be.

	
	Dependent on RMSI TTI?
	

	
	Is y dependent on SSB burst periodicity?
	NO, We do not think the y should relate to SSB burst periodicity



[bookmark: _Toc498346709]Table 2.5‑3: Comments on the additional RMSI Timing Window properties

	Company 
Name
	Can monitoring windows be overlapped with associated with different SS/PBCH blocks?
	Is monitoring window time offset needed? 
	What is the number of RMSI PDCCH monitoring occasions per SSB within the RMSI PDCCH monitoring window periodicity?

	CATT
	No.
	No.
	1

	vivo
	Yes.
CORESET in the overlapped region could be shared by multiple SS blocks (e.g. SSB repetition cases). UE will try to decode PDCCH with the QCL assumption of between the PDCCH DMRS and its detected SS block.
	Yes.
We would like to define window offset as the time gap between the start of the window and the start of the slot containing the detected SS block. It consists of a single slot or a set of consecutive slots with CORESET SCS.
[bookmark: OLE_LINK2]With multiple configurable monitoring window durations, additional monitoring window offset information would be useful to provide some scheduling flexibility to the network. The following advantages would be brought in with window offset:
· Window offsets should be introduced to shift the monitoring window to next MBSFN subframes if NR reuse MBSFN subframes in LTE-NR DL shared scenarios.
· It allows urgent DL transmissions and enables the network to configure uplink transmission occasions in the 5ms time window of SS burst set. 
· It helps UE to avoid some unnecessary RMSI PDCCH monitoring, especially when sparser RMSI CORESET/PDSCH resource allocation may be deployed. 
The considered values of window offset are 0/1/2/3/4 slot with CORESET SCS. The following 4-bit lookup table should be considered for RMSI timing configuration.

	[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Bits in NR-PBCH
	Window periodicity
(ms)
	Window duration 
(slot with CORESET SCS)
	Window offset
(slot with CORESET SCS)

	0000-0100
	10
	1
	0/1/2/3/4

	0101
	10
	5
	0

	0110-1010
	20
	1
	0/1/2/3/4

	1011
	20
	5
	0

	1100-1110
	80
	5
	0/1/2

	1111
	80
	10
	0



	It may depend on the RMSI PDCCH monitoring duration and assoications between SSB/CORESET.

	Spreadtrum
	Yes
	Yes
	1

	Samsung
	One to one mapping between SSBs and QCLed CORESETs can be a baseline. Can discuss necessity of many to one mapping. 
	CORESET monitoring timing offset needs to be specified at least for the TDM case (see the below picture), e.g., based on the SSB index and mini vs. full slot PDSCH transmissions. For the FDM case, the timing offset can be hard coded in the spec. The timing offset reference can be the frame timing and/or detected SSB slot timing in RMSI numerology. 
[image: ]
	1, to minimize UE power consumption

	Ericsson
	Yes
	Yes
	1 per slot for slot based PDCCH
Up to 4 per slot for non-slot based PDCCH, but UE knows where based on SS/PBCH block 


	Nokia
	Yes
	Yes
	Two

	Huawei
	No
	Yes. In principle, it may not be proper to fix the RMSI PDCCH monitoring windows locations since this poses some restrictions on network operations. Therefore, the RMSI PDCCH monitoring window time offset needs to be indicated to the UE and the following two options can be considered:
· Option 1: An absolute time offset O to a fixed reference time locations
· Option 2: A relative time offset O to a reference SS/PBCH block
In both options, the RMSI PDCCH monitoring window time offset is indicated to the UE with a granularity of half radio frame.
	It depends on the RMSI PDCCH window duration x. For sub 6GHz, it can be 1 or 2; for above 6GHz it can be 2 or 4 for above 6GHz.
 

	Intel
	YES
	No
UE simply tries to find and perform blind decode of the RMSI PDCCH within the configured CORESET per slot.
	1 per slot for all slots configured for CORESET

	ZTE
	Yes
	Yes. 
PBCH indicates non-overlapping, partially overlapping or fully overlapping monitoring windows, and it depends on the monitoring window duration.
	1

	Qualcomm
	
	It is not needed when SSB and associated RMSI CORESET are multiplexed within a same DL slot

However, when SSB and associated RMSI CORESET are not multiplexed within a same DL slot, some timing offset between RMSI CORESET timing and SSB timing is needed. This timing might be fixed in the specification.

