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1 Introduction
This contribution discusses NR system information delivery including; 
· Design principles of RMSI scheduling configuration 
· FDM of RMSI and SS blocks
· CORESET configuration for CSS and RMSI
· L1 parameters of RMSI
2 Design Principles for RMSI Scheduling Configuration 
In RAN1#88bis, the scheduling option for RMSI was agreed as following:
	RAN1#88bis agreements:
· NR-PDSCH carrying the remaining minimum system information is scheduled using NR-PDCCH.
· NR-PBCH provides configuration information for the NR-PDCCH scheduling the NR-PDSCH carrying the remaining minimum system information
· FFS if a part of configuration information can be derived by specification


As agreed in RAN1#88b, NR-PDSCH carrying RMSI is scheduled using NR-PDCCH and the scheduling info of the corresponding NR-PDCCH is carried in NR-PBCH. Since RMSI should be broadcasted, DCI for RMSI scheduling should be delivered in common search space (CSS) so that all the UEs in the cell can decode the DCI. In MIB, therefore, the configuration of CORESETs for CSS will be included. 
A CORESET may be characterized by slot timing, OFDM symbol numbers in each slot, and frequency resources. For simplicity, it is proposed that the OFDM symbol numbers and frequency resources are commonly applicable to all the SIBx, and the slot timing is individually determined/indicated for different SIBx. PBCH indicates the following information for the CORESET: #1) frequency resources; #2) OFDM symbol numbers in each slot; and #3) RMSI slot timing e.g., in terms of slot offset and periodicity. Information #1 and #2 can be reused for type0 CSS, i.e., at least for SIBx transmissions for x>1; while information #3 is only for RMSI transmissions. The slot timing for SIBx needs to be separately indicated; if the LTE principle is reused, the SIBx (x>1) slot timing is configured by RMSI. If no issues are found, it is also proposed the type0 CSS CORESETs characterized by information #1) and #2) are used for paging as well, along with separately optimizing the slot timing, for reducing specification efforts.
Proposal 1: PBCH indicates the following information for CORESET(s) configured for RMSI:
1) Frequency resources
2) OFDM symbol numbers in each slot
3) Slot timing (e..g, in terms of slot offset and periodicity)
Information #1) and #2) are commonly used for OSI and paging transmissions, information #3) is applicable only for RMSI. For OSI (SIBx, x>1) and paging, information #3) is individually determined or indicated.
As proposed in our companion paper [1], beam-sweeping based multi-beam transmission needs to be supported for CORESETs for CSS, similar to SS block transmission. There are a few approaches for configuring CORESETs for the CSS for the multi-beam case. In a first approach, a single CORESET comprising multiple OFDM symbols is configured, and UE is configured to blindly search its PDCCH in the CORESET (see Figure 1-(a)). In case the specification does not provide any further information than the CORESET, UE needs to make an effort to find a beam pair link that allows for a PDCCH decoding. The UE complexity and power consumption involved with this can be comparable to that of the SS block detection, which is not desirable. A better way is for the specification to allow for UE to use beam pair link information obtained from the SS block detection (see Figure 1-(b)). For this purpose, UE may assume that PDCCH in OFDM symbol(s) corresponding to the CORESET is QCL’ed with an SS block in the spatial parameters, so that the UE can use an Rx beam set having been used for an SS block detection for the PDCCH reception in the corresponding OFDM symbol in the CORESET. In a second approach, multiple CORESETs that respectively correspond to the actually transmitted SS blocks are configured, and UE is allowed to assume that PDCCH in a CORESET is QCL’ed with an SS block in the spatial parameters. The SS block may also be QCL reference for other large scale parameters (e.g., Doppler, delay). Both approaches can be used for the multi-beam cases, but the second approach is preferred owing to its flexibility.
Proposal 2: RMSI configuration in MIB should be able to configure multiple CORESETs respectively corresponding to the SS blocks in the SS burst set.
· UE may assume QCL in large scale parameters (e.g., spatial parameter) between a detected SS block and PDCCH in a corresponding CORESET.
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Figure 1. Examples of CORESET for CSS for the multi-beam based system: (a) Approach 1; (b) Approach 2.
