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1 Introduction
The following agreements were reached from e-mail discussion [RAN1#90b-NR-04]:
· (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 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 CORESET(s) should consider at least the following properties: 
· bandwidth (PRBs) 
· frequency position (frequency offset relative to SS/PBCH block) 
· A set of OFDM symbol indices in a slot corresponding to a CORESET 
· FFS: signaling details including what is captured in specifications and what is signaled in the MIB 
· 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
· Note: QCL per CORESET vs. search space is up to control session’s decision.

For CORESET and search space configurations, the following agreements are available from e-mail discussion [RAN1#90b-NR-23]:
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 following agreements from RAN1#90b with regards to the definition of the search space is relevant for the discussion. 
Agreements:
· One set of the following parameters determines a set of search spaces
· A set of aggregation levels
· The number of PDCCH candidates for each aggregation level
· PDCCH monitoring occasion for the set of search spaces

This contribution discusses RMSI CORESET configuration details. 
2 Overview 
Based on the available agreements so far, at least the following properties are necessary for determining an RMSI CORESET:
· Bandwidth (PRBs)
· frequency position (frequency offset relative to SS/PBCH block)
· A set of OFDM symbol indices in a slot corresponding to a CORESET 
· REG bundle size
· Transmission type
· RS type, i.e., WB vs. SB
· QCL’ed RS
· A set of search spaces
· A set of aggregation levels 
· The number of PDCCH candidates for each aggregation level 
· PDCCH monitoring occasion for the set of search spaces. 
· PDCCH monitoring periodicity
· PDCCH monitoring slot offset
· FFS: PDCCH monitoring window size
In addition, UE also needs to know the RMSI timing configuration, which is characterized by at least the following information.
· RMSI PDCCH monitoring window periodicity y
· RMSI PDCCH monitoring window duration x
· FFS: RMSI PDCCH monitoring window slot offset
From the e-mail discussion [RAN1#90b-NR-23], it was agreed to fix the following two parameters corresponding to a set of search spaces mapped to the RMSI CORESET. 
· A set of aggregation levels 
· The number of PDCCH candidates for each aggregation level 
Given the very limited payload available in the PBCH to configure RMSI CORESETs and RMSI timing, some other parameters need to be fixed in the specification, i.e., only essential information that are necessary to be informed for the UE to receive RMSI PDCCH/PDSCH needs to be included. 
In order to deal with FDM and TDM mapping of RMSI and SSBs, it seems necessary to make frequency domain mapping information (i.e., PRBs and frequency position) configurable. In addition, to cope with both mini-slot and non-mini slot mapping, and also to provide sufficient PDCCH coverage, it seems also necessary to make the set of OFDM symbol indices for a CORESET configurable. In consideration of the multi-beam RMSI and mini-slot mapping, the CORESET OFDM symbols should be determined by using the common PBCH contents and SSB index jointly. 
The RMSI timing configuration needs to be known at the UE when trying to decode RMSI. The timing configuration can be either fixed in the spec, or at least partially configured by the network, for network resource utilization flexibility/efficiency. As both mini-slots and full slots are agreed to be used for RMSI transmissions, hard-coded timing can be ruled out. The multi-beam RMSI mapping in time domain should take at least the mini-slot or full-slot mapping of RMSI; and the beam-specific RMSI timing needs to be conveyed via the SSB index. The OSI timing configuration should be done similar to RMSI timing configuration, i.e., some information conveyed via PBCH and SSB index should be jointly used. 
Then, the rest of information does not seem to be essential to be made configurable, although this may imply that some system-operation flexibility might be lost. As we will see later in this contribution, it is already challenging to indicate only those proposed information in the PBCH, given the maximum payload of [8] bits excluding the numerology indication. 
Proposal 1: RMSI CORESET parameters are configured according to Figure 1:
· 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