	1

	CMCC
	Yes
	Yes
	1 when the association between SSB and CORESET is one-to-one, and more than 1 when the association between SSB and CORESET is one-to-many.

	OPPO
	YES
	YES
	1



Summary:


Association between the SSB and its corresponding RMSI CORESET(s) in time-domain
· Alt.1 one-to-one (NULL) association between an SSB in a burst set and its corresponding RMSI CORESET
· FFS: the absence of RMSI CORESETs for some SSBs
· Supported by: Huawei, NTT DOCOMO, OPPO, Potevio, Qualcomm, Samsung, Sony, CATT, Xiaomi, InterDigital
· Alt.2 one-to-many association between the SSB and its corresponding RMSI CORESETs
· Supported by: Nokia, LGE, Samsung, vivo, ZTE, Lenovo, Motorola Mobility, Intel, CMCC
· Alt.3: both Alt.1 and Alt. 2 depending on the SSB periodicity
· Supported by: ?

RMSI Timing Window Periodicity:
· Configurable:
· 10/20/40/80/160 ms: AT&T
· 20ms or SSB burst set periodicity: Huawei
· 40/80/160ms: Nokia
· 10/20/80ms: vivo
· 10/20 for RMSI TTI of 80ms or 10/20/40ms for RMSI TTI of 160ms: Lenovo, Motorola Mobility
· 40ms: Intel
· Specified:
· Max{20, SSB burst set periodicity}: Ericsson
· Fixed 20ms: LGE, NTT DOCOMO (SIB1), Qualcomm (default)
· Fixed value: ZTE, Intel
· The same as the SSB burst set period: CATT
· Dependency on SS/PBCH burst set Periodicity 
· No: AT&T, Intel
· Yes: Ericsson, Huawei, OPPO, Potevio, CATT,Xiaomi
RMSI Timing Window Duration:
· 1/2/3/4 slots: AT&T, ZTE
· 1/2 slots: Huawei
· 2/4 slots: LGE, Lenovo, Motorola Mobility 
· 2 consecutive CORESETs: Nokia
· {1, 5, 10} slots: vivo
· 1 slot only: NTT DOCOMO, OPPO, Potevio, Qualcomm, Samsung, Sony, CATT
· 2/5 slots: Ericsson
· 4ms for FR1, 2.5ms for FR2: Intel

RMSI Timing Window Offset:
· A granularity of half radio frame: Huawei, Xiaomi
· Configurable with three values: 0 ms, 2 ms (if SS/PBCH SCS == 30 or 240 kHz) or 4 ms (if SS/PBCH SCS == 15 or 120 kHz), 10 ms: Nokia
· Define in the specification: Qualcomm, CATT
· {0, 1 ,2 ,3 ,4} slots: vivo
· Define in the specification for FDM, but configured for TDM: Samsung
· 0, 2, 4, 6 and 8 slots for 2 slot window and 0 and 5 slots for 5 slot window
· +5ms or -5ms (in the other half radio frame of SSB): Intel

Offline Proposals (To be discussed)

· Down-selection of the following alternatives on the association between the SSB and its corresponding RMSI CORESET(s) in time-domain:
· Alt.1 one-to-one (NULL) association between an SSB in a burst set and its corresponding RMSI CORESET
· Alt.2 one-to-many association between the SSB and its corresponding RMSI CORESETs
· Alt.3: both Alt.1 and Alt. 2 depending on the SSB periodicity

· RMSI Timing Window Periodicity:
· TBD

· RMSI Timing Window Duration:
· TBD

· RMSI Timing Window Offset:
· TBD

[bookmark: _Toc494974521][bookmark: _Toc497414089][bookmark: _Ref498336942][bookmark: _Toc499307124]FDM between SS/PBCH block and RMSI(CORESET/NR-PDSCH)
In RAN1#90bis, the following agreement was reached on FDM between SS/PBCH block and CORESET/NR-PDSCH:

	Agreement:
· NR supports FDM transmission of QCLed SS/PBCH block and RMSI (CORESET/NR-PDSCH), when
· there is no latency requirement for UE to acquire RMSI if the combined bandwidth for SS/PBCH block and RMSI (CORESET/NR-PDSCH) exceeds the UE capability, and
· the number of RMSI CORESETs to monitor within a slot is 1, and 
· the number of slots of a CORESET corresponding to an SS/PBCH block is 1 within a monitoring window for RMSI CORESET (NR-PDCCH)
· FFS: whether the number of slots of a CORESET corresponding to an SS/PBCH block can be larger than 1





