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[bookmark: _Ref129681832]There has been good progress on the NR RMSI delivery in the last few meetings. In this contribution, we discuss some remaining issues based on the summary provided in [1].

RMSI transmission
[bookmark: OLE_LINK27]Cell-defining SS/PBCH block and initial active DL BWP 
At RAN1 #90bis, the concept of initial active DL BWP was discussed and the following was agreed 
· The initial active DL BWP is defined as frequency location and bandwidth of RMSI CORESET and numerology of RMSI.
· PDSCH delivering RMSI are confined within the initial active DL BWP
In addition, the following was agreed regarding the relation between the SS/PBCH and RMSI
· 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
Based on the above agreements, it can be observed that the cell-defining SS/PBCH block can be located outside the initial active DL BWP at least in case of FDM between cell-defining SS/PBCH block and RMSI. However, it may be beneficial that the combined the bandwidth of the two can still be confined within a limited bandwidth, e.g. UE minimum bandwidth. The fundamental reason is that the frequency location of initial active DL BWP should be signaled in PBCH. Considering that SS/PBCH block is transmitted on a sync raster, if there is no restriction on the combined bandwidth of the cell-defining SS/PBCH block and RMSI, the number of bits required to indicate frequency offset may become too large. 
On the other hand, a full flexibility to allocate the initial active DL BWP does not seem to be necessary. As shown in Figure 1, one could consider either FDM where the cell-defining SS/PBCH block and initial active DL BWP are next to each other (case 1 and case 2) or the center frequency of cell-defining SS/PBCH block and initial active DL BWP are approximately aligned (case 3 and case 4). In this case, 2 bits are needed to indicate the frequency location of the initial active DL BWP.
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[bookmark: _Ref497914096]Figure 1 Relationship between SS/PBCH block and initial active DL BWP
Proposal 1: The combined bandwidth of cell-defining SS/PBCH block and the initial active DL BWP is confined within the UE minimum bandwidth.
Association between SS/PBCH blocks and RMSI(s) in wideband CC
In wideband CC, multiple SS block transmissions in the frequency domain is supported. One remaining issue is the association between the SS/PBCH blocks and the corresponding RMSI(s), i.e. whether one-to-one, many-to-one or one-to-many association should be supported. 
Among the three alternatives, there seems no strong motivation to support one-to-many mapping since it was agreed that the RMSI should be confined within the initial active DL BWP. 
For one-to-one mapping, each SS/PBCH block at different frequency location is associated with a separate RMSI. One drawback of this option is the RMSI overhead when the number of cell-defining SS/PBCH blocks is large. To solve this problem, one could indicate in PBCH whether or not a certain SS/PBCH is associated with a corresponding RMSI. This can be indicated by some redundant states in PBCH, e.g. the 4-bit PRB grid offset carried by NR-PBCH. 
For many-to-one mapping, a single RMSI is associated with multiple SS blocks. In this case, the following issues need to be addressed, e.g. the indication of common PRB index, the signaling for single common CORESET for RMSI etc. From signaling overhead point of view, this may not be preferable since all the possible offset between the SS block and the CORESET for RMSI needs to be carried in PBCH. 
[bookmark: OLE_LINK8]Proposal 2: One-to-one association between SS/PBCH block and corresponding RMSI is supported and a UE can be indicated a given SS/PBCH is not associated with a corresponding RMSI in PBCH.
[bookmark: _Toc497414087]RMSI CORESET configuration
The RMSI CORESET configuration includes RMSI timing configuration, resource configuration and the PRB grid indication.
RMSI timing configuration
In RAN1 #90bis, the following was agreed regarding the RMSI PDCCH monitoring window 