FIGURE 1
Proposal: The following parameters are fixed in the specification for the configuration of RMSI CORESETs and RMSI timing:
· 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
Section 3 will consider how to configure the following remaining parameters:
· Bandwidth (PRBs)
· frequency position (frequency offset relative to SS/PBCH block)
· A set of OFDM symbol indices in a slot corresponding to a CORESET 
· RMSI timing configuration 
· PDCCH monitoring occasion
3 RMSI CORESET Configuration 
1 
2 
3 
Frequency Domain Parameters
Frequency domain parameters include:
· Bandwidth (PRBs)
· frequency position (frequency offset relative to SS/PBCH block)
The frequency domain parameters of RMSI CORESET configuration should be able to allow both FDM and TDM of the RMSI and SSBs. The two properties to be considered for the frequency domain parameters include number of PRBs and frequency offset relative to SSB. With regards to the offset configuration, it is noticed that floating sync indication ([4] bits to indicate 12 states) is also relevant to the frequency position. As 4 states out of 16 states generated from the 4-bit field are reserved at the moment, it would be beneficial to consider indication of the frequency information, also including the 4-bit floating sync indication. 
In addition, the frequency offset indication granularity needs to be RE level, given the floating sync indication is in terms of REs. Then the question is which SCS needs to be assumed for the RE definition here, between SSB SCS and RMSI SCS. To directly configure the RMSI CORESET BW in RMSI PRB grid, it is proposed to use RMSI SCS for the RE definition for defining the REs used for the frequency offset indication. 
There are four different cases for the relations of RMSI SCS and SSB SCS (the ratio of SS SCS to RMSI CORESET SCS is denoted as rSCS):
· Case 1: RMSI SCS is the same as SSB SCS, i.e., rSCS = 1, which contains the sub-cases of SSB SCS = RMSI SCS = 15 kHz, or 30 kHz, or 120 kHz.
· Case 2: RMSI SCS is wider than the SSB SCS, and rSCS = 1/2, which contains the sub-case of SSB SCS = 15 kHz and RMSI SCS = 30 kHz.
· Case 3: RMSI SCS is narrower than the SSB SCS, and rSCS = 2, which contains the sub-cases of SSB SCS = 30 kHz and RMSI SCS = 15 kHz, SSB SCS = 120 kHz and RMSI SCS = 60 kHz, and SSB SCS = 240 kHz and RMSI SCS = 120 kHz.
· Case 4: RMSI SCS is narrower than the SSB SCS, and rSCS = 4, which contains the sub-case of SSB SCS = 240 kHz and RMSI SCS = 60 kHz.
Note that the necessity of supporting Case 4, for TDM and/or FDM, should be carefully evaluated, in order to try to save the overhead of indication in MIB. 
The indicated RE offset values are determined differently dependent upon the case. For example, to support FDM of SSB and RMSI, the specification may need to describe the frequency offset reference in RMSI numerology. FIGURE 1 illustrates FDM mapping cases of SSB and RMSI. If the frequency offset reference is the SSB center frequency as shown in FIGURE 1, the number of REs in RMSI numerology corresponding to the half SSB BW can be different, depending on the selected case; and the offset values are determined accordingly. The three figures from the left to the right correspond to Case 1, Case 2 and Case 3. Hence, the RMSI SCS needs to be jointly considered, when constructing frequency domain indication information. 
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FIGURE 1
Proposal: For indicating the frequency-domain properties of the RMSI CORESETs, RMSI numerology and floating sync should be considered jointly with other CORESET configuration bits. 
Proposal: Frequency offset is indicated in terms of number of REs defined by the RMSI numerology; and the BW is indicated in terms of number of RBs defined by the RMSI numerology. 
The indication of frequency-domain properties for TDM mapping could be more involved, especially when trying to support RMSI mapping in the minimum channel BW. The SSB location is determined by sync raster, while the RMSI CORESET BW location is determined by channel raster. As sync raster grid is coarse to minimize the number of SS entries (BW corresponding to 4 PRBs and one channel raster), operators who want to deploy NR in a minimum channel BW will likely have only a single choice to map the SSB in the minimum BW. The relative BW position within the minimum channel BW will be determined differently dependent upon the operator’s assigned band, as illustrated in FIGURE 2. On the other hand, the RMSI CORESET BW is better to be at least 24 PRBs to support up to 4 CCE aggregations level in each OFDM symbol. When minimum channel bandwidth corresponds to 25 PRBs, the RMSI CORESET BW is tightly fit within the minimum channel BW. To cope with the operator specific BWs, the relative frequency offset from the SSB center (determined by the sync raster) to the RMSI CORESET BW center needs to be indicated. 