For the remaining FFS, i.e., “whether the number of slots of a CORESET corresponding to an SS/PBCH block can be larger than 1”, we may have the following options: 

For FDM transmission of QCLed SS/PBCH block and RMSI (CORESET/NR-PDSCH), the number of slots of a CORESET corresponding to an SS/PBCH block can be:
· Option 1: only 1
· Option 2: larger than 1
· N=?
· Note: 
· We will also need to decide the CORESET configuration to be discussed in the later in the document

[bookmark: _Toc498346710]Table 2.6‑1: Comments for the number of slots of a CORESET when FDM SSB/CORESET

	Company 
Name
	Comments

	CATT
	The main benefit of FDM transmission is obtained by transmitting SSB and associated CORESET in the same OFDM symbols. Thus, no special benefit to support N > 1, which requires the transmission of RMSI CORESET in the non-SSB slots.

	vivo
	We prefer option2.
As discussed in 2.5, there may exist multiple instances of the PBCH-configured CORESETs within the monitoring window. These individual CORESET instances may locate in different slots and can be considered as the same CORESET. It seems there is no problem that UE can assume they are all QCL’ed with one SS block. 


UE with high capability is able to receive CORESET1 and SSB simultaneously, whereas minimum capability UE has to perform RF returning if the total bandwidth of FDM’ed SSB/CORESET has exceeded UE minimum bandwidth. Considering the time required by RF link adaption and MIB decoding, minimum capability UE is able to receive the CORESET instance in slot 2. Therefore, there are still benefits for fast access to support N>1.


	Spreadtrum 
	We prefer to support N=1 when FDM SSB/CORESET. The reason is the same as CATT.

	Samsung
	Single CORESET mapping within a monitoring window seems to be sufficient and straightforward. 

	Ericsson
	Our proposal is that pure FDM is a separate configuration where the monitoring window is the same as the SSB duration.

	Nokia
	As per last meeting agreement the number of monitoring occasions should be 1 corresponding to the SSB.

	Huawei
	Option 1 is preferred.

	Intel
	Option 1 for FDM case.

	ZTE
	Option 1 is preferred.

	Qualcomm
	The number of slots of a CORESET corresponding to an SS/PBCH block is 1 only e.g., having SSB and associated RMSI transmitted in the same slot.

	CMCC
	We support option 2.

	OPPO
	We support option 1




Summary:

The issue is associated with the discussion on RMSI PDCCH monitoring window configuration.


Suggested Offline Agreements

· For FDM transmission of QCLed SS/PBCH block and RMSI (CORESET/NR-PDSCH), the number of slots of a CORESET corresponding to an SS/PBCH block is down-selected from the following options:
· Option 1: only 1
· Option 2: N > 1
· FFS: N


[bookmark: _Toc497414090][bookmark: _Ref498336954][bookmark: _Toc499307125][bookmark: _Toc494974526]RMSI TTI for down-selection are 80ms and 160ms
In RAN1#91, we made the following agreement on the RMSI TTI 

	Agreements:
· RMSI TTI is 160ms from RAN1 perspective
Send an LS to RAN2 to inform the above decision 




[bookmark: _Toc499307127] RMSI PDSCH
Summary:

· NR-PDSCH carrying the RMSI is periodically transmitted with different redundancy versions within the TTI of the RMSI (NR-SIB1)
· Supported by: Ericsson, Huawei, Nokia, Intel


Suggested Offline Agreements

· NR-PDSCH carrying the RMSI is periodically transmitted with different redundancy versions within the TTI of the RMSI 
· FFS: more details

[bookmark: _Toc497414092][bookmark: _Toc499307128]Other Remaining Issues

[bookmark: _Toc498346713]Table 2.10‑1: Comments other remaining RMSI issues

	Company 
Name
	Comments

	Spreadtrum
	Considering the load balance, semi-static updating of the frequency position of RMSI CORESET, i.e. semi-static updating of the frequency position of initial active DL BWP, shall be supported in NR. 

	
	






[bookmark: _Toc494974531][bookmark: _Toc497414093][bookmark: _Toc499307129]Conclusion
TBD. 
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