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1 Introduction
This contribution discusses NR system information delivery including; 1) Subcarrier spacing (SCS) options for remaining minimum system information (RMSI), 2) Configuration information for the RMSI.
2 SCS options for the RMSI
Two options were identified for SCS for the RMSI at RAN1#88bis:
	RAN1#88bis agreements:
· Down-select one of SCS options for the remaining minimum system information transmission
· Option 1: PBCH signals the SCS of the remaining minimum system information 
· Option 2: The same SCS applied in PBCH transmission is used for the transmission of the remaining minimum system information
· FFS whether the SCS refers to the control and/or data channel for remaining minimum system information
· Note: RAN2 has decided to go with option 2
· Down-select one of SCS options for PRACH msg. 3 transmission 
· Option 1: RACH configuration (possibly within PBCH or the remaining minimum system information) provides the SCS of the PRACH msg. 3
· Option 2: The same SCS applied in PBCH transmission is used for the transmission of the PRACH msg. 3
· Option 3: RAR can indicate the SCS of the PRACH msg. 3 transmission 
· FFS the determination of the SCS for msg  1, 2, and 4


Later at RAN1#89, it was further agreed that the same SCS is used for control and data channel for RMSI. As indicated above and also captured in RAN2 LS in [1], idle mode and inactive mode procedures (at least minimum system information broadcast and paging) use the default numerology per carrier frequency.:
	RAN2 LS in [1]:
· Mixed numerologies on a single carrier are only supported in connected mode. Idle mode and Inactive mode procedures (at least minimum system information broadcast and paging) use the default numerology per carrier frequency. 
· FFS Whether initial access (i.e. random access in idle mode) is always on the default numerology or can use other numerologies.


At RAN1#89, however, it was argued that Option 1 allows e.g., the SCS alignment between RMSI and unicast control/data within the same slot. 
Besides RAN2 agreement, we have following observations about configurable RMSI SCS:
· Indicating RMSI SCS by MIB would impose that all UEs should support multi-numerology. However, it is our understanding that support of multi-numerology is UE capability. Since a gNB has no idea of UE capability during initial access, the gNB has less room to adjust RMSI SCS other than default numerology.
· Once a UE has established RRC connection, then the gNB can configure the numerology for the UE based on the reported UE capability. Given this potential SCS switching point, introducing another SCS switching point during initial access seems less motivated. 
· If the SCS alignment between RMSI and unicast control/data within the same slot is required, it can be achieved by configuring the SCS for unicast control/data rather than configuring RMSI SCS in the concerned slot. In addition, the low latency for unicast control/data can be fulfilled not only by increasing the SCS but also by mini-slot scheduling with same SCS.
· From the signalling overhead perspective, e.g., 2-bit for RMSI SCS indicator results in 2.78% ~ 4.17% overhead assuming MIB payload size is in between 48 ~ 72 bits.
· In case of 240kHz SCS for SS block, since 240kHz SCS is not supported for control/data channel, it is required to define SCS for RMSI, e.g., 120kHz. 
Therefore, it is difficult to justify the configurable RMSI SCS by means of MIB. 
Proposal 1:
· Fixed SCS for RMSI transmission is applied for each frequency range.
· For SS block SCS of 15/30/120kHz, the same SCS applied in PBCH transmission is used for the transmission of the remaining minimum system information (i.e., Option 2).
· For SS block SCS of 240kHz, one fixed SCS, e.g., 120kHz is used for the transmission of the remaining minimum system information.
3 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 [2], 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 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 an OFDM symbol in 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 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.
Based on the discussion above, the following parameters are supported to configure CORESETs for CSS:
· Frequency information: This parameter may include number of PRBs (i.e., 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 [3].
· Time 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., 20ms).
· Time offset of CORESETs for CSS: This parameter represents the point where CORESETs for CSS starts to be transmitted. It may imply the SF or slot number in a radio frame. 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).
· # of OFDM symbols in a CORESET
· QCL relationship between SS block and the corresponding CORESET: It can be configured to indicate how many SS blocks are associated with each CORESET for CSS. For example, if the QCL relationship between SS block and each CORESET for CSS is 1:1, same number of CORESETs with the actually transmitted number of SS blocks will be transmitted.
· Starting point of each CORESET: Along with QCL relationship between SS block and the corresponding CORESET, this parameter indicates the relative position of each CORESET for CSS which is corresponding to a certain SS block(s) from the starting point of CORESETs for CSS.
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). Especially, it would be natural the periodicity of RMSI is same with periodicity of CORESETs for CSS.
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.



Figure 2. Example of CORESETs for CSS and RMSI transmission

Proposal 3: Following parameters are supported for configuration of CORESET for RMSI scheduling:
· Frequency information: number of PRBs for CORESETs for CSS, frequency location in a minimum carrier BW
· Time information: periodicity of CORESETs for CSS, time offset of CORESETs for CSS, # of OFDM symbols in a CORESET, QCL relationship between SS block and the corresponding CORESET, starting point of each CORESET
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:
· Fixed SCS for RMSI transmission is applied for each frequency range.
· For SS block SCS of 15/30/120kHz, the same SCS applied in PBCH transmission is used for the transmission of the remaining minimum system information (i.e., Option 2).
· For SS block SCS of 240kHz, one fixed SCS, e.g., 120kHz is used for the transmission of the remaining minimum system information.
Proposal 2: 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 3: Following parameters are supported for configuration of CORESET for RMSI scheduling:
· Frequency information: number of PRBs for CORESETs for CSS, frequency location in a minimum carrier BW
· Time information: periodicity of CORESETs for CSS, time offset of CORESETs for CSS, # of OFDM symbols in a CORESET, QCL relationship between SS block and the corresponding CORESET, starting point of each CORESET
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