· 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.
Based the agreement, it can be observed that each RMSI PDCCH monitoring window is associated with an SS/PBCH block. For multiple SS/PBCH blocks within a SS/PBCH block burst set, there are multiple RMSI PDCCH monitoring windows. For RMSI reception, the UE needs to locate the RMSI monitoring window. In the following, the properties of RMSI PDCCH monitoring window – starting position, time offset, periodicity and duration are discussed. 
RMSI PDCCH monitoring window – starting position
To simplify the design, it is preferred that the starting position of the monitoring window can be predefined. One solution is that the first slot in a given half radio frame is defined as the first monitoring window corresponding to SS/PBCH block 0 within a SS/PBCH block burst set. This can be applied for both TDM and FDM between the SS/PBCH block and RMSI. The RMSI PDCCH monitoring window is defined for each candidate SS/PBCH block position within a SS/PBCH block burst set instead of actual transmitted SS/PBCH blocks since the UE does not have any information of actual transmitted SS/PBCH blocks at this stage. For simplicity, the associated monitoring windows for all the candidate SS/PBCH blocks within a SS/PBCH block burst set are assume to be consecutive in time. This could save the need of signaling the interval between the RMSI monitoring windows. We propose non-consecutive RMSI PDCCH monitoring window is not supported in Rel-15. 
Proposal 3: The first RMSI PDCCH monitoring window corresponding to SS/PBCH block 0 within a SS/PBCH block burst set starts from the first slot in a given half radio frame.
Proposal 4: Each candidate SS/PBCH block within a SS/PBCH block burst set is associated with a RMSI PDCCH monitoring window.
Proposal 5: The associated RMSI PDCCH monitoring windows corresponding to a SS/PBCH block burst set are consecutive in time.
RMSI PDCCH monitoring window – time offset
In principle, it may not be proper to fix the RMSI PDCCH monitoring windows locations since this poses some restrictions on network operations. Therefore, the RMSI PDCCH monitoring window time offset needs to be indicated to the UE and the following two options can be considered:
· Option 1: An absolute time offset O to a fixed reference time locations
· Option 2: A relative time offset O to a reference SS/PBCH block
[image: ]
[bookmark: _Ref497924781]Figure 2 RMSI PDCCH monitoring window offset indication
For option 1, the reference point is a fixed time location, e.g. SFN 0. The offset between the fixed time location and the first RMSI PDCCH monitoring window corresponding to SS/PBCH block 0 is signaled to the UE. Since the offset is fixed, the PBCH content can be kept same across all SS/PBCH blocks within one SS/PBCH block burst set as well across SS/PBCH block burst sets. With the offset information, the UE can derive all the RMSI PDCCH monitoring windows for all SS/PBCH blocks based on the duration of RMSI PDCCH monitoring window. One advantage of option 1 is that it can be applied regardless of whether the periodicity of the SS/PBCH block burst set and the periodicity of RMSI PDCCH monitoring window are same or not.
For option 2, the reference point is the SS/PBCH block 0 within the SS/PBCH block burst set. The offset between SS/PBCH block 0 and corresponding RMSI PDCCH monitoring window is signaled to the UE so that the PBCH content can still be kept same across all SS/PBCH blocks within one SS/PBCH block burst set. Similar as option 1, the UE can derive the corresponding RMSI PDCCH monitoring windows for all SS/PBCH blocks based on the duration of RMSI PDCCH monitoring window. One issue with option 2 is when the periodicity of the SS/PBCH block burst set is smaller than the periodicity of the RMSI PDCCH monitoring window, different offsets need to be indicated as shown in Figure 3. In this case, PBCH combining across the SS/PBCH block burst sets is not possible. Therefore, option 2 can only be used when the periodicity of the RMSI PDCCH monitoring window is same or smaller than the periodicity of the SS/PBCH block burst set. 