To configure the multiple CORESETs efficiently with small signalling payload, one possible approach is to configure as many common parameters for all the CORESETs as possible. Among the three information elements discussed in Proposal 1, information #1) frequency resources can be made common for all the CORESETs, but it may be necessary to allow for different slot & OFDM symbol timings (i.e., information #2 and #3) for multiplexing the CORESETs in a TDM manner. 
For indicating the timing information, two alternatives can be considered. In a first alternative, each PBCH in an SS burst set contains only common information to configure the multiple CORESETs. The timing of the CORESET to be monitored upon detecting an SSB may be derived with the commonly signalled information and the SSB index. In a second alternative, each PBCH in an SS burst set contains both common and specific information to configure one CORESET that is QCL’ed with the SS block containing the PBCH. The specific information can be used to further adjust the CORESET timing corresponding to an SSB, thereby more network flexibility can be achieved than the first alternative. 
The first alternative may provide more robustness, and allows easier beam switching during the initial cell selection and IDLE mode. If there are PBCHs with the same contents within/across SS burst sets, UE may be able to soft combine the PBCHs to achieve more reliability. When the UE switches to another SS block beam due to intra-cell mobility, the UE can figure out an updated CORESET location just relying on the MIB decoded in the original SS block. 
The second approach provides more flexibility to the network, but for IDLE mode intra-cell mobility, UE may need to acquire the “specific” information to find the CORESET corresponding to a different SSB than the initially detected SSB. It would not be desirable if UE has to read the specific information to switch a serving SSB. A better alternative is the specific information for all the SSBs of a cell is provided cell-specifically in SIBx, so that the UE can identify all the CORESET timing locations of a cell without having to decode individual PBCH.
The two alternatives have pros and cons. The first alternative is simpler than the second alternative, but some flexibility may be lost. Hence, it is proposed to design the full solutions, with considering these two alternatives. In RAN1#90, more agreements were reached related to the frequency domain mapping of MIB configured CORESETs and RMSI PDSCH, numerology of RMSI, and multiplexing methods of CORESET/PDSCH and SS blocks. 
Proposal 3: The timing information can be configured according to one of the following two alternatives:
· Alt 1: A PBCH in an SSB contains full information to configure all the CSS CORESETs in the cell.
· The timing of the CORESET corresponding to the selected SSB may be derived with the signalled information and the SSB index.
· Alt 2: A PBCH in an SSB contains common information to be used for all the CSS CORESETs in the cell; and also specific information to be used for identifying the location of a CORESET that corresponds to (or is QCL’ed with) the SS block containing the PBCH
· The specific information can be used to further adjust the CORESET timing corresponding to the SSB, thereby more network flexibility can be achieved than Alt 1.
· It is proposed to consider the pros and cons of these two alternatives, to develop the final solution. 
3 FDM of RMSI and SS blocks
	RAN1#90 agreements:
· 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
· 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
· Discuss further whether NR supports FDM between SS/PBCH block and CORESET/NR-PDSCH
· CORESET is designed at least for TDM


To minimize fragmentation of the resources, it would be desirable to confine these signals to be transmitted with the MIB configured numerology, i.e., MIB configured CORESET, RMSI, RMSI configured CORESET, msg2/4 for initial access, broadcast OSI, etc. in a localized time-frequency resource. In particular, for the frequency domain, the BW to transmit these signals could comprise a single BW whose BW size is less than the UE minimum BW. Now the remaining issue is whether to additionally support configuration of the single BW separately from the UE minimum BW which encompassing the SS block BW. This was formulated from the FFS point in the RAN1#90 agreements, i.e., whether NR supports FDM between SS block and CORESET/PDSCH. The main arguments to support FDM from an operator was that the OFDM symbols used for SS blocks may not be so useful for any other purposes, if the TRP of a cell has a single TXRU and analog BF constraints are in place; and it may be useful to allow the FDM so that the broadcast information of RMSI can be FDM’ed with the SS blocks in those OFDM symbols. This seems to be a valid argument, and it would be good to address this operator’s concern if there is a simple way to support the FDM. 
