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1. Introduction
In the previous meeting, RAN1 has focused on designing principles for RMSI and RMSI CORESET, and the related agreement is attached in Appendix B. It is also agreed in control session that at least for RMSI scheduling, one table entry is needed to be fixed in the specs.

In this contribution, some further discussions on RMSI CORESET configuration and RMSI timing configuration are provided.
Note: This contribution is revised from R1-1717461 submitted in RAN1#90bis meeting.
2. Discussion 
Working assumption of PBCH content :
In RAN1#90 bis meeting, the working assumption of PBCH content is as follows:
· PBCH contents, except the SSB index, should be the same for all SS/PBCH blocks within an SSB burst set for the same center frequency.
In our opinion, the main motivation of this working assumption is to support PBCH combination within the same SS burst set, it can improve PBCH performance by potentially combing different directional PBCH; in addition, same PBCH contents will simplify RMSI CORESET configuration design and network multi-beam deployment. Thus, we recommend confirming this working assumption. 
Proposal 1: Confirm the following working assumption of PBCH content:
· PBCH contents, except the SSB index, should be the same for all SS/PBCH blocks within an SSB burst set for the same center frequency.
Non-slot based RMSI CORESET:
It is suggested that RMSI CORESET should be able to exploit the available resources within the initial active DL bandwidth part. This can at least be achieved by the TDM multiplexing between RMSI CORESET and SS block. 
RMSI CORESET should also be allowed to transmit on the same symbols as SS blocks to improve the frequency resource efficiency, which requires NR to support FDM between SS block and RMSI CORESET. Further, non-slot based RMSI CORESETs also show benefits in terms of access latency, owing to its flexibility to provide more chances for RMSI scheduling within a slot. 
Proposal 2: NR should support non-slot based transmission for RMSI CORESET in addition to slot-based RMSI CORESET:

· For non-slot based RMSI CORESET:
· TDM/FDM between RMSI CORESET and SS block should be supported in NR. 
· 1, 2 and 4 OFDM-symbol duration for the RMSI CORESET is supported.
Design principles of RMSI CORESET Configuration:

Based on current agreements related to RMSI scheduling and configuration, we give one basic principle set to design RMSI CORESET configuration.
· 1, 2 and 4 contiguous OFDM-symbol duration for RMSI CORESET. 
· Support both non-contiguous and contiguous PRBs in frequency for each RMSI CORESET.
· AL = 8 and 16.
· In order to ensure PBCH contents, except the SSB index, to be the same for all SS blocks within an SSB burst set, a common RMSI CORESET configuration should be carried by MIB.
· Association between SS blocks and corresponding RMSI CORESETs should be established by the common RMSI CORESET configuration information.
Based on the design principle set listed in above section 2, tables of RMSI CORESET configurations are given in section 2.1.1 and 2.1.2. Apart from the basic configurations, there are some specific designs optimized for some enhanced use cases, as discussed in section 2.1.3; examples and corresponding figures are attached in Appendix A for reference. The RMSI timing configuration is analyzed in section 2.2.
2.1 RMSI CORESET T/F location
In this section, we discuss the general configuration and optimization for RMSI CORESET location in NR. The following aspects need to be considered when designing RMSI CORESET T/F location configurations:
· For some typical scenarios where the system bandwidth is strictly limited, CORESET may span one or two OFDM symbols in the same slot containing SS block and keep in alignment with the center of the corresponding SS block.

· 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 the system bandwidth is wide enough. 
· The total bandwidth of SS block and RMSI CORESET may exceed minimum system bandwidth in some FDM cases to facilitate flexible network deployment.
· If two RMSI CORESETs in one slot are stacked up in frequency or time domain, more OFDM symbols can be reserved for DL transmission.

· With the DL numerology indicator carried by MIB, 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 and helps improve its flexibility.
It is pointed out that all the possible deployment scenarios can be classified into two types based on whether SS block and RMSI CORESET use the same numerology:
· Type1: RMSI CORESET/SS block with the same numerology.
· Type2: RMSI CORESET/SS block with different numerology.
Table 1. Classification of deployment scenarios

	Type
	deployment scenarios
	SS block SCS (kHz)
	RMSI CORESET SCS (kHz)

	1
	Case 1
	15
	15

	1
	Case 2
	30 (pattern1)
	30

	1
	Case 3
	30 (pattern2)
	30

	1
	Case 4
	120
	120

	2
	Case 5
	15
	30

	2
	Case 6
	30 (pattern1)
	15

	2
	Case 7
	120
	60

	2
	Case 8
	240
	60

	2
	Case 9
	240
	120


There are two ways to define lookup tables for RMSI CORESET configuration:

· Alt1. define separate tables for each deployment scenario
· Alt2. define two tables for same numerology case and mixed numerology case respectively
Alt 1 will require 9 tables in the specification for all deployment scenarios, while Alt 2 will only require 2 tables; in addition, from the following lookup tables (Table 2 and Table 3
), it can be observed that no difference on lookup table size between Alt 1 and Alt 2. Thus, Alt 2 is adopted for lookup table design in our contribution. 