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[bookmark: _Ref497925366]Figure 3 RMSI PDCCH monitoring window offset indication when y > SS/PBCH block burst set periodicity
For both option 1 and option 2, the time offset is calculated with half radio frame granularity. 
Proposal 6: The RMSI PDCCH monitoring window time offset is indicated to the UE with a granularity of half radio frame.
RMSI PDCCH monitoring window – periodicity
It was agreed that RMSI TTI will be down-selected from 80ms and 160ms. As NR will at least support the same scenarios as LTE, we propose that RMSI TTI is fixed to be 80ms. In case there are multiple repetitions within one RMSI TTI, different redundancy versions can be transmitted similar as LTE. A predefined RV sequence order can be adopted. The number of repetitions within a RMSI TTI will be determined by the periodicity of RMSI PDCCH monitoring window y. If y is 20ms, there will 4 repetitions within one RMSI TTI. 
For power saving, the SS/PBCH block burst set periodicity can be configured to be larger than 20ms, e.g. 40/80/160ms. The same motivation could be applied to RMSI transmission. Furthermore, the access delay can be reduced if the RMSI PDCCH monitoring window periodicity is smaller than 20ms. Therefore, there is some benefit if the RMSI periodicity can be the same as SS/PBCH burst set periodicity. On the other hand, SS/PBCH block can be used for measurement with small periodicity, where RMSI may not need a small periodicity due to overhead. Moreover, if the SS/PBCH block burst set periodicity is large, the RMSI with large periodicity and small number of repetitions may not provide sufficient coverage. Therefore, it is also necessary to support an RMSI periodicity different from the SS/PBCH block burst set periodicity.
Proposal 7: The RMSI TTI in NR is fixed to be 80ms and repetitions of RMSI is supported with different redundancy versions following a predefined RV sequence.
Proposal 8: The periodicity of the RMSI PDCCH monitoring window can be configured to either 20ms or the same as the SS/PBCH burst set periodicity.
RMSI PDCCH monitoring window – duration 
To allow some flexibility for RMSI delivery at the gNB, it was proposed that the RMSI PDCCH monitoring occasions within a RMSI PDCCH monitoring window can be larger than one. Considering the signaling overhead and UE power consumption, the duration of the monitoring window x can be configured with only 1 bit in PBCH. The candidate values for 1 bit x can be dependent on carrier frequency. For example, x can be configured to be 1 or 2 slots for sub 6GHz and 2 or 4 slots for above 6GHz. It should be noted that in case of FDM between RMSI and SS/PBCH block, although the duration of RMSI PDCCH monitoring window is one slot, from network perspective the number of PDCCH monitoring occasions can be same as the number of SS/PBCH blocks within a slot, which is in line with the motivation to support FDM. From UE point of view, one PDCCH monitoring occasion can be selected without specification impact.
In addition, to further save signaling overhead in PBCH, this window duration can be jointly indicated with the above time offset or implicitly determined by the above time offset. For example, when time offset from SS block 0 in SS burst set is zero in option 2, the implicitly associated window duration is 1 slot.  
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[bookmark: _Ref497936230]Figure 4 FDM between RMSI PDCCH and SS/PBCH block
Proposal 9: The duration of RMSI PDCCH monitoring window x is indicated with 1 bit and the candidate values of x is frequency dependent.
Based on above discussion，RMSI PDCCH monitoring window duration, time offset, frequency location can be jointly indicated by following table
[bookmark: _Ref498704229]Table 1 Joint indication of RMSI PDCCH monitoring window duration, time offset, frequency location
	Index
	Frequency location of RMSI CORESET    
	PDCCH monitoring window duration  
	PDCCH monitoring window time offset

