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1. Introduction
At RAN1#90 meeting, the following agreements related to RMSI scheduling and configuration 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.

At RAN1#89 meeting, the following agreements related to RMSI scheduling and configuration were made [2]:

Agreements:
· For RMSI, the same subcarrier spacing is used for data and control channels
· For paging, the same subcarrier spacing is used for data and control channels
· RAN1 will strive to minimize the subcarrier spacing switching point during the initial access and idle mode
· FFS: Whether the subcarrier spacing of data and control channel is the same between RMSI and paging
Agreements:
· In time domain, a CORESET can be configured with one or a set of contiguous OFDM symbols

·  The configuration can indicate the starting OFDM symbol and time duration

· A CORESET is configured with only one CCE-to-REG mapping
At RAN1#88bis meeting, the following agreements related to RMSI scheduling and configuration were made [3]: 

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
Agreements:
· UE can be configured to “monitor DL control channel” in terms of slot or OFDM symbol with respect to the numerology of the DL control channel
· Specification supports occasion of “DL control channel monitoring” per 1 symbol with respect to the numerology of the DL control channel
· Note: This may not be applied to all type of the UEs and/or use-cases
· FFS whether or not total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per symbol can exceed the total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per slot.
At RAN4#84, an LS to RAN1 on Mixed numerologies FDM operation is as follows [4]:

· Case 2 Data/SS mixed numerology FDM operation

· Data/SS mixed numerology FDM operation can be supported for both BS/UE without additional in-band RF requirements compared to single numerology. 

Another RAN4 LS to RAN1 on NR minimum carrier bandwidth is as follows [5]:
· Minimum required channel BW and SS SCS for a Sub-6GHz band are 5MHz and 15kHz, respectively. An operator plans to operate with 10MHz bandwidth 30kHz SCS in order to deploy NR/LTE DL co-existence within the same band.
· For bands above 6GHz, the minimum required channel BW and SS SCS are 50MHz and 120kHz, respectively. An operator who has at least 100MHz contiguous spectrum, plans to operate with 240kHz SS SCS within the same band.

In this contribution, we discuss RMSI CORESET configuration design based on different principles, and analyze RMSI monitoring period.
2. Discussion 
Based on the current agreements related to RMSI scheduling and configuration, we give one basic principle set to design RMSI CORESET configuration.
· 1~3 contiguous symbols for RMSI CORESET duration

· Contiguous PRBs for RMSI CORESET

· Minimum carrier bandwidths from both network and UE sides [5]:

· Sub-6GHz band: 5M with SS SCS 15KHz; can support 10M with SS SCS 30KHz

· Above 6GHz band: 50M with SS SCS 120KHz; can support 100M with SS SCS 240KHz

· Mixed (same or different) numerology FDM operation between RMSI COREST and SS block

· Same numerology between RMSI CORESET and PDSCH carrying RMSI

· Single numerology for RMSI CORESET
· AL=8 for RMSI CORESET
Based on the basic principle set listed in above section 2, the possible locations of RMSI CORESET configurations are given in section 2.1.1 and 2.1.2. Further optimization for RMSI CORESET configuration is discussed in section 2.1.3. 

The monitor period of RMSI is analyzed in section 2.2.

2.1 RMSI CORESET T/F location
The following aspects need to be considered when designing RMSI CORESET T/F location configurations:

· For multi-beam system, FDM with SS block is preferred to save overhead; in addition, further FDM with PDSCH carrying RMSI can be adopted if system bandwidth is wide enough.

· When system bandwidth is small, e.g. same as SSB bandwidth, TDM with SS block is adopted.

· With the DL numerology indicator carried by MIB [6], UE will get the information whether the numerologies of SS block and RMSI CORESET are the same or not. This prior information should be used when designing RMSI CORESET configurations.
· Fixed mapping relationship between SS blocks and corresponding RMSI CORESET should be established within the same slot.
· The total bandwidth of SS block and RMSI CORESET may exceed minimum system bandwidth in some cases to facilitate flexible network deployment if operators have wide frequency bandwidth. 

· If two RMSI CORESETs in one slot are stacked up in frequency or time domain, more OFDM symbols can be reserved for DL transmission.
2.1.1. Type 1: RMSI CORESET/SS block with same numerology
When RMSI CORESET has the same numerology as SS block, there are four deployment scenarios listed below. Potential RMSI CORESET configurations are depicted in Figure 1(a), 1(b), 1(c), 1(d) and Table 1 respectively.

