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At the RAN1 NR-AH#3 meeting, remaining details on RMSI delivery were discussed [1], and following agreements were made [2]. 
	Agreements:
· NR supports both slot based PDCCH and PDSCH, and non-slot based PDSCH transmissions for RMSI/broadcast OSI delivery
· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol duration for the RMSI/broadcast OSI PDSCH is supported
· FFS the handling of PDCCH for non-slot based transmissions



In this contribution, we discuss remaining details on RMSI delivery.

Details on CORESET configuration in NR-PBCH for RMSI scheduling
Support of FDM between SS/PBCH block and CORESET/NR-PDSCH for RMSI
In order to reduce the beam sweeping overhead time, FDM between SS/PBCH block and CORESET/NR-PDSCH for RMSI is better to be supported. However, it needs to be considered that the UE minimum bandwidth may limit the FDM possibility and selectable bandwidth of CORESET/NR-PDSCH for RMSI to FDM with SS/PBCH block. 
Proposal 1: Both TDM and FDM between SS/PBCH block and CORESET/RMSI are supported.

Bandwidth of CORESET for RMSI scheduling and NR-PDSCH for RMSI
Bandwidth of CORESET/NR-PDSCH for RMSI should be narrower than UE minimum bandwidth. One simple way is to fix both bandwidth of CORESET and bandwidth of possible maximum PDSCH for RMSI to predefined UE minimum bandwidth in the specification. In such case, NR-PBCH does not need to carry bandwidth information for RMSI. However, if CORESET bandwidth and/or possible maximum PDSCH bandwidth smaller than UE minimum bandwidth is beneficial e.g., in terms of UE power consumption, NR can support indication of bandwidth for RMSI in NR-PBCH with a certain level of variation for bandwidth. Considering the limited PBCH payload size, we don’t prefer that the CORESET bandwidth and maximum NR-PDSCH bandwidth for RMSI are separately and explicitly indicated in NR-PBCH. Therefore, in such case, single bandwidth information carried by NR-PBCH can be applied to both CORESET and PDSCH scheduling (i.e., RB indexing) for RMSI.
Proposal 2: NR supports indication of bandwidth for RMSI in NR-PBCH with a certain level of variation for bandwidth.
· Single bandwidth information carried by NR-PBCH is applied to both CORESET and PDSCH scheduling (i.e., RB indexing) for RMSI.

Number of CORESETs to be indicated in a PBCH and QCL assumption between SS/PBCH block and NR-PDCCH/NR-PDSCH for RMSI
Considering limitation on NR-PBCH payload size, it would be difficult that multiple CORESET configurations associated with different SS/PBCH blocks are individually indicated in a NR-PBCH. Therefore, we basically prefer that NR-PBCH in a SS/PBCH block indicates a configuration of CORESET associated with the SS/PBCH block. Additionally, UE can always assume spatial QCL between SS/PBCH block and associated PDCCH/PDSCH for RMSI, i.e., applying same RX beam for SS/PBCH block and RMSI.
Proposal 3: A NR-PBCH in a SS/PBCH block indicates a configuration of CORESET for RMSI that is associated with the SS/PBCH block.
Proposal 4: UE can always assume spatial QCL between SS/PBCH block and associated PDCCH/PDSCH for RMSI.

RMSI transmission occasion and periodicity
RAN1 can focus on CORESET occasion and periodicity, and RMSI transmission periodicity and TTI would be RAN2 issues.  The discussion is whether CORESET configured by NR-PBCH is used only for scheduling RMSI or not. If the CORESET is used not only for RMSI scheduling but also for other purpose, e.g., Msg.2/4 scheduling, the CORESET periodicity should be short enough to reduce RACH delay and to achieve scheduling flexibility. In addition, CORESET resource configuration indication would be based on relative time/frequency resource offset from SS/PBCH block because of limited NR-PBCH payload size. In such case, UE can assume that the periodicity of CORESET configured by NR-PBCH is same with SS burst set periodicity so that CORESET resource configuration indication in each NR-PBCH can be simplified.
Proposal 5: UE assumes that the periodicity of CORESET configured by NR-PBCH is same with SS burst set periodicity.

Detailed indication of CORESET configuration in NR-PBCH
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 would need to be limited [3]. Therefore, we propose limited combinations of bandwidth, duration, start timing and frequency position for basic CORESET configuration. 
Regarding the CORESET start timing, relationship with SS/PBCH block location should be considered. There are three SS/PBCH block location patterns within 14 symbols slot based on SS/PBCH block SCS as shown in figure 1 (case (a), (b) and (c)). For TDM between SS/PBCH block and corresponding CORESET, possible starting positions for CORESET can be calculated by using CORESET duration and SS block index in each case of SS/PBCH block location pattern. Table 1 show proposed CORESET configuration.  
where X in table 1 is defined by
Case (a) : X = 2 + (4 – CORESET duration)*(SS block index mod 1) = 2
Case (b) : X = 4 + (4 – CORESET duration)*(SS block index mod 2)
Case (c) : X = 8 + (4 – CORESET duration)*(SS block index mod 4)
and Y in table 1 is defined by
Case (a) : Y = 1 – (4 – CORESET duration)*(SS block index mod 1) = 1
Case (b) : Y = 5 – (4 – CORESET duration)*(SS block index mod 2) 
Case (c) : Y = 13 – (4 – CORESET duration)*(SS block index mod 4) .

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 considering UE minimum BW. On the other hand, for example in FDM case, CORESET bandwidth would need to be limited while more symbols e.g., up to four would be available as CORESET duration. Therefore, as shown in Table 1, 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. Exact values of bandwidth may be changed along to RAN4 discussion on UE minimum BW.
Thanks to such efficient limitation based on usage scenarios, as shown in Table 1, proposed configurations can be informed with 4 bits. 
 [image: ]   Figure 1: SS/PBCH block location patterns and 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.
Proposal 6: NR-PBCH carries 4 bits indication for CORESET configuration information.
· A CORESET configuration is indicated from limited combinations of bandwidth, duration, start timing and frequency position of CORESET.
· UE calculates start timing by using CORESET duration and SS block index.

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 7: 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: Both TDM and FDM between SS/PBCH block and CORESET/RMSI are supported.
Proposal 2: NR supports indication of bandwidth for RMSI in NR-PBCH with a certain level of variation for bandwidth.
· Single bandwidth information carried by NR-PBCH is applied to both CORESET and PDSCH scheduling (i.e., RB indexing) for RMSI.
Proposal 3: A NR-PBCH in a SS/PBCH block indicates a configuration of CORESET for RMSI that is associated with the SS/PBCH block.
Proposal 4: UE can always assume spatial QCL between SS/PBCH block and associated PDCCH/PDSCH for RMSI.
Proposal 5: UE assumes that the periodicity of CORESET configured by NR-PBCH is same with SS burst set periodicity.
Proposal 6: NR-PBCH carries 4 bits indication for CORESET configuration information.
· A CORESET configuration is indicated from limited combinations of bandwidth, duration, start timing and frequency position of CORESET.
· UE calculates start timing by using CORESET duration and SS block index.
Proposal 7: 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: Basic information of CORESET configuration 
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