FIGURE 2
Proposal: The indication table of the frequency-domain properties of the RMSI CORESETs are designed differently, depending on (1) the numerology relation of the RMSI and SSB; and (2) FDM vs. TDM of RMSI and SSB. 
The interpretation of the X-bit frequency domain indication field of the RMSI CORESET configuration bits may be designed to be dependent upon the numerology relation, e.g., rSCS. Among the 2X states generated by the X bit field, a few states may correspond to FDM, and the rest of the states may correspond to TDM. Here, it is assumed that the X bit field is constructed using the [4]-bit floating sync (e.g. RE-level offset ΔF1) and x additional bits to indicate the frequency domain PRB-level offset (e.g. ΔF2). The final frequency offset ΔF = ΔF2*12+ ΔF1. In our accompanied contribution [1], it is proposed that the number of bits for floating sync can be limited to 4, and UE assumes the PRB grid of SS/PBCH block is aligned with the RE grid of RMSI such that no indication of the granularity smaller than a RMSI SCS is needed (e.g. half SCS indication when RMSI SCS is larger than channel raster). 
As discussed earlier, for FDM, the offset indication can be simpler, i.e., in PRB-level, only indicating the direction (either positive direction or negative direction) of the frequency offset reference could be sufficient. Note that the CORESET BW is indicated separately.
When rSCS = 1:
TABLE 1
	F-domain indication bit field states (including floating sync)
	F-domain indication bit field states (excluding floating sync)
	PRB-level offset ΔF2
	RE-level offset ΔF1

	0-11 (corresponding to FDM)
	0 (corresponding to FDM)
	CORESET BW /2+20/2
	0:1:11 

	12-23 (corresponding to FDM)
	1 (corresponding to FDM)
	- (CORESET BW /2+20/2)
	-11:1:0


When rSCS = 1/2:
TABLE 2
	F-domain indication bit field states (including floating sync)
	F-domain indication bit field states (excluding floating sync)
	PRB-level offset ΔF2
	RE-level offset ΔF1

	0-11 (corresponding to FDM)
	0 (corresponding to FDM)
	CORESET BW /2+20/2/2
	0:1:11 

	12-23 (corresponding to FDM)
	1 (corresponding to FDM)
	- (CORESET BW /2+20/2/2)
	-11:1:0


When rSCS = 2:
TABLE 3
	F-domain indication bit field states (including floating sync)
	F-domain indication bit field states (excluding floating sync)
	PRB-level offset ΔF2
	RE-level offset ΔF1

	0-11 (corresponding to FDM)
	0 (corresponding to FDM)
	CORESET BW /2+20/2*2
	0:1:11 

	12-23 (corresponding to FDM)
	1 (corresponding to FDM)
	- (CORESET BW /2+20/2*2)
	-11:1:0


When rSCS = 4:
TABLE 4
	F-domain indication bit field states (including floating sync)
	F-domain indication bit field states (excluding floating sync)
	PRB-level offset ΔF2
	RE-level offset ΔF1

	0-11 (corresponding to FDM)
	0 (corresponding to FDM)
	CORESET BW /2+20/2*4
	0:1:11 

	12-23 (corresponding to FDM)
	1 (corresponding to FDM)
	- (CORESET BW /2+20/2*4)
	-11:1:0



For TDM to support the minimum channel BW operation, on the other hand, the configuration is more complicated, to fit the RMSI BW in the minimum channel BW. 
When rSCS = 1, and CORESET BW ≠ 32:
TABLE 5
	F-domain indication bit field states (including floating sync)
	F-domain indication bit field states (excluding floating sync)
	PRB-level offset ΔF2
	RE-level offset ΔF1

	24-83 (corresponding to TDM)
	2:6 (corresponding to TDM)
	-2:1:2
	-6:1:5 


When rSCS = 1, and CORESET BW = 32 (for over6 GHz only):
TABLE 6
	F-domain indication bit field states (including floating sync)
	F-domain indication bit field states (excluding floating sync)
	PRB-level offset ΔF2
	RE-level offset ΔF1

	24-179 (corresponding to TDM)
	2:14 (corresponding to TDM)
	-6:1:6
	-6:1:5 


When rSCS = 1/2, and CORESET BW ≠ 32 or 16:
TABLE 7
	F-domain indication bit field states (including floating sync)
	F-domain indication bit field states (excluding floating sync)
	PRB-level offset ΔF2
	RE-level offset ΔF1