· Case 1: SSB SCS 15kHz, CORESET SCS 15kHz
· Case 2: SSB SCS 30kHz (pattern1), CORESET SCS 30kHz 
· Case 3: SSB SCS 30kHz (pattern2), CORESET SCS 30kHz
· Case 4: SSB SCS 120kHz, CORESET SCS 120kHz
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Figure.1(a) configuration 1,2,3 for type1 usage scenarios
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Figure.1(b) configuration 4 for type1 usage scenarios
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Figure.1(c) configuration 5,6 for type1 usage scenarios
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Figure.1(d) configuration 7 for type1 usage scenarios

Note that in configutation 7, CORESETs corresponding to two SS blocks within the same slot are mapped into the same time and frequency resources, and DCIs corresponding to different RMSI for different beams can be multiplexed. UEs associated to different SS blocks can assume different QCL configuration at blind decoding.
Tabel.1 RMSI CORESET configurations for type1 usage scenario
	RMSI CORESET Configuration (3bit)
	Multiplexing
	Usage Scenario

	000
	FDM
	Configuration 1.1:

· SSB SCS 15kHz, CORESET SCS 15kHz
· SSB SCS 30kHz (pattern2), CORESET SCS 30kHz 

	
	
	Configuration 1.2:

· SSB SCS 30kHz (pattern1), CORESET SCS 30kHz
· SSB SCS 120kHz, CORESET SCS 120kHz

	001
	FDM
	Configuration 2:

· SSB SCS 15kHz, CORESET SCS 15kHz
· SSB SCS 30kHz (pattern1), CORESET SCS 30kHz
· SSB SCS 30kHz (pattern2), CORESET SCS 30kHz 
· SSB SCS 120kHz, CORESET SCS 120kHz 

	010
	FDM
	Configuration 3.1:

· SSB SCS 15kHz, CORESET SCS 15kHz

	
	
	Configuration 3.2:

· SSB SCS 120kHz, CORESET SCS 120kHz

	011
	TDM
	Configuration 4.1:

· SSB SCS 15kHz, CORESET SCS 15kHz
· SSB SCS 30kHz (pattern2), CORESET SCS 30kHz

	
	
	Configuration 4.2:

· SSB SCS 30kHz (pattern1), CORESET SCS 30kHz
· SSB SCS 120kHz, CORESET SCS 120kHz

	100
	TDM
	Configuration 5.1:

· SSB SCS 15kHz, CORESET SCS 15kHz
· SSB SCS 30kHz (pattern2), CORESET SCS 30kHz 

	
	
	Configuration 5.2 

· SSB SCS 30kHz (pattern1), CORESET SCS 30kHz 
· SSB SCS 120kHz, CORESET SCS 120kHz

	101
	TDM
	Configuration 6.1:

· SSB SCS 15kHz, CORESET SCS 15kHz

	
	
	Configuration 6.2:

· SSB SCS 120kHz, CORESET SCS 120kHz

	110
	TDM
	Configuration 7.1:

· SSB SCS 15kHz, CORESET SCS 15kHz

	
	
	Configuration 7.2:

· SSB SCS 120kHz, CORESET SCS 120kHz

	111
	
	Reserved for other use cases, e.g. repetition pattern


2.1.2. Type 2: RMSI CORESET/SS block with different numerology
When the numerologies of RMSI CORESET and SS block are different, there are five deployment scenarios listed below. Potential RMSI CORESET configurations are depicted in Figure 2(a), 2(b), 2(c), 2(d-1), 2(d-2), 2(e), 2(f) and Table 2 respectively.
· Case 5: SSB SCS 30kHz (pattern1), CORESET SCS 15kHz
· Case 6: SSB SCS 120kHz, CORESET SCS 60kHz
· Case 7: SSB SCS 240kHz, CORESET SCS 60kHz
· Case 8: SSB SCS 240kHz, CORESET SCS 120kHz
· Case 9: SSB SCS 30kHz (pattern2), CORESET SCS 60kHz
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Figure.2(a) configuration 1,2 for type 2 usage scenarios
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Figure.2(b) configuration 3 for type 2 usage scenarios
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Figure.2(c) configuration 4 for type 2 usage scenarios
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Figure.2(d-1) configuration 5 for type 2 usage scenarios
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Figure.2(d-2) configuration 5 for type 2 usage scenarios
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Figure.2(e) configuration 6 for type 2 usage scenarios
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Figure.2(f) configuration 7 for type 2 usage scenarios

Note that configuration 6 has adopted a similar design as configuration 7 in 2.1.1. 