Table 2 and Figure 1Table 3

 below can be taken as a starting point for RMSI CORESET configuration table for each type (same and different numerology type). UE assumes that each CORESET within the SSB slot pattern is QCL’ed with the same-numbered SS block (e.g. CORESET 1 is assumed to be QCL’ed with SSB1 in ). The associated RMSI CORESET configuration figures of Table 2 and Table 3

are attached in the Appendix A. Dashed square in these figures represents available resources that can be utilized for transmitting the QCL’ed broadcasting information, e.g. RMSI, OSI, paging. 
Note: SSB slot patterns refer to the 1/2/4 slots in which the mapping of SS block candidate locations with different SS SCSs have been defined [1].
2.1.1. RMSI CORESET configuration for Type 1
When RMSI CORESET has the same numerology as SS block, there are four deployment scenarios listed below. Potential configurations for RMSI CORESET are depicted in Table 2.

· Case 1: SSB SCS 15kHz, CORESET SCS 15kHz
· Case 2: SSB SCS 30kHz (pattern2), CORESET SCS 30kHz
· Case 3: SSB SCS 30kHz (pattern1), CORESET SCS 30kHz 
· Case 4: SSB SCS 120kHz, CORESET SCS 120kHz
Table 2. RMSI CORESET configurations for type1 usage scenario
	Bit field in NR-PBCH
	Deployment Scenario
	CORESET Configuration

	Basic TDM configuration

	0000
	Configuration 1.1:  
Case 1, Case 2
	CORESET bandwidth: 24 PRBs

Frequency position: center-aligned with SS block
Time duration: 2 OFDM symbols
CORESET starting position: SSB1{symbol#0}; SSB2{symbol#6}
AL=8

Note 1: SSB1 is the first nominal SSB in the SSB slot pattern, SSB2 is the second nominal SSB in the SSB slot pattern.
Note 2: symbol in brackets ({}) refers to OFDM symbol with CORESET SCS.

	
	Configuration 1.2: 
Case 3, Case 4
	CORESET bandwidth: 24 PRBs

Frequency position: center-aligned with SS block
Time duration: 2 OFDM symbols
CORESET starting position: SSB1{slot#0, symbol#0}; SSB2{slot#0, symbol#2}; SSB3{slot#1, symbol#0}; SSB4{slot#1, symbol#10}
AL=8

Note 3: SSB1/2/3/4 are the 1st/2nd/3rd/4th nominal SSB in the SSB slot pattern respectively.
Note 4: slot in brackets ({}) refers to slot with CORESET SCS.

	0001
	Configuration 2.1:  
Case 1, Case 2
	CORESET bandwidth: 48 PRBs

Frequency position: center-aligned with SS block
Time duration: 1 OFDM symbol
CORESET starting position: SSB1{symbol#0}; SSB2{symbol#1}
AL=8

	
	Configuration 2.2: 
Case 3, Case 4
	CORESET bandwidth: 48 PRBs

Frequency position: center-aligned with SS block
Time duration: 1 OFDM symbol
CORESET starting position: SSB1{slot#0, symbol#0}; SSB2{slot#0, symbol#1}; SSB3{slot#1, symbol#0}; SSB4{slot#1, symbol#1}
AL=8

	0010
	Configuration 3.1:  
Case 1, Case 2
	CORESET bandwidth: 48 PRBs

Frequency position: center-aligned with SS block
Time duration: 2 OFDM symbols
CORESET starting position: SSB1{symbol#0}; SSB2{symbol#6}
AL=16

	
	Configuration 3.2: 
Case 3, Case 4
	CORESET bandwidth: 48 PRBs

Frequency position: center-aligned with SS block
Time duration: 2 OFDM symbols
CORESET starting position: SSB1{slot#0, symbol#0}; SSB2{slot#0, symbol#2}; SSB3{slot#1, symbol#0}; SSB4{slot#1, symbol#10}
AL=16

