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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This contribution is a revision of [1]. The following on NR RMSI delivery were agreed [2][3][4]:
[bookmark: _Ref129681832]RAN1 #89 Agreements:
· For frequency location of CORESET for RMSI scheduling and NR-PDSCH for RMSI, RAN1 will select one or more alternative(s) from followings in the next meeting
· Alt. 1: CORESET for RMSI scheduling and NR-PDSCH for RMSI are confined within the BW of one NR-PBCH
· Alt. 2: CORESET for RMSI scheduling is confined within the BW of one NR-PBCH and NR-PDSCH for RMSI is not confined within the BW of one NR-PBCH
· Alt. 3: CORESET for RMSI scheduling and NR-PDSCH for RMSI are not confined within the BW of one NR-PBCH
RAN1 #90 Agreements:
· The CORESET used to schedule the PDSCH containing the RMSI can be configured to contain also UE-specific PDCCH(s)
· There is an initial active DL/UL bandwidth part pair to be valid for a UE until the UE is explicitly (re)configured with bandwidth part(s) during or after RRC connection is established
· The initial active DL/UL bandwidth part is confined within the UE minimum bandwidth for the given frequency band
· FFS: details of initial active DL/UL bandwidth part are discussed in initial access agenda
· For frequency location of CORESET for RMSI scheduling and NR-PDSCH for RMSI, 
· CORESET for RMSI scheduling and NR-PDSCH for RMSI does not have to be confined within the same BW of corresponding NR-PBCH
· Bandwidth for CORESET and NR-PDSCH for RMSI is confined within the UE minimum bandwidth for the given frequency band
· [bookmark: OLE_LINK100][bookmark: OLE_LINK101]Discuss further whether NR supports FDM between SS/PBCH block and CORESET/NR-PDSCH
· CORESET is designed at least for TDM
· The single DL numerology to be used at least for RMSI, Msg.2/4 for initial access and broadcasted OSI is informed in NR-PBCH payload
· FFS: numerology to be used for paging, Msg.2/4 for other purposes and on-demand OSI
RAN1 #90 Working assumptions:
· For slot-based scheduling, the first DMRS position either on 3rd symbol or 4th symbol is configured by [PBCH].
· [bookmark: OLE_LINK82]Maximum time duration of a CORESET is 2 symbols if the first DMRS position of a PDSCH with slot-based scheduling is on 3rd symbol, and is 3 symbols otherwise
· This replaces the past working assumption linking DMRS position to bandwidth X
RAN1 NR AH#3 Agreements:
· NR supports both slot based PDCCH and PDSCH, and non-slot based PDSCH transmissions for RMSI/broadcast OSI delivery
· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol duration for the RMSI/broadcast OSI PDSCH is supported
· FFS the handling of PDCCH for non-slot based transmissions
· Before RRC configuration of TRS and CSI-RS for both below and above 6GHz
· [bookmark: OLE_LINK35]SSB  DMRS for PDSCH w.r.t Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz)
· FFS whether restriction on PDSCH scheduling
· SSB  DMRS for PDCCH w.r.t Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz)
In this contribution, we discuss some remaining issues of RMSI delivery mechanism for NR. 
RMSI transmission
[bookmark: OLE_LINK27]Bandwidth for RMSI 
[bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: OLE_LINK74][bookmark: OLE_LINK75]It was agreed that the CORESET and NR-PDSCH for RMSI is confined within UE minimum bandwidth for the given frequency band. Moreover, an initial active DL bandwidth part was introduced for UE before RRC connection is established. As discussed in [5], the initial active DL bandwidth part configured by PBCH is the maximum possible bandwidth for CORESET and NR-PDSCH for RMSI. The main reason to introducing the signaling is due to the fact that there is a possibility that the carrier bandwidth (e.g. 5MHz) can be smaller than the UE minimum bandwidth (20MHz). 
[bookmark: OLE_LINK78][bookmark: OLE_LINK79]Proposal 1: The CORESET for RMSI scheduling and NR-PDSCH carrying RMSI are confined within an initial active DL bandwidth part configured by PBCH.
PRB grid for RMSI
[bookmark: OLE_LINK8]For RMSI delivery, the UE needs to find the PRB grid for the CORESET for RMSI scheduling and NR-PDSCH carrying the RMSI due to “floating sync”. The offset of the SS/PBCH block is indicated in the PBCH, the offset is in the number of subcarriers of the SS/PBCH block numerology, the maximum bits for “floating sync” is 4 bits assuming the same numerology for SS/PBCH and RMSI.
According to the agreements in RAN4, 60 kHz is not mandatory for all UEs for sub 6GHz. Since the RMSI is delivered for all UEs, the numerology for RMSI can either be 15 kHz or 30 kHz. If the RMSI numerology indicated in the PBCH is larger than the SS/PBCH block, e.g. the RMSI numerology is 30 kHz and the SS/PBCH block numerology is 15 kHz, then the PRB grid with RMSI numerology is still unknown for the UE as illustrated in Figure 2. On the other hand, if the RMSI numerology is smaller than or equal to the SS/PBCH block numerology, the PRB grid with SS/PBCH block numerology is aligned with the PRB grid with RMSI numerology due to the nested RPB structure.