A possible configuration for RMSI CORESET with 60 kHz SCS is shown in Figure 2(f) when the second SS block mapping pattern of 30 kHz SCS case is used for SS block transmission. The 2-symbol RMSI CORESET has occupied 48 RBs in frequency and it exceeds the limitation of minimum system bandwidth in sub 6GHz case. Thus, configuration 7 is not recommended.
Tabel.2 RMSI CORESET configurations for type2 usage scenario
	RMSI CORESET Configuration (3bit)
	Multiplexing
	Usage Scenario

	000
	FDM
	Configuration 1.1:

· SSB SCS 30kHz (pattern1), CORESET SCS 15kHz
· SSB SCS 120kHz, CORESET SCS 60kHz 

	
	
	Configuration 1.2:

· SSB SCS 240kHz, CORESET SCS 120kHz

	
	
	Configuration 1.3:

· SSB SCS 240kHz, CORESET SCS 60kHz

	001
	FDM
	Configuration 2:
· SSB SCS 30kHz (pattern1), CORESET SCS 15kHz
· SSB SCS 120kHz, CORESET SCS 60kHz
· SSB SCS 240kHz, CORESET SCS 120kHz

	010
	FDM
	Configuration 3.1:

· SSB SCS 30kHz (pattern1), CORESET SCS 15kHz
· SSB SCS 120kHz, CORESET SCS 60kHz 

	
	
	Configuration 3.2:

· SSB SCS 240kHz, CORESET SCS 120kHz

	
	
	Configuration 3.3:

· SSB SCS 240kHz, CORESET SCS 60kHz

	011
	TDM
	Configuration 4.1:

· SSB SCS 30kHz (pattern1), CORESET SCS 15kHz
· SSB SCS 120kHz, CORESET SCS 60kHz 

	
	
	Configuration 4.2:

· SSB SCS 240kHz, CORESET SCS 120kHz

	
	
	Configuration 4.3:

· SSB SCS 240kHz, CORESET SCS 60kHz

	100
	TDM
	Configuration 5.1:

· SSB SCS 30kHz (pattern1), CORESET SCS 15kHz
· SSB SCS 120kHz, CORESET SCS 60kHz 

	
	
	Configuration 5.2:

· SSB SCS 240kHz, CORESET SCS 120kHz

	
	
	Configuration 5.3:

· SSB SCS 240kHz, CORESET SCS 60kHz

	101

	TDM
	Configuration 6.1:

· SSB SCS 30kHz (pattern1), CORESET SCS 15kHz
· SSB SCS 120kHz, CORESET SCS 60kHz 

	
	
	Configuration 6.2:

· SSB SCS 240kHz, CORESET SCS 120kHz

	
	
	Configuration 6.3:

· SSB SCS 240kHz, CORESET SCS 60kHz

	110
	
	Reserved for other use cases, e.g. repetition pattern

	111
	
	Reserved for other use cases


From Table 1 and Table 2, there are 13 different RMSI CORESET configurations in total. By jointly using the DL numerology indicator carried by MIB, one bit can be saved.

Proposal 1: RMSI CORESET configurations should be jointly designed with DL numerology indicator in MIB; and Table 1 and Table 2 are recommended for RMSI CORESET configuration.
2.1.3. Further optimization for RMSI CORESET configuration
If 3 bits are used to indicate the configuration for RMSI CORESET, there is still some room for further optimization:

· 4-symbol RMSI CORESET

It is necessary to improve the frequency resource utilization further since the bandwidth for RMSI CORESET may be limited. Therefore, RMSI CORESET can adopt a separate design from other PDCCH CORESETs, for example, RMSI CORESET can potentially support maximum time duration of four OFDM symbols to take a full use the resources above and below SS blocks. Furthermore, the second SS block mapping pattern of 30 kHz subcarrier spacing case is accepted for URLLC services and the subcarrier spacing of RMSI CORESET can be 60 kHz. With the restricted system bandwidth (10MHz), URLLC operations with 60 kHz SCS are expected to be realizable only if 4-symbol CORESET is supported.
4-symbol CORESET configurations for case1/2/3/4/9 are shown as below:
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Figure.3 4-symbol RMSI CORESET configuration
· Unused PRBs in SS block for RMSI CORESET
In addition, the 24 unused PRBs in SS block can also be utilized for RMSI CORESET, to strive for better spectrum efficiency. Note that special mapping rule may need to be defined for this CORESET because it is not continuous in time and frequency domain. Figure 4 below depicts an example of RMSI CORESET configuration for case 1:
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Figure.4 Unused PRBs in SS block for RMSI CORESE
· SS block repetition

SS block repetition in frequency/time domain can potentially improve the RRM measurement accuracy, and reduce the measurement window. Thus it is beneficial from UE power saving perspective. It may also provide better network coverage and support high speed scenario. If SS block repetition is deployed, it is desriable that one common RMSI CORESET is shared for all the repeated SS blocks, so that the overhead corresponding to multiple RMSI CORESET can be saved. Examples for configurations for SS block repetition are provided in Appendix Figure 6(a), 6(b), two consecutive SS blocks share one RMSI CORESET at low frequency range case and 8 consecutive SS blocks share one RMSI CORESET at high frequency range case. 