	Basic FDM configuration

	0011
	Configuration 4.1: 
Case1, Case2
	CORESET bandwidth: 48 PRBs

Frequency position: above SS block in frequency
Time duration: 1 OFDM symbol
CORESET starting position: SSB1{symbol#5}; SSB2{symbol#11}
AL=8

	
	Configuration 4.2:
Case3, Case4
	CORESET bandwidth: 48 PRBs

Frequency position: above SS block in frequency
Time duration: 1 OFDM symbol
CORESET starting position: SSB1{slot#0, symbol#7}; SSB2{slot#0, symbol#11}; SSB3{slot#1, symbol#5}; SSB4{slot#1, symbol#9}

AL=8

	0100
	Configuration 5.1: 
Case1, Case2
	CORESET bandwidth: 24 PRBs

Frequency position: above SS block in frequency
Time duration: 2 OFDM symbols

CORESET starting position: SSB1{symbol#4}; SSB2{symbol#10}
AL=8

	
	Configuration 5.2:

Case3, Case4
	CORESET bandwidth: 24 PRBs

Frequency position: above SS block in frequency
Time duration: 2 OFDM symbols

CORESET starting position: SSB1{slot#0, symbol#6}; SSB2{slot#0, symbol#10}; SSB3{slot#1, symbol#4}; SSB4{slot#1, symbol#8}
AL=8

	0101
	Configuration 6.1: 
Case1, Case2
	CORESET bandwidth: 12 PRBs

Frequency position: above SS block in frequency
Time duration: 4 OFDM symbols

CORESET starting position: SSB1{symbol#2}; SSB2{symbol#8}
AL=8

	
	Configuration 6.2:

Case3, Case4
	CORESET bandwidth: 12 PRBs

Frequency position: above SS block in frequency
Time duration: 4 OFDM symbols

CORESET starting position: SSB1{slot#0, symbol#4}; SSB2{slot#0, symbol#8}; SSB3{slot#1, symbol#2}; SSB4{slot#1, symbol#6}

AL=8

	0110
	Configuration 7.1: 
Case1, Case2
	CORESET bandwidth: 24 PRBs

Frequency position: above SS block in frequency
Time duration: 4 OFDM symbols

CORESET starting position: SSB1{symbol#2}; SSB2{symbol#8}
AL=16

	
	Configuration 7.2:

Case3, Case4
	CORESET bandwidth: 24 PRBs

Frequency position: above SS block in frequency
Time duration: 4 OFDM symbols

CORESET starting position: SSB1{slot#0, symbol#4}; SSB2{slot#0, symbol#8}; SSB3{slot#1, symbol#2}; SSB4{slot#1, symbol#6}

AL=16

	Optimization: partitioned CORESET

	0111
	Configuration 8.1: 
Case1, Case2
	CORESET bandwidth: 24 PRBs

Frequency position: evenly distributed above and below SS block in frequency
Time duration: 2 OFDM symbols

CORESET starting position: SSB1{symbol#4}; SSB2{symbol#10}
AL=8

	
	Configuration 8.2:

Case3, Case4
	CORESET bandwidth: 24 PRBs

Frequency position: evenly distributed above and below SS block in frequency
Time duration: 2 OFDM symbols

CORESET starting position: SSB1{slot#0, symbol#6}; SSB2{slot#0, symbol#10}; SSB3{slot#1, symbol#4}; SSB4{slot#1, symbol#8}
AL=8

	Optimization: interleaved CORESET

	1000
	Configuration 9.1: 

Case1, Case2
	CORESET bandwidth: 48 PRBs

Frequency position: center-aligned with SS block
Time duration: 2 OFDM symbols

CORESET starting position: SSB1{symbol#0}; SSB2{symbol#0}
Note 5: CORESETs corresponding to two consecutive SS blocks within the same slot are mapped into different REGs of the same T/F space in interleaved mode.

	
	Configuration 9.2: 

Case3, Case4
	CORESET bandwidth: 48 PRBs

Frequency position: center-aligned with SS block
Time duration: 2 OFDM symbols

CORESET starting position: SSB1{slot#0, symbol#0}; SSB2{slot#0, symbol#0}; SSB3{slot#1, symbol#0}; SSB4{slot#1, symbol#0}

	Further optimization

	1001~1011
	Configuration 10~12

Case1, Case2, Case3, Case4

Reserved for other use cases, e.g. optimized configuration for gNB multi-panel scenario 
	See appendix A

	1100
	Configuration 13

Case1, Case2, Case3, Case4
Reserved for other use cases, e.g. fast access configuration
	

	1101
	Configuration 14

Case1, Case2, Case3, Case4
Reserved for multiplexed CORESET, e.g. OSI and RMSI share the same CORESET
	