It seems that the FDM can be supported by allowing to configure the frequency location for the single BW in terms of frequency offset to the SS block BW; indeed this has been considered by many companies’ contributions already. If the candidate frequency offset values to be indicated in the MIB includes ‘0’ and other values corresponding to BWPs non-overlapping with the SS block BW, then both TDM and FDM of the SS block and the single BW will naturally be supported. 
In RAN1#NR-AH3, the FDM in addition to TDM of RMSI and SS block has been further discussed. There was a concern from a few companies that the FDM may require UE to re-tune the RF to receive the RMSI, especially when the aggregated BW of the RMSI and SS block exceeds “UE minimum BW.” 
Regarding the UE minimum BW, the following agreements are available from RAN4#84 [4], and copied below. 
RAN4#84 Agreements
· UE maximum channel bandwidth is a UE capability.
· It is FFS if the UE capability is per band or a group of bands (such as sub6 and mmWave)
· UE shall meet either a single carrier or CA based RF requirements for the channel bandwidths in Slide #3-#4 that is equal to or smaller than UE maximum channel bandwidth for any SCS.
· RAN4 should agree some threshold value for which BW’s should be supported by single CC configuration.
LTE refarming bands: 
[image: ]
NR bands (sub6):
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NR bands (mmW):
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According to the agreements, different UEs will support different channel BWs as a UE capability; and there could be UEs to support only the minimum channel BW for a specific band, e.g., 5MHz, which could be like eMTC UEs in LTE. However, it is expected that eMBB UEs are likely to be able to support larger than UE minimum BW. If the combined BW of RMSI and SS block is within 50 PRBs, eMBB UEs are likely to be able to support reception of both RMSI and SS block using a single RF, and correspondingly the frequent RF re-tuning is not likely to be necessary. The minimum capability UEs, however, may have to perform RF retuning to receive SS block and other signals in different BWs. This RF re-tuning operation has been supported for LTE eMTC, and it hence does not seem to be an issue to mandate the RF re-tuning for minimum capability UEs. The UE’s initial access BW corresponding to the supported UE RF BW is illustrated in Figure 2. For facilitating minimum capability UE’s reception of SSBs and other initial access signals, it could be considered such that the intra-frequency SMTC configuration is provided in the early stage of initial access, e.g., RMSI or SIBx. For the minimum capability UEs, the intra-frequency SMTC duration may be regarded as measurement gap, similarly to the legacy inter-frequency case. Treatment of intra-frequency SMTC duration as measurement gap has been agreed as a valid use case in RAN4 [5], and the relevant text is copied below.
RAN4#84 Agreements
· It was agreed (R4-1707424) that there are 3 categories of measurement
· Intra-frequency measurement without measurement gap
· Intra-frequency measurement with measurement gap
· Inter-frequency measurement
· Corresponding definitions of intra and interfrequency measurement were also agreed
· Following use cases are agreed for measurement  gap from RAN4 requirement point of view
· To enable UE to perform intrafrequency measurement when the SSB to be measured is not within the active bandwidth part
· To enable UE perform to RX beamforming in a different direction than the serving cell



Figure 2. Initial access BW for UEs with different UE capability
Observation 1: According to RAN4 agreements, UE maximum channel bandwidth is a UE capability.
Observation 2: When the combined BW size of SSB and RMSI is about 50 PRBs, 
· UEs supporting more than 50-PRB maximum channel bandwidth do not need to perform RF retuning.
· UEs supporting only minimum channel BW needs to perform RF retuning for TDM reception of SS blocks and other signals, similarly to LTE eMTC UEs. 
· To facilitate UE’s TDM reception of SS blocks, SMTC configuration may be provided early, e.g., in RMSI. 
· The SMTC duration may be regarded as measurement gap, according to the RAN4 agreements. 
Proposal 4: An initial-active BW is configured in MIB by means of a frequency offset. The initial-active BW is to transmit these signals according to the MIB configured numerology, i.e., MIB configured CORESET, RMSI, RMSI configured CORESET, msg2/4 for initial access, broadcast OSI, etc.
· The candidate values to indicate the frequency offset include at least {0, +25, -25} PRBs, so that the combined BW of SS block and the initial-active BW is minimized. 
· The number of bits for the frequency offset is limited to [2] bits. 