	1
	FDM case1
	1
	N/A

	2
	FDM case2
	1
	N/A

	3
	FDM case3
	1
	N/A

	4
	TDM case
	1
	Half radio frame

	5
	TDM case
	2
	Half radio frame

	6
	TDM case
	1
	One radio frame

	7
	TDM case
	2
	One radio frame


Note that for the FDM cases, the exact location of RMSI depends on the periodicity of RMSI monitoring window. If the periodicity is the same as the SS/PBCH block burst set periodicity, each RMSI is FDMed with the SS/PBCH block. If the periodicity is fixed to be 20ms, i.e. same as SS/PBCH block burst set periodicity, UE can assume each detected SS/PBCH block is FDMed with RMSI. If the actually transmitted SS/PBCH block burst set periodicity is larger than 20ms, each detected SS/PBCH block is FDMed with RMSI with additional RMSI where the location is known to UE. If the actually transmitted SS/PBCH burst set periodicity is smaller than 20ms, UE needs to do up to 4 times blind decoding to find the exact locations for RMSI based on the detected SS/PBCH block.
RMSI CORESET resource configuration
The resource configuration for RMSI CORESET should at least include the following parameters: 
· Starting OFDM symbols for the CORESET
· Size of the CORESET, i.e. bandwidth of the initial active DL BWP
· Time duration of the CORESET
· Frequency pattern of the CORESET
· Frequency location of the CORESET
· REG bundle size
· CCE-to-REG mapping
· Transmission type
In principle, the flexibility of RMSI CORESET configuration should be limited in order to keep the PBCH overhead to be small. 
Starting OFDM symbol for the CORESET
For the starting OFDM symbol of the CORESET, it can be discussed separately for the cases of TDM and FDM between SS/PBCH block and RMSI. For TDM case, the starting symbol can be the first OFDM symbol in each slot of the RMSI PDCCH monitoring window. For FDM case, the starting symbol can be the same OFDM symbol of the SS/PBCH block. For SS/PBCH block with 240 kHz SCS, it corresponds to the first two OFDM symbols of the SS/PBCH block. In both cases, there is no need to signal the starting symbol separately.
Time duration of the CORESET, size of the CORESET and frequency pattern of the CORESET
To save the overall signaling overhead, the time duration of the CORESET, size of the CORESET and frequency pattern of the CORESET can be determined jointly.
For the size of the CORESET, it can be signaled in the number of PRBs, REG bundle or CCEs. For example, it can be a multiple of 6 PRBs (corresponding to 1 CCE in 1 OFDM symbol). Considering the possible aggregation levels {4, 8, 16}, the candidate values of the size of the CORESET can be {24, 48, 96} PRBs.
For the frequency pattern of the CORESET, a distributed resource mapping spanning over the initial active bandwidth part is preferable to maximize the frequency diversity gain. The possible frequency location of the CORESET(s) can be limited to a few predefined frequency patterns. The predefined frequency patterns include the comb number, comb interval etc. within size of the COERSET. Furthermore, a scalable design based on the size of the initial active bandwidth part should be supported. An example can be found in Figure 5, comb 1 is assumed for 24 PRBs and comb 2 is assumed for 96 PRBs.  
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[bookmark: _Ref498018731] Figure 5 Predefined frequency patterns for different CORESET bandwidth
The following combination of the three parameters can be considered in 
Table 2 Joint indication of time duration, size and frequency pattern of the CORESET
	Size of the CORESET
	Time duration 
	Frequency pattern 

	24
	2, 3
	Comb = 1

	48
	1, 2
	Comb = 1 for duration = 1
Comb = 1, 2 for duration =2

	96
	1
	Comb = 1, 2


As can be seen from the above table, 7 combinations of the time duration, size and frequency pattern of the CORESET can be signaled using 3 bits in PBCH.
Proposal 10: A joint indication of time duration, size and frequency pattern of the CORESET is adopted.
Frequency location of the CORESET
As discussed in section 2.1, the frequency location of the RMSI CORESET, i.e. initial active DL BWP, can be predefined either FDM or TDM with the SS/PBCH block. Based on joint indication in Table 1 and the size of the CORESET, the frequency location of the CORESET can be determined accordingly.
REG bundle size, CCE-to-REG mapping and transmission type
Besides, some of the configuration information should be predefined. The REG bundle size can be fixed to be 6. The CCE-to-REG mapping can be either time-first or frequency-first. The transmission type can be distributed mapping, i.e. with interleaving. 
[bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK83][bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK57][bookmark: OLE_LINK58]Proposal 11: The REG bundle size, CCE-to-REG mapping and transmission type are predefined
· REG bundle size: 6
· CCE-to-REG mapping: time-first or frequency-first 
· Transmission type: interleaving
PRB grid for RMSI
For RMSI delivery, the UE needs to find the PRB grid for the CORESET and NR-PDSCH carrying the RMSI. At last meeting, a working assumption was reached that 4-bit PRB grid offset is carried by NR-PBCH. With the above information the PRB grid for SS/PBCH block can be determined. 
If the RMSI SCS is same or smaller than the SS/PBCH block SCS, the PRB grid for SS/PBCH block is same as the PRB grid for RMSI. However, if the RMSI SCS is larger than the SS/PBCH block SCS, e.g. the RMSI numerology is 30 kHz and the SS/PBCH block numerology is 15 kHz, the PRB grid for RMSI is still unknown for the UE as illustrated in Figure 6. The PRB grid for RMSI should be indicated in PBCH, with 1 bit indication as shown in Table 3.
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[bookmark: _Ref498505931]Figure 6 PRB grid of different numerologies
[bookmark: _Ref498506055][bookmark: _Ref498506038]Table 3 PRB grid for RMSI numerology 
	Bit field
	Offset (RMSI numerology) between PRB grid with RMSI numerology and PRB grid with SS/PBCH block numerology 