	1110
	Reserved for other use cases, e.g. SS block repetition pattern
	

	1111
	Reserved for further enhancement in SA scenarios
	


2.1.2. RMSI CORESET configuration for Type 2
When the numerologies of RMSI CORESET and SS block are different, there are six deployment scenarios listed below. Potential general configurations for RMSI CORESET are depicted in Table 3

.
· Case 5: SSB SCS 15kHz, CORESET SCS 30kHz
· Case 6: SSB SCS 30kHz (pattern1), CORESET SCS 15kHz
· Case 7: SSB SCS 120kHz, CORESET SCS 60kHz
· Case 8: SSB SCS 240kHz, CORESET SCS 60kHz
· Case 9: SSB SCS 240kHz, CORESET SCS 120kHz
Table 3. RMSI CORESET configurations for type2 usage scenario
	Bit field in NR-PBCH
	Deployment Scenario
	CORESET Configuration

	Basic TDM configuration

	0000
	Configuration 1.1: 
Case 6, Case 7
	CORESET bandwidth: 48 PRBs

Frequency position: center-aligned with SS block
Time duration: 1 OFDM symbol
CORESET starting position: SSB1{symbol#0}; SSB2{symbol#1}; SSB3{symbol#6}; SSB4{symbol#7}
AL=8
Note 1: symbol in brackets ({}) refers to OFDM symbol with CORESET SCS
Note 2: SSB1/2/3/4 are the 1st/2nd/3rd/4th nominal SSB in the SSB slot pattern respectively.

	
	Configuration 1.2: 
Case 9
	CORESET bandwidth: 48 PRBs

Frequency position: center-aligned with SS block
Time duration: 1 OFDM symbol
CORESET starting position: SSB1{slot#0, symbol#0}; SSB2{slot#0, symbol#1}; SSB3{slot#0, symbol#2}; SSB4{slot#0, symbol#3}; SSB5{slot#1, symbol#0}; SSB6{slot#1, symbol#1}; SSB7{slot#1, symbol#10}; SSB8{slot#1, symbol#11}
AL=8
Note 3: slot in brackets ({}) refers to slot with CORESET SCS
Note 4: SSB1/2/3/4/5/6/7/8 are the 1st/2nd/3rd/4th/5th/6th/7th /8th nominal SSB in the SSB slot pattern respectively.

	Basic FDM configuration

	0001
	Configuration 2.1: 
Case 9


	CORESET bandwidth: 48 PRBs

Frequency position: above SS block in frequency
Time duration: 1 OFDM symbol
CORESET starting position: SSB1{slot#0, symbol#5}; SSB2{slot#0, symbol#7}; SSB3{slot#0, symbol#9}; SSB4{slot#0, symbol#11}; SSB5{slot#1, symbol#3}; SSB6{slot#1, symbol#5}; SSB7{slot#1, symbol#7}; SSB8{slot#1, symbol#9}
AL=8

	
	Configuration 2.2: 
Case 8
	CORESET bandwidth: 48 PRBs

Frequency position: above SS block in frequency
Time duration: 1 OFDM symbol
CORESET starting position: SSB1{symbol#2}; SSB2{symbol#3}; SSB3{symbol#4}; SSB4{symbol#5}; SSB5{symbol#8}; SSB6{symbol#9}; SSB7{symbol#10}; SSB8{symbol#11}
AL=8

	0010
	Configuration 3: 
Case 9
	CORESET bandwidth: 24 PRBs

Frequency position: above SS block in frequency
Time duration: 2 OFDM symbols
CORESET starting position: SSB1{slot#0, symbol#4}; SSB2{slot#0, symbol#6}; SSB3{slot#0, symbol#8}; SSB4{slot#0, symbol#10}; SSB5{slot#1, symbol#2}; SSB6{slot#1, symbol#4}; SSB7{slot#1, symbol#6}; SSB8{slot#1, symbol#8}
AL=8

	0011
	Configuration 4: 
Case 9
	CORESET bandwidth: 48 PRBs

Frequency position: above SS block in frequency
Time duration: 2 OFDM symbols
CORESET starting position: SSB1{slot#0, symbol#4}; SSB2{slot#0, symbol#6}; SSB3{slot#0, symbol#8}; SSB4{slot#0, symbol#10}; SSB5{slot#1, symbol#2}; SSB6{slot#1, symbol#4}; SSB7{slot#1, symbol#6}; SSB8{slot#1, symbol#8}
AL=16