	24-59 (corresponding to TDM)
	2:4 (corresponding to TDM)
	-1:1:1
	-6:1:5 


When rSCS = 1/2, and CORESET BW = 32 or 16 (for over6 GHz only):
TABLE 8
	F-domain indication bit field states (including floating sync)
	F-domain indication bit field states (excluding floating sync)
	PRB-level offset ΔF2
	RE-level offset ΔF1

	24-107 (corresponding to TDM)
	2:8 (corresponding to TDM)
	-3:1:3
	-6:1:5 


When rSCS = 2:
TABLE 9
	F-domain indication bit field states (including floating sync)
	F-domain indication bit field states (excluding floating sync)
	PRB-level offset ΔF2
	RE-level offset ΔF1

	24-83 (corresponding to TDM)
	2:6 (corresponding to TDM)
	-4:2:4
	-6:1:5 


When rSCS = 4:
TABLE 10
	F-domain indication bit field states (including floating sync)
	F-domain indication bit field states (excluding floating sync)
	PRB-level offset ΔF2
	RE-level offset ΔF1

	24-83 (corresponding to TDM)
	2:6 (corresponding to TDM)
	-8:4:8
	-6:1:5 



Time Domain Parameters
Time domain parameters include:
· A set of OFDM symbol indices in a slot corresponding to a CORESET 
· RMSI timing configuration (i.e., PDCCH monitoring occasions for RMSI)
According to the decision in [RAN1#90b-NR-23], SSBs are QCL’ed with CORESETs rather than search spaces. A CORESET can potentially be used for multiple sets of search spaces, e.g., for common and UE specific sets of search spaces. According to the decision, the CORESET timing does not need to be separately indicated, and the CORESET timing is determined as a union of the timing instances for the configured search spaces for the CORESET. As discussed in Section 2, it would be sufficient if PBCH can provide RMSI monitoring timing. 