[image: ]
[bookmark: _Ref494381170]Figure 2 PRB grid of different numerologies
The PRB grid for RMSI should be indicated in PBCH, i.e. 1 bit indication as shown in Table 1. 
[bookmark: _Ref494381399]Table 1 PRB grid for RMSI numerology 
	Bit field
	Offset (RMSI numerology) between PRB grid with RMSI numerology and PRB grid with SS/PBCH block numerology 

	0
	0 PRB 

	1
	Half PRB  


Proposal 2: The offset between PRB grid with RMSI numerology and PRB grid with SS block numerology is indicated in PBCH.
CORESET configuration for RMSI
The CORESET configuration for RMSI should at least include the following parameters: 
· [bookmark: OLE_LINK16][bookmark: OLE_LINK19]Frequency location of CORESET(s), e.g. starting position, frequency pattern of the CORESET in frequency domain etc. 
· [bookmark: OLE_LINK10]Size of the CORESET 
· [bookmark: OLE_LINK28][bookmark: OLE_LINK31]Time occasion of CORESET(s) including time location information etc. 
[bookmark: OLE_LINK24][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK4][bookmark: OLE_LINK9]In principle, the flexibility of CORESET configuration for RMSI reception can be limited in order to keep the payload size for NR-PBCH to be small. For frequency-domain resources of the CORESET for RMSI, at least a starting position and a size of CORESET should be configured. For example, one or multiple (2 as a starting point) starting positions can be (pre-) configured with offsets relative to the center of the SS block. In the case of multiple starting (or central) positions are (pre)configured, NR-PBCH can be used to carry the starting position. For the size of the CORESET, it can be in terms of PRB, REG bundle or CCE. For example, it can be set as a multiple of 6 PRBs (e.g. 6×2n×M) according to the discussion in [6]. Furthermore, considering the possible aggregation levels {4, 8, 16}, the candidate values of the size of the CORESET can be {24, 48, 96} PRBs.   
[bookmark: OLE_LINK91][bookmark: OLE_LINK89][bookmark: OLE_LINK90][bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: OLE_LINK80][bookmark: OLE_LINK81]To maximize the frequency diversity for NR-PDCCH transmission, a distributed resource configuration spanning over a bandwidth within the initial active bandwidth part can be considered. In this distributed mapping pattern for the CORESET, 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 the configured size of the COERSET. In the case of multiple comb patterns are defined, NR-PBCH can be used to carry the comb pattern including comb number, comb interval etc. Furthermore, a scalable design based on the size of the initial active bandwidth part should be supported. An example can be found in Figure 1, comb 2 is assumed for 5MHz initial active bandwidth part and comb 4 is assumed for 20MHz initial active bandwidth part by default.  
[image: C:\Users\l00380977\AppData\Roaming\eSpace_Desktop\UserData\l00380977\imagefiles\EF7EE61B-A322-4877-8F5A-6CA493D0EEDF.png]
[bookmark: _Ref490124380][bookmark: _Ref490124579][bookmark: OLE_LINK56][bookmark: OLE_LINK59] Figure 1 Predefined frequency patterns for different CORESET bandwidth
[bookmark: OLE_LINK107][bookmark: OLE_LINK108][bookmark: OLE_LINK115]Proposal 3: A distributed mapping pattern for the CORESET for RMSI within the initial active bandwidth part should be supported.
For the configuration of time location of CORESET for RMSI, the following principles should be considered: 
· [bookmark: OLE_LINK44][bookmark: OLE_LINK45]Compatible with the case of LTE-NR coexistence
· Facilitating PBCH soft combining within 80ms PBCH TTI
It is preferable that the CORESET for RMSI can be configured in the same time location as SS block (Alt.1: FDM with SS block), this can avoid another round of beam sweeping. On the other hand, as agreed in RAN4 the minimum channel bandwidth may be in the same order as the SS block bandwidth in some cases. In this case, the remaining resources other than the SS block could be limited, which may pose a restriction of supported aggregation level especially for higher aggregation level, e.g. 8 or 16. In order to support higher AL, the CORESET for RMSI can be configured in the time location out of SS block (Alt.2: TDM with SS block) which had been agreed at last meeting. In case of TDM, the possible time locations can include symbol# {0, 1, 2, 3} or {0, 1, 6, 7} based on different numerology and frequency band. To support PBCH soft combining, the configuration information for time location in NR-MIB should be kept fixed within 80ms PBCH TTI, e.g. time location information can be implicitly derived by some predefined rule. An illustration for FDM and TDM between SS block and COREST for RMSI can be found in Figure 2.   