	Optimization: partitioned CORESET

	0100
	Configuration 5.1: 
Case 9


	CORESET bandwidth: 48 PRBs

Frequency position: evenly distributed above and below SS block in frequency
Time duration: 1 OFDM symbol
CORESET starting position: SSB1{slot#0, symbol#5}; SSB2{slot#0, symbol#7}; SSB3{slot#0, symbol#9}; SSB4{slot#0, symbol#11}; SSB5{slot#1, symbol#3}; SSB6{slot#1, symbol#5}; SSB7{slot#1, symbol#7}; SSB8{slot#1, symbol#9}
AL=8

	
	Configuration 5.2: 
Case 8
	CORESET bandwidth: 48 PRBs

Frequency position: evenly distributed above and below SS block in frequency
Time duration: 1 OFDM symbol
CORESET starting position: SSB1{symbol#2}; SSB2{symbol#3}; SSB3{symbol#4}; SSB4{symbol#5}; SSB5{symbol#8}; SSB6{symbol#9}; SSB7{symbol#10}; SSB8{symbol#11}
AL=8

	0101
	Configuration 6: 
Case 9
	CORESET bandwidth: 24 PRBs

Frequency position: evenly distributed above and below SS block in frequency
Time duration: 2 OFDM symbols
CORESET starting position: SSB1{slot#0, symbol#4}; SSB2{slot#0, symbol#6}; SSB3{slot#0, symbol#8}; SSB4{slot#0, symbol#10}; SSB5{slot#1, symbol#2}; SSB6{slot#1, symbol#4}; SSB7{slot#1, symbol#6}; SSB8{slot#1, symbol#8}
AL=8

	Optimization: interleaved CORESET

	0110
	Configuration 7.1: 
Case 6, Case 7
	CORESET bandwidth: 48 PRBs

Frequency position: center-aligned with SS block
Time duration: 2 OFDM symbols
CORESET starting position: SSB1{symbol#0}; SSB2{symbol#0}; SSB3{symbol#6}; SSB4{symbol#6}
Note 5: CORESETs corresponding to two consecutive SS blocks within the same slot are mapped into different REGs of the same T/F space in interleaved mode.

	
	Configuration 7.2: 
Case 9
	CORESET bandwidth: 48 PRBs

Frequency position: center-aligned with SS block
Time duration: 2 OFDM symbols
CORESET starting position: SSB1{slot#0, symbol#0}; SSB2{slot#0, symbol#0}; SSB3{slot#0, symbol#2}; SSB4{slot#0, symbol#2}; SSB5{slot#1, symbol#0}; SSB6{slot#1, symbol#0}; SSB7{slot#1, symbol#10}; SSB8{slot#1, symbol#10}

	Further optimization

	0111~1000
	Configuration 8-9

Case 5, Case 6, Case 7, Case 8, Case 9.

Reserved for other use cases, e.g. optimized configuration for gNB multi-panel scenario.
	See Appendix A

	1001
	Configuration 10

Case 8, Case 9.
Reserved for other use cases, e.g. fast access configuration, similar to configuration 13 in Table 2.
	

	1010
	Configuration 11

Case 6, Case 7, Case 9.
Reserved for multiplexed CORESET, e.g. OSI and RMSI share the same CORESET. 
	

	1011
	Reserved for other use cases, e.g. repetition pattern.
	

	1100~1111
	Reserved for further enhancement in SA scenarios.
	


From Table 2 and Table 3

, there are 11 basic RMSI CORESET configurations in total. 4 bits may be acceptable for indicating all the above RMSI CORESET configuration and the unused code points should only be used for further optimization of RMSI CORESET configuration. Moreover, the DL numerology indicator can be used as a prior information which will improve design flexibility and provide the possibility for future enhancement.
Proposal 3: RMSI CORESET configurations should be jointly designed with DL numerology indicator in MIB:
· Two 4-bit lookup tables are required for indicating RMSI CORESET configuration.
2.1.3. Further optimization for RMSI CORESET configuration
For RMSI CORESET configuration, in order to support future flexible network deployment, the following aspects are suggested to be considered in a forward compatible way:
Multi-panel case:
For TRP with multiple antenna panels, Tx beams aiming at different directions can be used for RMSI CORESET and SS block transmission respectively in the same symbols. In such case, further optimization can be made for RMSI CORESET configuration. Optimized configurations for RMSI CORESET are depicted in Appendix A. Besides, a fast access RMSI CORESET configuration is also shown in Appendix A. In this configuration, RMSI CORESET associated to a single SS block locates in the vicinity of the next SS block. It can be used for faster RMSI CORESET transmission to accelerate the initial access procedure.
Multiplexed CORESET:

