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At the RAN1#90 meeting, CORESET configuration for RMSI was discussed and following agreements were made [1].
	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

Agreements:
· 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

Agreements:
· Discuss further whether NR supports FDM between SS/PBCH block and CORESET/NR-PDSCH
· CORESET is designed at least for TDM

Agreements:
· The CORESET used to schedule the PDSCH containing the RMSI can be configured to contain also UE-specific PDCCH(s)

Working assumptions:
· For slot-based scheduling, the first DMRS position either on 3rd symbol or 4th symbol is configured by [PBCH].
· 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



In this contribution, we discuss further on CORESET configuration information in NR-PBCH for RMSI and RMSI transmission mechanism in wideband CC.

Details on CORESET configuration in NR-PBCH for RMSI scheduling
Basic information of CORESET configuration
RAN1 agreed that NR-PBCH includes CORESET configuration information for RMSI. Since NR-PBCH capacity is limited, bit size of CORESET configuration information for RMSI should not be so large and flexibility on CORESET configuration for RMSI needs to be limited [2]. Therefore, we propose limited combinations of bandwidth, duration, start timing and frequency position for CORESET configuration. Table 1 (a) and (b) show proposed CORESET configuration for the case of 15/30/120 kHz SS/PBCH block SCS and that for the case of 240 kHz SS/PBCH block SCS respectively.  
In case of 15/30/120 kHz SS/PBCH block SCS, there are two SS/PBCH block locations within 14 symbols slot based on SS/PBCH block SCS, and for TDM between SS/PBCH block and corresponding CORESET, possible starting positions for CORESET are beginning of the slot and symbol just after the second SS/PBCH block. On the other hand, in case of 240 kHz SS/PBCH block SCS, there are consecutive four SS/PBCH block locations within consecutive two slots of 14 symbols each based on 240 kHz SCS. In such case, special indication mechanism is necessary so that CORESET starting positions can be middle of the slot. Some examples of CORESET start timing are shown in Figure 1.
Regarding the candidate frequency locations for CORESET, it would be beneficial to assume the same centre frequency location between SS/PBCH block and RMSI so that UE does not perform RF retuning for RMSI reception after SS/PBCH block detection. Therefore, candidate frequency locations for CORESET as shown in Figure 2 can be considered.
Regarding the resource amount for CORESET, i.e., combination between CORESET bandwidth and duration, either bandwidth or duration would be limited in different scenarios. For example, if CORESET SCS is smaller than SS/PBCH block SCS and TDM between SS/PBCH block and CORESET is required, CORESET duration would need to be limited e.g., to 1 symbol. In such case, to allocate sufficient amount of resource for the CORESET, CORESET bandwidth would need to be large, e.g., 2 or more times wider than SS/PBCH block bandwidth. On the other hand, for example in FDM case, CORESET bandwidth would need to be limited while four symbols would be available as CORESET duration. Therefore, as shown in Table 1 (a) and (b), we propose multiple configuration options regarding CORESET bandwidth and duration, and the candidate combinations between bandwidth and duration are limited and tied to the scenario i.e., FDM or TDM between SS/PBCH block and CORESET. Thanks to such efficient limitation based on usage scenarios, as shown in Table 1 (a) and (b), proposed configurations can be informed with 4 bits. 
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Figure 1: Start timings of CORESET configuration
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Figure 2: Frequency positions of CORESET configuration
. 
In summary, our proposal can support both TDM and FDM between SS/PBCH block and CORESET/NR-PDSCH for the efficient use of resource according to the scenarios.

[bookmark: _GoBack]Proposal 1: NR-PBCH carries 4 bits indication for CORESET configuration information.
·  Limited combinations of bandwidth, duration, start timing and frequency position of CORESET that enable both TDM and FDM between SS/PBCH block and CORESET/RMSI are supported.
· Different combinations are supported between SS/PBCH block SCS of 15/30/120 kHz and SS/PBCH block SCS of 240 kHz

Additional information of CORESET configuration
In case with multiple SS/PBCH block frequency locations within a wideband CC and large number of beams for SS/PBCH block transmissions, RMSI transmission overhead would be an issue if RMSI is transmitted on every SS/PBCH block frequency location as shown in Figure 3.
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Figure 3: Example of CORESET configuration in wideband CC (multiple CORESET/RMSI transmissions)
Therefore, we think it is beneficial to support additional information on CORESET in NR-PBCH so that RMSI transmission within wideband CC can be limited as shown in Figure 4. In this case, by using the additional information together with the CORESET configuration information discussed in previous section, UE can identify CORESET time/frequency location even if it is different location from any of candidate locations indicated by the CORESET configuration information. For example, additional information in NR-PBCH in frequency location #a can indicate that the corresponding reference SS/PBCH block location for CORESET configuration information is frequency location #b, and then CORESET configuration information in NR-PBCH in frequency location #a can indicate relative time/frequency location of the corresponding CORESET based on the reference SS/PBCH block location.
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Figure 4: Example of CORESET configuration in wideband CC (limited CORESET/RMSI transmissions)

For example, such additional information consists of frequency offset information from detected SS/PBCH block and timing information such as timing offset from detected SS/PBCH block or reference SS/PBCH block index. Considering that this mechanism is beneficial in case with multiple SS/PBCH block frequency locations within a wideband CC and large number of beams for SS/PBCH block transmissions, this additional information should be carried by NR-PBCH only in case of above 6 GHz. In addition, the bit size for this additional information should be limited since the NR-PBCH payload size is limited. For example, if frequency offset candidates are limited to up to 8 patterns (i.e., 3 bits) while full flexibility on candidate reference SS/PBCH block timing is kept (i.e., 6 bits), 9 bits in total is necessary.　In another example, if only frequency offset are indicated with supporting more candidates (e.g., 5 or more bits), CORESET configuration in wideband CC can be more flexible while UE needs to detect SS/PBCH block again on the indicated frequency location so that time location of the CORESET can be derived.

Proposal 2: In case of above 6 GHz, NR-PBCH carries [5 – 9] bits indication for additional information on CORESET time/frequency location.
· This additional information indicates reference SS/PBCH block time/frequency location for CORESET configuration information.

Conclusion 
In this contribution, we discussed further on mechanism for SI delivery including CORESET configuration information. We made the following proposals. 
Proposal 1: NR-PBCH carries 4 bits indication for CORESET configuration information.
·  Limited combinations of bandwidth, duration, start timing and frequency position of CORESET that enable both TDM and FDM between SS/PBCH block and CORESET/RMSI are supported.
· Different combinations are supported between SS/PBCH block SCS of 15/30/120 kHz and SS/PBCH block SCS of 240 kHz

Proposal 2: In case of above 6 GHz, NR-PBCH carries [5 – 9] bits indication for additional information on CORESET time/frequency location.
· This additional information indicates reference SS/PBCH block time/frequency location for CORESET configuration information.
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Table 1 (a): CORESET configuration for 15/30/120 kHz SS/PBCH block SCS
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Table 1 (b): CORESET configuration for 240 kHz SS/PBCH block SCS
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where, X is SSB index, S is number of CORESET duration symbol(s))
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