Proposal 2: The following optimization aspects for RMSI CORESET configuration should be considered for flexible network deployment:
· Extend the time duration of RMSI CORESET configuration to 4 OFDM symbols
· Unused PRBs in SS block for RMSI CORESET
· Share one common RMSI CORESET for SS block repetition.
2.2. RMSI monitoring period
In LTE, four SIB1 instances are transmitted at a regular interval (20ms) within every SIB1 periodicity (80ms) to support soft combining. This feature is favorable also for RMSI as it carries the essential radio configurations of the system. However, on the other hand, it is not desirable to fully reuse the same mechanism (fixed transmission periodicity) of SIB1 for RMSI, considering the divergent deployment scenarios of NR. More specifically, the periodicity should be short enough to provide an acceptable initial access delay compared with LTE, and on the other hand, should be as long as possible to reduce the system overhead and power consumption of network for broadcasting the RMSI.
In previous meetings, a set of SS burst set periodicity has been agreed to provide high flexibility and meet requirements of different scenario: {5, 10, 20, 40, 80, 160} ms. In a similar way, multiple configurable RMSI periodicities and RMSI transmission interval would also be supported. For example, 80ms and 320ms could be adopted to aligned with LTE SIB1 and paging respectively. Since the SS burst set periodicity can be up to 160 ms, 160 ms could also be a candidate value. Thus, it is considered that several possible values {80, 160, 320 …} could be used for RMSI periodicity ms and the RMSI transmission interval could be {20, 40, 80 …} ms. The configuration of periodicity and transmission interval of RMSI could be carried by MIB.
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Figure.5 RMSI monitoring
In addition, it is necessary that an RMSI CORESET monitoring occasion should also be configured to UE to avoid unnecessary blind detection, which is beneficial from UE’s power saving perspective. In case that the RMSI periodicity is much longer than the interval of SS burst set, there may be some time duration that no RMSI scheduling DCI within the CORESET. An example is shown in Figure 5, with the assumption that RMSI is TDM’ed with SS blocks due to the limited UE minimum bandwidth. RMSI periodicity is 320 ms with an 80ms transmission interval, much longer than the SS burst set periodicity (20ms). As a result, for some of the SS block instances within the RMSI periodicity, there is no PDCCHs scheduling RMSI in the CORESET, thus UE actually do not need to detect the RMSI CORESET at this point. A monitor periodicity can be defined additionally to indicate the UE the specific time duration that it actually needs to monitor the RMSI CORESET. Moreover, for each monitor occasion, there can be more than one candidate locations (e.g. a, b, c, and d in Figure 5) for scheduling RMSI transmission. A monitor window can be introduced for each monitor occasion, and the UE is only required to monitor the RMSI CORESET during that monitor window. The network is free to transmit the RMSI scheduling signal (i.e. DCI) in any of the candidate positions within the monitor window, so that the scheduling flexibility is preserved.
Based on the points discussed above, information on RMSI transmission and RMSI monitoring should be delivered to UE by PBCH. In terms of configuration, we consider this information should at least contains the RMSI periodicity, transmission interval, RMSI CORESET monitoring window length and window offset. Considering the constrained payload size of MIB, these information elements can be jointly coded to reduce bits consumption in MIB. Two bits is suggested to cover different possible combinations.
Proposal 3: Multiple RMSI periodicities and RMSI transmission intervals should be supported in NR.
Proposal 4: Following information can be configured for RMSI CORESET configuration by MIB:

· Periodicity and transmission interval of RMSI.
· CORESET monitoring occasions, at least includes RMSI CORESET monitoring window length and window offset.
3. Conclusion

In this contribution, we focus on RMSI CORESET configuration and RMSI monitor period with the following observation and proposals:
Proposal 1: RMSI CORESET configurations should be jointly designed with DL numerology indicator in MIB; and Table 1 and Table 2 are recommended for RMSI CORESET configuration.
Proposal 2: The following optimization aspects for RMSI CORESET configuration should be considered for flexible network deployment:
· Extend the time duration of RMSI CORESET configuration to 4 OFDM symbols
· Unused PRBs in SS block for RMSI CORESET

· Share one common RMSI CORESET for SS block repetition.
Proposal 3: Multiple RMSI periodicities and RMSI transmission intervals should be supported in NR.

Proposal 4: Following information can be configured for RMSI CORESET configuration by MIB:

· Periodicity and transmission interval of RMSI.

· CORESET monitoring occasions, at least includes RMSI CORESET monitoring window length and window offset.
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Appendix : RMSI CORESET configuration for SS block repetition
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Figure.6(a) RMSI CORESET configuration for SS block repetition
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Figure.6(b) RMSI CORESET configuration for SS block repetition
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