                               
[bookmark: _Ref494382658]                             Figure 2  An illustration of multiplexing between CORESET for RMSI and SS block
 In addition, when the supported aggregation level(s) for NR-CSS is high, the CORESET for RMSI can be located in both of the time location same with SS block and outside of SS block (Alt.3: FDM +TDM). It can maximize the resource utilization within 5ms time window.  Based on the above discussion, it can be found that the configuration of CORESET related to transmission occasion include the following three alternatives: 
· [bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK104]Alt.1: FDM between CORESET for RMSI and SS block 
· Alt.2: TDM between CORESET for RMSI and SS block
· Alt.3: Combination of FDM and TDM between CORESET for RMSI and SS block
[bookmark: OLE_LINK105][bookmark: OLE_LINK106]Furthermore, at last meeting, a configurable numerology for RMSI by PBCH payload had been agreed. When the configured numerology for RMSI is same with PBCH, FDM between CORESET for RMSI and SS block can be considered to avoid another round of beam sweeping. Otherwise, TDM between CORESET for RMSI and SS block can be considered to reduce UE’s retuning complexity between different numerology. 
[bookmark: OLE_LINK92]Considering different scenarios (e.g. LTE-NR co-existence) and design requirement for CORESET of RMSI, a flexible configuration carried by PBCH can be used to indicate one of the alternatives. Besides, the maximum time duration of a CORESET can be derived by the first DMRS location configured by PBCH as agreed in [3], and the time duration of the CORESET for RMSI, i.e. number of OFDM symbols, can be derived by the size of the CORESET, frequency pattern in one symbol. 
[bookmark: OLE_LINK116][bookmark: OLE_LINK117]Proposal 4: A flexible configuration that includes FDM, TDM or combination of both, carried by PBCH should be supported.
For periodicity information of CORESET configuration, if the periodicity is predefined for RMSI same as SIB1 in LTE, then the periodicity of CORESET for RMSI can also be directly derived by this RMSI periodicity. Thereby, the configuration of periodicity for CORESET for RMSI is also not needed.
Besides, some other configuration information should be directly derived by specification. For example, REG bundle size, CCE-to-REG mapping (i.e., time-first or frequency-first) and transmission type (i.e., distributed or localized) can be predefined for the CORESET of RMSI. In summary, the details on CORESET information are still being discussed and as summarized in [6], the total bits to be defined for RMSI scheduling information would need to be updated. 
Based on the above discussions, we have the following proposal for RMSI transmission. 
[bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK83][bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK57][bookmark: OLE_LINK58]Proposal 5: The CORESET configuration for RMSI includes at least the following parameters
· [bookmark: OLE_LINK72][bookmark: OLE_LINK73]Frequency location of CORESET(s) including starting position, frequency pattern of the CORESET in frequency domain etc.
· [bookmark: OLE_LINK11][bookmark: OLE_LINK23]Size of the CORESET
· Time occasion of CORESET(s) including time location information etc. 
Relationship between OSI CORESET and RMSI CORESET
It was agreed that the CORESET for RAR is contained in RACH configuration, and the following progress was achieved in last RAN1 meeting: 
· For broadcast OSI COREST, to down-select one from the following alternatives
· Alt.1: the instances for broadcast OSI CORESET are the same as or a subset of instances derived from the CORESET signalled in PBCH for RMSI
· FFS whether it’s the same or a subset of
· Alt.2: the CORESET configuration is signalled in RMSI
· Alt 3: a combination of Alt 1 and Alt 2
· FFS whether or not to share, at least partially, broadcast OSI CORESET and paging CORESET
In order to provide good flexibility and extend the search space capacity for delivering these broadcast or group common information, e.g., OSI, paging, etc., it is natural to adopt the similar solution for the independent configurations of the CORESET(s) for OSI and paging from the CORESET of RMSI. Therefore, Alt 2 is preferred which can achieve the result of Alt 1 by implementation. In addition, it could be considered to configure independent CORESETs for scheduling OSI and paging. 
Proposal 6: RMSI can be used to indicate the CORESET configuration for other system information and paging.
Conclusion
In this contribution, the RMSI delivery and the CORESET configuration for RMSI are discussed. The proposals in this paper are summarized as follows:
Proposal 1: The CORESET for RMSI scheduling and NR-PDSCH carrying RMSI are confined within an initial active DL bandwidth part configured by PBCH.
Proposal 2: The offset between PRB grid with RMSI numerology and PRB grid with SS block numerology is indicated in PBCH.
[bookmark: _GoBack]Proposal 3: A distributed mapping pattern for the CORESET for RMSI within the initial active bandwidth part should be supported.
Proposal 4: A flexible configuration that includes FDM, TDM or combination of both, carried by PBCH should be supported.
Proposal 5: The CORESET configuration for RMSI includes at least the following parameters
· Frequency location of CORESET(s) including starting position, frequency pattern of the CORESET in frequency domain etc.
· Size of the CORESET
· Time occasion of CORESET(s) including time location information etc. 
Proposal 6: RMSI can be used to indicate the CORESET configuration for other system information and paging.
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