RAN1 has agreed that part of parameters for broadcast OSI CORESET, e.g., SI-window, are explicitly signaled in the corresponding RMSI, but the other parameters, such as frequency location, bandwidth, and numerology, are the same as those for the corresponding RMSI CORESET. It leads to the possibility that OSI and RMSI may multiplex the PBCH-configured CORESET in some cases, an example for this configuration is depicted in Appendix A for reference. Although an AL-16 CORESET provides sufficient resources for the coexistence of OSI PDCCH and RMSI PDCCH in the same common search space, some ambiguity as to how UE can identify different PDCCHs within the overlapped monitoring window part still remains. In our companion contribution [2], this problem is discussed in detail.
SS block repetition:
SS block repetition in frequency/time domain can potentially improve the RRM measurement accuracy, and reduce the measurement window. It is beneficial from UE power saving perspective, especially for wide bandwidth carrier scenario. SS block repetition can also provide robust to against high Doppler and fine frequency offset estimation for the high-speed scenario. If SS block repetition is deployed, it is desirable that one common RMSI CORESET is shared for all the repeated SS blocks, so that the overhead corresponding to multiple RMSI CORESETs can be saved. Association is established between the common RMSI CORESET and multiple SS block repetitions, UE is allowed to assume the common RMSI CORESET and corresponding SS block repetitions are QCL’ed. Examples for configurations for SS block repetition are provided in Appendix A, 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 4: The following optimization aspects for RMSI CORESET configuration should be considered for flexible network deployment:
· gNB multi-panel RMSI CORESET enhancement 
· Multiplexing between OSI CORESET and RMSI CORESET 
· Share one common RMSI CORESET for SS block repetition
2.2. RMSI timing Configuration
According to RAN1#90 bis meeting, RMSI timing configuration is agreed to indicate UE the specific time duration for RMSI PDCCH monitoring. In this section, we discuss the properties and potential parameters to be considered for RMSI timing configuration in detail.
RMSI PDCCH monitoring window periodicity & window duration
In previous agreements, a set of SS burst set periodicities {5, 10, 20, 40, 80, 160} ms is agreed to be considered for NR system. However, RMSI PDCCH monitoring window period is not always expected to be the same with SS burst set periodicity. For instance, it is beneficial for RRM measurement purpose by using an SS burst set periodicity of 5 ms, but RMSI CORESET is not mandated to be transmitted so frequently. Length of RMSI PDCCH monitoring window periodicity should depend on the NW configuration:
· A short monitoring cycle length of 10ms is better for fast access and flexible operation.
· Long monitoring periodicity, e.g. 80 ms, is beneficial for extending UE battery life. For example, in the case of receiving RMSI PDCCH/OSI PDCCH in the same monitoring duration, UE can go to sleep in the rest of the monitoring periodicity. 
· The moderate monitoring window periodicity can be configured to be the same as the default SS burst set period (20ms).
A configurable monitoring window can be beneficial for giving some scheduling flexibility. In case a monitoring window contains multiple CORESET instances, NW is free to transmit the RMSI PDCCH in any of the instances. We think slot level window duration should be supported at least, its value may depend upon the monitoring window periodicity and usage scenarios.
· When the frequency resource is sufficient to support FDM operation between CORESET and SSB, 1 slot window duration can be configured for low access delay.  

· When LTE-NR share the same carrier, it is normal to align their UL-DL configs to avoid additional inter-system interference. A monitoring window of 5 slots can be useful for ensuring UE to monitor CORESET in the DL subframes.
· If signaling overhead becomes a large concern, and the window duration can be prolonged.
An example of possible combinations of the periodicity and duration of RMSI PDCCH monitoring window is shown as below:
Table 4. Possible combinations of the periodicity and duration

	Monitoring window periodicity (ms)
	Monitoring window duration （slot）

	10
	1

	10
	5

	20
	1

	20
	5

	80
	5

	80
	10


RMSI PDCCH monitoring window offsets
This monitoring window can simply start at the slot where the SSB detected, e.g. in FDM case. However, it should be allowed to be shifted from that slot by a specific offset, at least for TDM case. An appropriate RMSI window offset has following potential benefits:
· Help UE to avoid some unnecessary RMSI PDCCH monitoring when RMSI CORESET/PDSCH resources are sparsely allocated within the monitoring periodicity.