	0
	0 PRB 

	1
	Half PRB  


Proposal 12: The offset between PRB grid with RMSI numerology and PRB grid with SS block numerology is indicated in PBCH.
As a summary, we propose the following configuration for RMSI CORESET 
Proposal 13: The following table is adopted for the RMSI CORESET configuration
Table 4 Joint indication of RMSI timing and CORESET resource configuration
	Bits field 
	Number of bits
	Comments

	The period of the monitoring window 
	1
	20ms or the same as SS/PBCH burst set

	RMSI PDCCH monitoring window duration
	3

	Refer to table 1 for details 


	RMSI PDCCH monitoring window time offset
	
	

	Frequency location of RMSI CORESET
	
	

	Joint time indication of duration, size and frequency pattern of the RMSI CORESET
	3
	Refer to table 2 for details

	PRB grid for RMSI
	1
	0, half PRB offset 



Conclusion
[bookmark: _GoBack]In this contribution, the RMSI delivery and the CORESET configuration for RMSI are discussed. The proposals in this paper are summarized as follows:
Proposal 1: The combined bandwidth of cell-defining SS/PBCH block and the initial active DL BWP is confined within the UE minimum bandwidth.
Proposal 2: One-to-one association between SS/PBCH block and corresponding RMSI is supported and a UE can be indicated a given SS/PBCH is not associated with a corresponding RMSI in PBCH.
Proposal 3: The first RMSI PDCCH monitoring window corresponding to SS/PBCH block 0 within a SS/PBCH block burst set starts from the first slot in a given half radio frame.
Proposal 4: Each candidate SS/PBCH block within a SS/PBCH block burst set is associated with a RMSI PDCCH monitoring window.
Proposal 5: The associated RMSI PDCCH monitoring windows corresponding to a SS/PBCH block burst set are consecutive in time.
Proposal 6: The RMSI PDCCH monitoring window time offset is indicated to the UE with a granularity of half radio frame.
Proposal 7: The RMSI TTI in NR is fixed to be 80ms and repetitions of RMSI is supported with different redundancy versions following a predefined RV sequence.
Proposal 8: The periodicity of the RMSI PDCCH monitoring window can be configured to either 20ms or the same as the SS/PBCH burst set periodicity.
Proposal 9: The duration of RMSI PDCCH monitoring window x is indicated with 1 bit and the candidate values of x is frequency dependent.
Proposal 10: A joint indication of time duration, size and frequency pattern of the CORESET is adopted.
Proposal 11: The REG bundle size, CCE-to-REG mapping and transmission type are predefined
· REG bundle size: 6
· CCE-to-REG mapping: time-first or frequency-first 
· Transmission type: interleaving
Proposal 12: The offset between PRB grid with RMSI numerology and PRB grid with SS block numerology is indicated in PBCH.
Proposal 13: The following table is adopted for the RMSI CORESET configuration
	Bits field 
	Number of bits
	Comments

	The period of the monitoring window 
	1
	20ms or the same as SS/PBCH burst set

	RMSI PDCCH monitoring window duration
	3

	Refer to table 1 for details 


	RMSI PDCCH monitoring window time offset
	
	

	Frequency location of RMSI CORESET
	
	

	Joint time indication of duration, size and frequency pattern of the RMSI CORESET
	3
	Refer to table 2 for details

	PRB grid for RMSI
	1
	0, half PRB offset 
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