FIGURE 4
Figure 4 illustrates the SIBx CORESET transmission timing. The CORESETs that are QCL’ed with different SSBs are TDM’ed. The UE who detects SSB i should be able to find the timing for CORESET i, which is QCL’ed with the SSB. As discussed in Section 2, the UE can find the timing with jointly considering SSB index i and the commonly signalled PBCH contents. 
In the following, configuration of the RMSI timing parameters are discussed. 
· Periodicity and number of repetitions within RMSI TTI: According to the RAN1-NR-AH3 agreements, mini-slot or full-slot can be used for RMSI PDSCH transmissions. This results in more than 3x coding rate variations on PDSCH used for RMSI, and hence it seems necessary to allow variable number of repetitions to support worst case coverage. To be precise, assuming the minimum channel bandwidth of 5 MHz is configured as initial BWP BW, the number of REs that can be used for RMSI PDSCH can be as small as 4x25x12 = 1200 REs for 4 symbol PDSCH transmitted in a mini slot, and as large as 12x25x12 = 3600 REs for 12 symbol PDSCH transmitted in a full slot. The signalling of variable number of repetitions to fulfil the desired coverage may result in two different consequences: 
· Alt 1. Variable numbers of CORESET burst sets (e.g., 4, 8 or [16] repetitions of burst sets) are mapped in a fixed RMSI TTI duration (e.g., 80 msec). The resulting RMSI duty cycles will be 20, 10 and [5] msec, respectively for 4, 8 and [16] repetitions.
· In this case RMSI PDCCH monitoring window periodicity x becomes: 20, 10 or [5] msec, and the periodicity is configured by the common PBCH payloads. 
· Alt 2. RMSI TTI duration scales with the number of repetitions (e.g., 4, 8 or [16] repetitions), while the RMSI duty cycle is kept the same (e.g., 20msec). The resulting RMSI TTI durations will be variables among 80, 160 and [360] msec respectively for 4, 8 and [16] repetitions. 
· In this case RMSI PDCCH monitoring window periodicity x is fixed in the specification, e.g., 20; and the RMSI TTI needs to be configured by the common PBCH payloads, selected from 80, 60 and [360] msec. 
Between these two alternatives, Alt 1 is preferred for UE power saving. 
· Slot location: can be determined as ns = oRMSI + f(nss, iss)
· iss : SSB index, i.e., 0, 1, …, L-1, where L is determined band specifically
· nss(iss): Slot number in RMSI numerology for mapping the first OFDM symbol of SSB iss 
· 
oRMSI  {0, o1, o2, …}, where oRMSI is the slot offset according to the configured RMSI numerology with respect to the slot to map SSB iss. 
· When oRMSI = 0, the RMSI and SS blocks are mapped in FDM manner (or when FDM is signalled, UE shall assume oRMSI = 0).
· Different functions f(nss, iss) may be used, e.g., depending on how many CORESETs are mapped per slot and/or other commonly signalled PBCH contents across the SSBs. It is expected that either one or two CORESETs can be mapped per slot, considering the support of FDM and TDM of RMSI and SS blocks, and also the support of slot-based and non-slot based transmissions. 
· OFDM symbol indices: 
· The number of OFDM symbols can be jointly determined with the RMSI CORESET BW, to be able to configure 48 or 96 REGs. 
· The starting OFDM symbol may be determined as a function of at least one of the RMSI numerology, the SSB numerology, number of CORESETs per slot, and iss. In particular FDM/TDM of RMSI PDSCH and SSB clearly affects the CORESET time domain mapping.
The slot location and OFDM symbol indices need to be jointly considered, with considering FDM vs. TDM. 
· Case 1: When RMSI PDSCH and SSB are FDM’ed: 
· Slot location for the RMSI PDCCH: The RMSI PDSCH and SSB are time aligned. Hence, the slot location ns = nss(iss).
· CORESET OFDM symbols: A CORESET for the PDSCH which is FDM’ed with an SSB, should be located either on or before the set of OFDM symbols with SSB. 
· Option 1: The OFDM symbols prior to the OFDM symbols with the SSB are configured for the CORESET, as illustrated in Figure 5 and Figure 6. This option is applicable regardless of whether the system is coverage-limited or not, and whether same/different numerologies are used for the RMSI and SSB. If only a single option can be supported in NR, it is proposed to support Option 1. 
· Option 2: The OFDM symbols on a subset of OFDM symbols with the SSB are configured for the CORESET, as illustrated in Figure 7 and Figure 8. This option may be applicable if the network is willing to operate in a smaller coverage in exchange of potentially smaller overhead, and if the network can have a wide initial active BW (although it will be limited by the UE capability). Hence, this option is less preferred than Option 1. On the other hand, if Option 2 is adopted, the RMSI PDSCH rate matching may need special attention. The time-frequency resources in the FDM’ed region for the RMSI mapping is quite limited, and some resources are occupied by RMSI PDCCH. If UE rate matches around CORESET BW, only half of the FDM’ed region is available for RMSI PDSCH transmissions; this is likely to result in serious coverage issues. Hence, in case of FDM mapping, when receiving the RMSI PDSCH, it is proposed for UE to rate match around the PRBs corresponding to the RMSI PDCCH, and assume that all the other REs in the initial active BWP are available for RMSI PDSCH transmissions (if scheduling assignment indicates those REs to receive the RMSI PDSCH). 
It is noted that the combination of RMSI SCS of 60kHz and SSB SCS of 240kHz brings challenges in mapping the CORESETs, because the number of OFDM symbols in RMSI numerology becomes only ¼-th of the number of OFDM symbols in SSB, for the same time duration. The number of OFDM symbols prior to an SSB burst is only 2, while the SSB burst has four SSBs. In such a case, two RMSI CORESETs may need to be mapped on one OFDM symbol, as illustrated in Figure 5. 
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[image: ]FIGURE 5 FDM case: CORESET mapping Option 1 – 48/96 total PRBs
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FIGURE 6 FDM case: CORESET mapping Option 1 – 24 total PRBs
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[image: ]FIGURE 7 FDM case: CORESET mapping Option 2 – 48/96 total PRBs
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FIGURE 8 FDM case: CORESET mapping Option 2 – 24 total PRBs
· Case 2: When RMSI PDSCH and SSB are TDM’ed: 
· Slot location for the RMSI PDCCH: in this case, it is expected that the RMSI burst set and SSB burst set are TDMed. The starting slot of an RMSI burst set can be configured to be separate from the last slot to map SSB. Since SSBs are mapped in a half-frame duration, to allow for the full mapping of SSBs, at least oRMSI = 5msec should be supported. Also for the network to implement 5msec periodicity of SSBs, the offset of oRMSI ~ 2.5msec may also need to be supported. Then, within the RMSI burst set duration, RMSI PDCCH monitoring windows can be evenly placed for the SSBs with different SSB indices, with possible exception for allowing for mapping urgent uplink transmissions. When one RMSI PDCCH monitoring window is mapped per slot, the monitoring windows corresponding to the multiple SSBs can be sequentially mapped across the same number of slots, based on the increasing order of the SSB index, e.g.,, ns = oRMSI + iss. When two RMSI PDCCH monitoring windows are mapped per slot, the slot index can be found by, e.g., ns = oRMSI + floor(iss/2).
· CORESET OFDM symbols: if the SSB burst set and the RMSI burst set are TDM’ed, the CORESET OFDM symbol mapping can be done in conventional manner. The only thing may need to be further considered here is the dependency of the CORESET OFDM symbol positions upon the number of CORESETs mapped per slot. 
Overall signalling
The overall signaling proposed in this section is summarized below:
· Information 1: # of OFDM symbols & RMSI CORESET BW – 2 bits. 
· Note 1: In case of FDM with rSCS=4 (i.e,. 240kHz SSBs and 60kHz data), only two OFDM symbols are available prior to four consecutive SSBs. Then, in order to map CORESETs and SSBs by one-to-one mapping, four CORESETs should be mapped in two such OFDM symbols for the four SSBs, e.g., by FDM of CORESETs. Or, only two-to-one mapping between SSBs and CORESETs can be supported. These two options both limit the use case of this particular combination. Hence, it is proposed to discuss further whether to support this combination in the spec. 
· Note 2: To support additional possibility of CORESET BW =32 or 16 RBs for over6 GHz, one more bit needs to be spent for the frequency offset indication. 
· Note 3: In case of TDM with rSCS = ½ (e.g., 15kHz SSBs and 30kHz data), the number of PRBs in the minimum CH BW is only 12 for sub6GHz case. If 3 OFDM symbols are used for the CORESET mapping as agreed in the control session, the total number of REGs in the case of minimum CH BW is limited by 36 (instead of 48). To support 48 REGs, it is proposed to support 4 OFDM symbol CORESET, pending the control channel session’s confirmation. 

