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1 Introduction
[bookmark: _GoBack]This contribution discusses NR system information delivery including; 
· Configuration information for the RMSI.
· L1 parameters of RMSI
This contribution is revised from R1-1713556.
2 Configuration information for the RMSI
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. 
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 1: RMSI configuration in MIB should be able to configure multiple CORESETs respectively corresponding to the actually transmitted SS blocks.
· 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.
There are two alternatives to configure the multiple CORESETs. In a first alternative, each PBCH in an SS burst set contains a common information to configure the multiple CORESETs, which may be referred to as “cell-specific configuration.” In a second alternative, each PBCH in an SS burst set contains a specific information to configure one CORESET that is QCL’ed with the SS block containing the PBCH, which may be referred to as “SS-block-specific configuration.” 
The cell-specific 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 beam-specific alternative may allow more efficient CORESET configuration, as only a single CORESET needs to be configured by individual SS-block specific MIB. Still, most of the CORESET configuration information is likely to be common across all the SS-blocks; but some information will be SS-block specific, e.g., the CORESET timing configuration. When compared to the other alternative in which the timing of all the CORESETs are configured in a batch, it can be seen that this alternative requires smaller MIB payload because only a single timing needs to be configured. This may also imply that the many-to-one mapping from SS-blocks to CORESETs to make QCL relations are handled by the network implementations, and no bits need to be spent for making the QCL relation. The specification only needs to clarify that the configured CORESET by an SS block is QCL’ed with QCL parameters including the spatial parameters. 
Considering these pros and cons, it is proposed to take the second alternative for configuring the CORESETs.
Proposal 2: CORESET configuration in MIB in an SS block indicates a single CORESET whose PDCCH DMRS is QCL’ed with the SS block at least in spatial parameters. 
· Note: This implies that different SS blocks may indicate different CORESETs. 
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. 
	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. 
Proposal 3: A single BW is configured in MIB by means of a frequency offset. The single 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’, and other values that corresponds to BWPs non-overlapping with the SS block BW. 
· The number of bits for the frequency offset is limited to [2] bits. 
Based on the discussion above, the following parameters are supported to configure CORESETs for CSS:
· 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) for CORESETs for CSS: 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. Assuming four candidate values, the bit-width ranges 0 – 2 bits.
· Frequency location: as proposed in Proposal 3, a [2]-bit information is used to indicate a frequency offset for the CORESET/RMSI and other signals. 
· Timing information
· Periodicity of CORESETs for CSS: This parameter can be pre-derived by specification similar to the transmission of PDCCH for SIB1 of LTE (i.e., 20ms). Otherwise, this parameter can be configurable, for example, as multiples of default SS periodicity (i.e., 5ms). This value is also likely to be common across all the SS blocks.
· Slot location of a CORESET: This parameter helps UE to identify a slot index to receive the corresponding CORESET. It may be configured as the subframe or slot index in a radio frame, or a slot offset to a detected SS block. This parameter can be pre-derived by specification similar to the transmission of SIB1 of LTE (i.e., Subframe#5 for which SFN mod 2 = 0) or configurable by MIB indication, e.g., 2-bit would be enough.
· OFDM symbol locations of a CORESET: it could be selected from a set of candidates (e.g., up to 2 bits), or fixed to the maximum value for the given carrier BW. 
In addition, the CCE-to-REG mapping for the CORESETs for CSS can be fixed to ‘interleaved’ only (i.e., no configuration is needed). Taking the above example value for each parameter, the required number of bits for CORESETs for CSS would be up to [8] bits and it can be reduced further to fit into the MIB bit space.
For RMSI transmission, periodicity and TTI of RMSI can be pre-derived by specification similar to the SIB1 transmission of LTE (i.e., TTI = 80ms, periodicity = 20ms). 
In Figure 2, an example of CORESETs for CSS and RMSI transmission is described. It is assumed in the example that totally 16 SS blocks are transmitted, QCL relationship between SS block and CORESET for CSS is 1:1, the number of OFDM symbols for each CORESET is one, the number of OFDM symbols for RMSI is one, and every two CORESETs are transmitted in consecutive OFDM symbols. For this example, if UE detects 2nd SS block in a SS burst set, UE will read 2nd CORESET for CSS which starts at 2nd OFDM symbol from the starting OFDM symbol of CORESETs for CSS to get RMSI scheduling information.
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Figure 2. Example of CORESETs for CSS and RMSI transmission

Proposal 4: Following parameters are supported for configuration of CORESET for RMSI scheduling:
· Frequency information: 0-2 bits of number of PRBs for a CORESET, 2 bit frequency offset
· Timing information: slot location of a CORESET, OFDM symbol locations of a CORESET
3 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. 
4 Conclusions
This contribution has examined design issues related to NR minimum system information delivery in initial access and made the following proposals:
Proposal 1: RMSI configuration in MIB should be able to configure multiple CORESETs respectively corresponding to the actually transmitted SS blocks.
· UE may assume QCL in large scale parameters (e.g., spatial parameter) between a detected SS block and PDCCH in a corresponding CORESET.
Proposal 2: CORESET configuration in MIB in an SS block indicates a single CORESET whose PDCCH DMRS is QCL’ed with the SS block at least in spatial parameters. 
· Note: This implies that different SS blocks may indicate different CORESETs. 
Proposal 3: A single BW is configured in MIB by means of a frequency offset. The single 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’, and other values that corresponds to BWPs non-overlapping with the SS block BW. 
· The number of bits for the frequency offset is limited to [2] bits. 
Proposal 4: Following parameters are supported for configuration of CORESET for RMSI scheduling:
· Frequency information: 0-2 bits of number of PRBs for a CORESET, 2 bit frequency offset
· Timing information: slot location of CORESET, OFDM symbol locations of a CORESET
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