4 CORESET Configuration for CSS and RMSI
4.1 Parameters for CORESETs for CSS (commonly applicable for at least RMSI and OSI):
· Frequency information: This parameter may include number of PRBs (e.g., BW) for CORESETs for CSS and the frequency location in a minimum carrier BW. Note that it is desirable to confine and configure CORESETs for CSS within a minimum carrier BW to avoid too many retuning by the UE [2]. This configuration is likely to be common across all the SS blocks.
· The number of PRBs (e.g., BW): Given that the minimum carrier BWs are 5MHz (for below 6GHz) and 50MHz (for below 6GHz), the candidate PRB allocation for the CORESET would be limited or even further fixed to the minimum carrier BW. To save signalling overhead, it is proposed to use a fixed BW of 25 PRBs. 
· Frequency location: as proposed in Proposal 4, a [2]-bit information is used to indicate a PRB offset for the CORESET/RMSI and other signals with respect to the SS block frequency. 
· Timing information
· Periodicity: For the CSS, the periodicity does not need to be explicitly configured in PBCH. It is noted that for individual SIBx, this periodicity and SSB-common slot offset can be signalled or fixed in the spec. Details are discussed later in Section 4.2. 
· Slot location: The CSS CORESETs may come as a burst set similarly to SSB set, and each CSS CORESET slot location corresponding to an SSB can be determined as ns = ocommon + f(nss, iss, ∆ss)
· Ocommon: a common offset for all the CSS CORESETs (i.e., starting slot number of the CSS CORESET burst), may be configured in RMSI/OSI, which could be either frame or half-frame boundary. 
· Note that ocommon for RMSI CORESETs needs to be provided in PBCH, and the details are discussed later in Section 4.2. 
· iss : SSB index, i.e., 0, 1, …, L-1, where L is determined band specifically
· nss : Slot number to map SSB iss in SSB numerology
· ∆ss: SSB-specific offset provided in the PBCH.
· OFDM symbol indices: OFDM symbols in a slot for a CORESET that should be monitored when UE detects an SSB iss. The symbol indices need to be indicated in MIB. 
· CCE-to-REG mapping: fixed to ‘interleaved’ only (i.e., no configuration is needed). 
· REG bundling size: Fixed to be 6
· Wideband RS: Fixed to be WB-RS
· QCL: a CORESET corresponding to an SS block is QCL’ed. No signalling necessary
· PDSCH resource mapping type (slot vs. non-slot): implicitly configured by the number of configured CORESETs per slot. If one, slot-based transmission; if two or more, non-slot based transmissions. The number of configured CORESETs per slot can be indicated in the PBCH. 
4.2 Specific parameters for CORESETs for RMSI:
· Frequency information: Same as CORESETs for CSS. No additional configuration necessary
· Timing information: 
· 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 2x coding rate variations on PDSCH used for RMSI, and hence it could be necessary to allow variable number of repetitions to support worst case coverage. 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 or 8 repetitions or burst sets) are mapped in a fixed RMSI TTI duration (e.g., 80 msec). The resulting RMSI duty cycles will be 10 and 20 msec, respectively for 8 and 4 repetitions.
· Alt 2. RMSI TTI duration scales with the number of repetitions (e.g., 4 or 8 repetitions), while the RMSI duty cycle is kept the same (e.g., 20msec). The resulting RMSI TTI durations will be 80 and 160 msec respectively for 4 and 8 repetitions. 
Between these two alternatives, Alt 1 is preferred for UE power saving. 
· Slot location: can be determined as ns = oRMSI + f(nss, iss, ∆ss)
· 
oRMSI  {0, o1}, where o1 is the number of slots in a half frame according to the configured RMSI numerology. 
· When oRMSI = 0, the RMSI and SS blocks are mapped in FDM manner. 
· Depending on how many CORESETs are mapped per slot, different function f(nss, iss, ∆ss) may be used. 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: can be determined as a function of at least one of numerology, number of CORESETs per slot, iss, and ∆ss. 
The total number of bits to configure the timing information could be 3-4 bits, when jointly indicated.