TABLE 11
	Ratio rSCS= (SSB SCS) / (RMSI SCS)
	State of indication #1
	CORESET BW (in # of PRBs in RMSI numerology)
	# of OFDM symbols
	Applicability 

	1
	0
	24
	2
	TDM with min CH BW for sub6 & over6 GHz
FDM with min CH BW x 2 

	
	1
	32
	3
	Coverage limited
TDM with min CH BW for over6 GHz

	
	2
	48
	1
	FDM with min CH BW x3
TDM with min CH BW x2

	
	3
	48
	2
	Coverage limited
TDM with min CH BW x 2
FDM with min CH BW x 3

	2
	0
	48
	1
	TDM with min CH BW for sub6 & over6 GHz
FDM with min CH BW x 2

	
	1
	48
	2
	Coverage limited
TDM with min CH BW for sub6 & over6 GHz
FDM with min CH BW x 2

	
	2
	96
	1
	Coverage limited
TDM with min CH BW x 2
FDM with min CH BW x 3

	4
	0
	96
	1
	Coverage limited
TDM with min CH BW for sub6 & over6 GHz
FDM with min CH BW x 2

	1/2
	0
	12
	[4] (pending control session’s decision)
	TDM with min CH BW for sub6 & over6 GHz
FDM with min CH BW x 2

	
	1
	16
	3
	TDM with min CH BW for over6GHz
FDM with min CH BW x 2

	
	2
	24
	2
	TDM with min CH BW x 2
FDM with min CH BW x 3

	
	3
	32
	3
	Coverage limited
TDM with min CH BW x 2 for over6 GHz
FDM with min CH BW x 3 for over6 GHz



· Information 2: Frequency offset of CORESET –8 bits (including floating sync), or 4 bits (excluding floating sync)
· Note: if CORESET BW =32 or 16 is not supported in Indication 1, the number of states is reduced to 84, i.e., 7 bits (including floating sync) or 3 bits (excluding floating sync). 