· In case of NR reuse the non-continuous MBSFN subframe in LTE-NR shared DL deployment, window offset is needed to shift the window starting point to the next MBSFN subframe. 
· Enable the network to schedule urgent downlink transmissions and to configure uplink transmission occasions.
The considered values of window offset are 0/1/2/3/4 slots. The following 4-bit lookup table should be considered for RMSI timing configuration.
Table 5. RMSI timing configuration
	Bits in NR-PBCH
	Window periodicity

(ms)
	Window duration

(slot with CORESET SCS)
	Window offset

(slot with CORESET SCS)

	0000-0100
	10
	1
	0/1/2/3/4

	0101
	10
	5
	0

	0110-1010
	20
	1
	0/1/2/3/4

	1011
	20
	5
	0

	1100-1110
	80
	5
	0/1/2

	1111
	80
	10
	0


Based on above discussion, a 4-bit lookup table is needed for RMSI timing configuration.
Proposal 5: One 4-bit lookup table is adopted for RMSI timing configuration with the following values: 
· RMSI PDCCH monitoring periodicity y: {10, 20, 80} ms.
· RMSI PDCCH monitoring window duration x: {1, 5, 10} slot with CORESET SCS.
· RMSI PDCCH monitoring window offset: {0, 1 ,2 ,3 ,4} slot with CORESET SCS.
3. Conclusion

In this contribution, we focus on RMSI CORESET configuration and RMSI monitor period with the following observation and proposals:
Proposal 1: Confirm the following working assumption of PBCH content:

· PBCH contents, except the SSB index, should be the same for all SS/PBCH blocks within an SSB burst set for the same center frequency.
Proposal 2: NR should support non-slot based transmission for RMSI CORESET in addition to slot-based RMSI CORESET:
· For non-slot based RMSI CORESET:
· TDM/FDM between RMSI CORESET and SS block should be supported in NR. 

· 1, 2 and 4 OFDM-symbol duration for the RMSI CORESET is supported.

Proposal 3: RMSI CORESET configurations should be jointly designed with DL numerology indicator in MIB:
· Two 4-bit lookup tables are required for indicating RMSI CORESET configuration.
Proposal 4: The following optimization aspects for RMSI CORESET configuration should be considered for flexible network deployment:
· gNB multi-panel RMSI CORESET enhancement 
· Multiplexing between OSI CORESET and RMSI CORESET 
· Share one common RMSI CORESET for SS block repetition
Proposal 5: One 4-bit lookup table is adopted for RMSI timing configuration with the following values:
· RMSI PDCCH monitoring periodicity y: {10, 20, 80} ms.
· RMSI PDCCH monitoring window duration x: {1, 5, 10} slot with CORESET SCS.
· RMSI PDCCH monitoring window offset: {0, 1 ,2 ,3 ,4} slot with CORESET SCS.
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Appendix  A: Further optimization for RMSI CORESET configuration
Basic configuration for type1 usage scenarios:
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Figure 1. TDM configuration 1,2,3 for type1 usage scenarios
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Figure 2. FDM configuration 4/5/6/7 for type1 usage scenarios
Partitioned CORESET for type1 usage scenarios:
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Figure 3. Partitioned CORESET configuration 8 for type 1 usage scenarios

Interleaved CORESET for type1 usage scenarios:
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Figure 4. Interleaved CORESET configuration 9 for type 1 usage scenarios

Multi-panel case for type1 usage scenarios:
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Figure 5. CORESET configuration 10/11/12 for type1 usage scenarios

[image: image13.png]Configuration 13.1
'SSBACORESET: 15kkz/30kHz (pattem?)
4 symbols

1208y 1 [2symbols | 2 3

20Ré|

4 symbols





[image: image14.png]Configuration 13.2
'SSBACORESET: 30kHz (pattem1)/120kHz

4 symbols

2symbols  12RB|, 1

20rg|

4 symbols





Figure 6. Fast access configuration 13 for type1 usage scenarios

Multiplexed CORESET for type1 usage scenarios:
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Figure 7. Multiplexed CORESET configuration for type1 usage scenarios
Basic configuration for type2 usage scenarios:
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Figure 8.  TDM configuration 1 for type 2 usage scenarios
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Figure 9. FDM configuration 2/3/4 for type 2 usage scenarios
Partitioned CORESET for type2 usage scenarios:
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Figure 10. Partitioned CORESET configuration 5/6 for type 2 usage scenarios
Interleaved CORESET for type2 usage scenarios:
[image: image24.png]Configuration 7.1

'558: 30kHz (partern1) CORESET: 15kHz
‘S98: 120kHz CORESET: 60kHz

2 symbols (15kHz)