Proposal 5: Following parameters are indicated in PBCH for RMSI scheduling:
· Frequency information ([2] bits): the PRB offset of RMSI CORESET wrt SSB in proposal 4
· Timing information (3-4 bits): periodicity, number of repetitions within RMSI TTI, slot location, number of CORESETs per slot, OFDM symbol indices
· Other information can be fixed in the spec.
5 L1 parameters of RMSI
According to RAN1 agreements so far, following parameters will be included in RMSI:
· The actually transmitted SS blocks (working assumption)
· All random access configuration information, specifically including
· An association between an SS block in the SS burst set and a subset of RACH resources and/or preamble indices (for contention-based random access)
· “SS block transmit power” value
· The size of a RAR window
· CORESET configured in RACH configuration
· SCS for Msg 1 and Msg3 (separately from Msg1)
· RACH configuration for the SUL carrier

Note that RAN2 provided that the minimum SI includes at least following parameters [3]:
· SFN
· a list of PLMNs
· A cell ID
· Cell camping parameters
· RACH 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.

RAN2 also informed that the minimum SI should accommodate at least around 250 bits for L2/L3 operation based on the current RAN2 agreements. This estimation does not include any L1 parameter and the size of the minimum SI should be flexible in size for future proof. Note that RAN1 already agreed that SFN is carried by PBCH. In addition, RACH parameters are counted by both RAN1 and RAN2 with more NR specific parameters in RAN1.
Therefore, incorporating both RAN1 and RAN2 parameters, it is anticipated that at least around 300 bits are required for RMSI. The maximum size of RMSI would be dominated by the association between SS block and RACH resource and/or preamble index. 
[bookmark: _GoBack]Proposal 6: The bit width of individual information elements conveyed in RMSI should be jointly determined with considering the overall RMSI payload and coverage.
6 Conclusions
This contribution has examined design issues related to NR minimum system information delivery in initial access and made the following proposals:
Proposal 1: PBCH indicates the following information for CORESET(s) configured for RMSI:
1) Frequency resources
2) OFDM symbol numbers in each slot
3) Slot timing (e..g, in terms of slot offset and periodicity)
Information #1) and #2) are commonly used for OSI and paging transmissions, information #3) is applicable only for RMSI. For OSI (SIBx, x>1) and paging, information #3) is individually determined or indicated.
Proposal 2: RMSI configuration in MIB should be able to configure multiple CORESETs respectively corresponding to the SS blocks in the SS burst set.
· UE may assume QCL in large scale parameters (e.g., spatial parameter) between a detected SS block and PDCCH in a corresponding CORESET.
Proposal 3: The timing information can be configured according to one of the following two alternatives:
· Alt 1: A PBCH in an SSB contains full information to configure all the CSS CORESETs in the cell.
· The timing of the CORESET corresponding to the selected SSB may be derived with the signalled information and the SSB index.
· Alt 2: A PBCH in an SSB contains common information to be used for all the CSS CORESETs in the cell; and also specific information to be used for identifying the location of a CORESET that corresponds to (or is QCL’ed with) the SS block containing the PBCH
· The specific information can be used to further adjust the CORESET timing corresponding to the SSB, thereby more network flexibility can be achieved than Alt 1.
Proposal 4: An initial-active BW is configured in MIB by means of a frequency offset. The initial-active BW is to transmit these signals according to the MIB configured numerology, i.e., MIB configured CORESET, RMSI, RMSI configured CORESET, msg2/4 for initial access, broadcast OSI, etc.
· The candidate values to indicate the frequency offset include at least {0, +25, -25} PRBs, so that the combined BW of SS block and the initial-active BW is minimized. 
· The number of bits for the frequency offset is limited to [2] bits. 
Proposal 5: Following parameters are indicated in PBCH for RMSI scheduling:
· Frequency information ([2] bits): the PRB offset of RMSI CORESET wrt SSB in proposal 4
· Timing information (3-4 bits): periodicity, number of repetitions within RMSI TTI, slot location, number of CORESETs per slot, OFDM symbol indices
Other information can be fixed in the spec.Proposal 6: The bit width of individual information elements conveyed in RMSI should be jointly determined with considering the overall RMSI payload and coverage.
Proposal 6: The bit width of individual information elements conveyed in RMSI should be jointly determined with considering the overall RMSI payload and coverage.
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