TABLE 12

	State of indication #2 (180 states for RE level offset)
	TDM vs. FDM

	0-23
	FDM

	24-179
	TDM


Or
	State of indication #2 (15 states for PRB level offset)
	TDM vs. FDM

	0-1
	FDM

	2-14
	TDM



· Information 3: RMSI CORESET slot offset oRMSI – 1 bit

TABLE 13
	TDM vs. FDM
	State of indication #3 
	oRMSI (Either 1 separate bit or jointly coded with frequency offset)

	FDM
	0
	0

	
	1
	Reserved

	TDM
	0
	o1

	
	1
	o2



· Information 4: # of CORESETs per slot, starting OFDM symbol number, RMSI CORESET window periodicity – 1 bit 

TABLE 14
	TDM vs. FDM
	State of indication #4
	# of CORESETs per slot
	Starting OFDM symbol number
	RMSI CORESET window periodicity

	TDM
	0
	1
	0
	A first periodicity (e.g., (RMSI TTI)/4 msec)

	
	1
	2
	0 if iSSB is 2k
7 if iSSB is 2k+1
	A second periodicity (e.g., (RMSI TTI)/8 msec)

	[bookmark: _GoBack]FDM
	0
	Hard coded in the spec
	Hard coded in the spec
	A third periodicity (e.g., (RMSI TTI)/8 msec)

	
	1
	Hard coded in the spec
	Hard coded in the spec
	A fourth periodicity (e.g., (RMSI TTI)/16 msec)



Proposal 3: 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 
4 RMSI Contents
According to the latest L1 RRC parameter list [2], RMSI would include at least following parameters in Table 15. In case of RACH parameters, the amount of bit size would increase depending on the association between SSB and RACH resource/preamble. As an intermediate estimates, current RMSI bit size from RAN1 perspective would be;
· RACH parameter: 27 bits + [14] bits + ?? bits
· Bit size is unknown for “rach-coreset-configuration”, “rar_windowlength”, and “SSB-threshold”
· Non-RACH parameter: 21 bits + ?? bits
· Bit size is unknown for “initial-UL-BWP” and “UL-DL-configuration-common” 
However, since the RRC parameter list is not completed yet, more RMSI contents would show up in RAN1#91.
Note that RAN2 provided that the minimum SI includes at least following parameters [3]:
· a list of PLMNs
· A cell ID
· Cell camping parameters
· Scheduling information for other SI
· SIB type
· Validity information
· SI Periodicity
· SI-window information
· An indicator whether the concerned SI-block is periodically broadcast or provided on demand
· Parameters required for requesting other SI-block(s) (if any needed, e.g. RACH preambles for request), if network allows on demand mechanism.

Proposal 4: Take the information in Table 15 as starting point, and collect further decisions during RAN1#91 to determine final number of bits for the RMSI; then make a decision whether to split the transmissions of RMSI into two, i.e., SIB1 and SIB2. 
· If a decision is made to split the RMSI into to chunks, discuss further during RAN1#91 which parameters should be included in the SIB1 and SIB2.

Further, we see the need for TRS configuration into the RMSI. The TRS configuration may include e.g., the number of antenna ports, periodicity, timing offset, etc. 
1. The removal of always-on CRS and introduction of wider bandwidth operation motivate the tool for fine time/frequency tracking over wider bandwidth (even for lower frequency).
1. The tracking RS (TRS) is necessary especially when we try to achieve low latency of the synchronization before DL signal detection. The TRS configuration may include e.g., on/off, periodicity, timing offset, etc. For the PDCCH and/or the SIBs signals, the low SINR requirement is still challenging considering the worst case of the cell-edge users. 
1. Another application scenario for TRS is the high-speed scenario, where the wideband T/F sync is challenging. Instead of using repetition of SS blocks to achieve fine T/F sync performance, one can utilize TRS to achieve better performance. 
Table 15: RMSI contents
	Sub-feature group
	Parameter name in specification
	Description
	Value range
	bit size
	Comment

	Bandwidth part
	initial-UL-BWP
	For parameters related to initial-UL-BWP
	UL-BWP-BW
	?
	Only applicable for paired spectrum
FFS: presence if initial UL BWP is same as carrier BW

	Frame structure
	UL-DL-configuration-common
	RRC configured UL-DL configuration of slots for NR
	number-of-DL-slots, number-of-DL-symbols-common, number-of-UL-slots, number-of-UL-symbols-common, DL-UL-transmission-periodicity
	?
	　