8RB
(15kHz)

le—>

le—>
4 symbols (30kHz)

2088
(30kHz)

Configuration 7.2

'S98: 240kHz CORESET: 120kHz

2 symbols (120kH2)

8RB
(120kHz)

le—>

]

4 symbols (240kHz)

2 symbols (120kH2)

le—>





Figure 11. Interleaved CORESET configuration 7 for type 2 usage scenarios
Multi-panel case for type2 usage scenarios:
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Figure 12. CORESET configuration 8/9 for type 2 usage scenarios

Multiplexed CORESET for type2 usage scenarios:
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Figure 13. Multiplexed CORESET configuration for type 2 usage scenarios
SS block repetition:
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Figure 14. RMSI CORESET configuration for SS block repetition
Appendix  B: agreements on RMSI and RMSI CORESET
At RAN1 previous meeting, the following agreements related to RMSI scheduling and configuration were made [3]

 REF _Ref498270177 \n \h 
[4]

 REF _Ref493791948 \n \h 
[5]:
Agreements:

· UE minimum bandwidth in the context of confinement of RMSI and CORESET containing PDCCH scheduling RMSI is defined as the largest bandwidth that all UEs must support regardless of UE capability, which is at least no less than the SS/PBCH bandwidth.
· Bandwidth for RMSI and and CORESET containing PDCCH scheduling RMSI supports at least the same bandwidth as SS/PBCH (e.g.,[24 PRBs]).
· Note: The UE minimum bandwidth will be finally determined by RAN4.
· LS to RAN4 – Ren Da (CATT) (R1-1718915), which is endorsed with final LS in R1-1719039, with the following update:
By updating the action to “RAN1 respectfully asks RAN4 whether RAN4 sees any issues with the above agreements, and if so, to provide guidance accordingly”. 
Agreements:

· The initial active DL BWP is defined as frequency location and bandwidth of RMSI CORESET and numerology of RMSI.
PDSCH delievering RMSI are confined within the initial active DL BWP
Agreements:

· NR supports FDM transmission of QCLed SS/PBCH block and RMSI (CORESET/NR-PDSCH), when

· there is no latency requirement for UE to acquire RMSI if the combined bandwidth for SS/PBCH block and RMSI (CORESET/NR-PDSCH) exceeds the UE capability, and

· the number of RMSI CORESETs to monitor within a slot is 1, and 
· the number of slots of a CORESET corresponding to an SS/PBCH block is 1 within a monitoring window for RMSI CORESET (NR-PDCCH)

· FFS: whether the number of slots of a CORESET corresponding to an SS/PBCH block can be larger than 1

Agreements:

· There is an RMSI PDCCH monitoring window associated with an SS/PBCH block, which recurs periodically.
Each window has duration of x consecutive slot(s).
FFS: x is e.g., 1/2/4
FFS: whether x is frequency band dependent
FFS: whether x is configured in PBCH.
The period, y, of the monitoring window can be the same as or different from the period of the SS/PBCH block burst set.
FFS: y is e.g., 10/20/40/80/160 ms
FFS: whether y is frequency band dependent
FFS: whether y is configured in PBCH
FFS: whether y is dependent on RMSI TTI
FFS: whether there is a dependency between the period of the monitoring window and the period of the SS/PBCH block burst set.
FFS: whether it is allowed to configure the overlapping monitoring windows associated with different SS/PBCH blocks
FFS: Monitoring window time offset 
· From RAN1’s perspective, the considered values of the RMSI TTI for down-selection are 80ms and 160ms
Agreements:

· For both slot and mini-slot, the scheduling DCI can provide an index into a UE-specific table giving the OFDM symbols used for the PDSCH (or PUSCH) transmission

· starting OFDM symbol and length in OFDM symbols of the allocation

· FFS: one or more tables

· FFS: including the slots used in case of multi-slot/multi-mini-slot scheduling or slot index for cross-slot scheduling

· FFS: May need to revisit if SFI support non-contiguous allocations

· At least for RMSI scheduling

· At least one table entry needs to be fixed in the spec

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

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.

Agreements:
· There is an initial active DL/UL bandwidth part pair to be valid for a UE until the UE is explicitly (re)configured with bandwidth part(s) during or after RRC connection is established
· The initial active DL/UL bandwidth part is confined within the UE minimum bandwidth for the given frequency band

· FFS: details of initial active DL/UL bandwidth part are discussed in initial access agenda

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

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: 

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:

· 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. 

An LS to RAN1 on NR minimum carrier bandwidth is as follows:

· 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.[image: image32.png]