	Frame structure
	UL-frequency-shift-7p5khz
	Enable or disable the NR UL transmission with a 7.5KHz shift to the LTE raster
	Enable, Disabled
	1
	　

	Initial access
	SSB-periodicity-serving-cell
	SSB periodicity in msec for the rate matching purpose
	5, 10, 20, 40, 80, 160
	3
	　

	Initial access
	SSB-transmitted-SIB1
	The positions of the actual transmitted SS-blocks
	InOneGroup, groupPresence
	　
	• For indication in RMSI:
o Alt.1: Group-Bitmap(8 bits) + Bitmap in Group (8 bits)
§ A Group is defined as consecutive SS/PBCH blocks
§ Bitmap in Group can indicate which SS/PBCH block is actually transmitted within a Group, where each Group has the same pattern of SS/PBCH block transmission, and Group-Bitmap can indicate which Group is actually transmitted

	Initial access
	InOneGroup
	bitmap  which indicates the presence of the up to 8 SSBs in one group
	Bitmap length 8 of bits
	8
	　

	Initial access
	groupPresence
	bitmap for above 6 GHz which indicates which groups of SSBs is present
	Bitmap length 8 of bits
	8
	　

	Initial access
	SS-PBCHBlockPower
	　
	[-60...50]
	[7]
	in dBm

	PUCCH
	PUCCH-F0-Base-sequence-hopping
	Enabling hopping of base sequence of PUCCH Format 0 when transmitted in different slots
	ON, OFF
	1
	Needs to be configured within RMSI to support initial access

	PUCCH
	PUCCH-F1-Base-sequence-hopping
	Enabling hopping of base sequence of PUCCH Format 1 when transmitted in different slots
	ON, OFF
	1
	Needs to be configured within RMSI to support initial access

	RACH
	msg2-scs
	Subcarrier spacing for msg2 for contention-free RA procedure for handover
	15 and 30 and 60 kHz (<6GHz), 60 and 120 kHz (>6GHz)
	1
	　

	RACH
	msg3_scs
	Subcarrier spacing for msg3
	15 and 30 kHz (<6GHz), 60 and 120 kHz (>6GHz)
	1
	　

	RACH
	msg3-tp
	Indicates to a UE whether or not transform precoding, as described in [4, TS 38.211], is enabled for Msg3 PUSCH transmission
	Enable, Disabled
	1
	　

	RACH
	powerRampingStep
	Power ramping steps for PRACH
	[dB0, dB2,dB4, dB6]
	[2]
	　

	RACH
	PRACH-Config
	PRACH configuration
	　
	　
	This is the placeholder for the PRACH configuration to be defined. The number of fields depends on the definition of the configuration in 38.211.

	RACH
	PRACHConfigurationIndex
	PRACH configuration index given the index to the table in 38.211
	[0,1,…,255]
	[8]
	　

	RACH
	PRACHRootSequenceIndex
	PRACH root sequence index
	For L=839: 0,1,…,837
For L = 139: {0,1,…,137} 
	For L=839: 10
For L = 139: 8
	　

	RACH
	preambleReceivedTargetPower
	Recieved target power for PRACH
	[dBm-120, dBm-118, dBm-116, dBm-114, dBm-112,dBm-110, dBm-108, dBm-106, dBm-104, dBm-102,dBm-100, dBm-98, dBm-96, dBm-94,dBm-92, dBm-90]
	[4]
	　

	RACH
	rach-coreset-configuration
	CORESET configured for random access
	　
	　
	Default value: Same as pdcchConfigSIB1

	RACH
	rar_windowlength
	Window for RAR 
	　
	　
	　

	RACH
	restrictedSetConfig
	Configuration of unrestricted and restricted sets
	unrestricted, restricted Type A, restricted Type B
	2
	　

	RACH
	SSB-threshold
	UE can select the SS block and corresponding PRACH resource for path-loss estimation and (re)transmission based on SS blocks that satisfy the threshold
	　
	　
	　

	RACH
	zeroCorrelationZoneConfig
	N-CS configuration, see Table 6.3.3.1-3 in 38.211
	0 - 15
	4
	　



5 Conclusion
This contribution has reviewed RMSI CORESET configuration in MIB. The proposals are summarized below:

Proposal 1: RMSI CORESET parameters are configured according:
· 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 2: The following parameters are fixed in the specification for the configuration of RMSI CORESETs and RMSI timing:
· 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
Proposal 3: 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 
Proposal 4: Take the information in Table 15 as starting point, and collect further decisions during RAN1#91 to determine final number of bits for the RMSI; then make a decision during RAN1#91 whether to split the transmissions of RMSI into two, i.e., SIB1 and SIB2. 
· If a decision is made to split the RMSI into to chunks, discuss further which parameters should be included in the SIB1 and SIB2.
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