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1	Introduction
In RAN Plenary meeting #75, a WID on NR was agreed. The work item targets to develop and specify the functionalities for eMBB operation as well as support the URLLC type of operation. In this contribution we discuss about remaining details on NR-PBCH.
RAN1#90 made the following agreements:
	Agreements:
· NR strive to support same payload size between below-6 and above-6 GHz
· SS block time index:
· 3 bits (b5, …, b3) for SS block time index in NR-PBCH payload only in case of above 6 GHz
· b5, …, b3 for SS block time index are not carried in NR-PBCH payload in case of below 6 GHz
· 3 bits in NR-PBCH payload in below 6 GHz case may be used for other purpose(s)

Agreements:
· SS burst set periodicity is not carried in NR-PBCH payload

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:
· 1st scrambling, initialization based on Cell ID and a part of SFN, is applied to PBCH payload excluding SS block index, half radio frame (if present) and the part of SFN prior to CRC attachment and encoding process
· The part of SFN is one the following, (to be selected by NR AH3)
· 3 LSB bits of SFN
· 2nd and 3rd LSB bits of SFN
· FFS: half radio frame index as part of the initialization of the 1st scrambling
· FFS: whether or not half radio frame index is a part of PBCH payload
· FFS: whether or not 2nd scrambling, initialization based on cell ID only, is applied to encoded PBCH bits in a SS block

Agreements:
· SS block time locations are indexed from 0 to L-1 in increasing order within a half radio frame according to the agreed SS burst set composition
· For the case of L = 8 or L = 64, 3 LSBs of SS block time index are indicated by 8 different PBCH-DMRS sequences {a_0,…, a_7}
· For the case of L = 4, 2 LSBs of SS block time index are indicated by 4 different PBCH-DMRS sequences {b_0,…, b_3} 
· One remaining bit out of 3 LSBs is set to 0 and not transmitted by PBCH
· {a_0,…,a_3} are same with {b_0, …, b_3} for a given cell ID

Agreements:
· Sequence mapping rule for PBCH-DMRS is frequency-first time-second mapping, in particular lowest to highest frequency mapping

Agreements:
· Sequence initialization is based on cell ID and SS block time index carried by PBCH-DMRS

Agreements:
· For contention-based NR 4-step RA procedure
· SCS for Msg 1 
· configured in the RACH configuration
· SCS for Msg 2
· the same as the numerology of RMSI
· SCS for Msg 3
· configured in the RACH configuration separately from SCS for Msg1
· SCS for Msg 4
· the same as in Msg.2
· For contention-free RA procedure for handover, the SCS for Msg1 and the SCS for Msg2 are provided in the handover command

…

Agreements:
· Common PRB indexing is used at least for DL BWP configuration in RRC connected state
· The reference point is PRB 0, which is common to all the UEs sharing a wideband CC from network perspective, regardless of whether they are NB, CA, or WB UEs. 
· An offset from PRB 0 to the lowest PRB of the SS block accessed by the UE is configured by high layer signaling
· FFS the configuration is by RMSI and/or UE-specific signaling
· The common PRB indexing is for maximum number of PRBs for a given numerology defined in Table 4.3.2-1 in 38.211
· FFS: common PRB indexing for RS generation for UE-specific PDSCH
· FFS: common PRB indexing for UL




In this contribution we discuss about remaining details on NR-PBCH:
· CORESET transmission configuration
· CORESET configuration in NR-PBCH
· Offset between SS block and PRB grid
· Offset between lowest PRB of SS block and lowest PRB of CORESET
· Remaining details on DMRS design
· NR-PBCH content
· 
2	Discussion
2.1	CORESET configuration in NR-PBCH
2.1.1	Transmission configuration
Common PDCCH, like PDCCH to schedule PDSCH for RMSI, is to be transmitted using highest aggregation levels (4 or 8) in order to provide good cell edge performance. I.e. cell edge performance should be the main measure for the design. Regarding the configuration of CORESET for RMSI scheduling one target should be to minimize the number of required bits in NR-PBCH. In [2] PDCCH performance with REG bundle sizes 2 and 6 is studied using interleaved REG to CCE mapping. Results show that in the cell edge conditions REG bundle size of 6 outperforms REG bundle size of 2 by more than one dB. That is because of improved channel estimation when operating with high aggregation levels. 
Proposal: Support only REG bundle size 6 for CORESET for RMSI scheduling.
Similarly, in order to maximize frequency diversity, interleaved PDCCH transmission should be adopted for PDCCH transmitted in CORESET for RMSI scheduling. 
Proposal: Interleaved PDCCH transmission should be adopted for PDCCH transmitted in CORESET for RMSI scheduling.
2.1.2	Frequency-time configuration and multiplexing
RAN1#90 made the following agreement related CORESET configuration in NR-PBCH:
	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:
· Discuss further whether NR supports FDM between SS/PBCH block and CORESET/NR-PDSCH
· CORESET is designed at least for TDM




In general, we consider three different CORESET configurations are to be needed:
1. Slot based CORESET allocation and TDM multiplexing with SS block targeted mainly to single-beam operation
2. FDM multiplexing with SS block targeted to multi-beam operation when system bandwidth allows for efficient broadcast DCI transmission
3. Multiple CORESETs within a slot and TDM multiplexing with SS block targeted to multi-beam operation with limited system bandwidth where predefined association between CORESET and SS blocks

1. Slot based CORESET allocation and TDM multiplexing with SS block targeted mainly to single-beam operation
We make an assumption that the UE minimum bandwidth for below 6 GHz is at least 20 MHz, and 50 MHz above 6 GHz. If the actual bandwidth support would differ from this assumption, the values should be revisited. Thus, the considered supported number of PRBs in frequency domain as a function of subcarrier spacing are as follows for 15, 30, 60 and 120 kHz SCS:
Table 1 Supported PRB amount within minimum UE bandwidth
	SCS [kHz]:
	Supported PRB amount within minimum UE bandwidth
	System bandwidth [MHz]

	15
	24
	5

	
	24,48
	10

	
	24,48,96
	≥20

	30
	24
	10

	
	24, 48
	≥20

	60
	24, 48
	≥50

	120
	24
	≥50



Aggregation level 4 requires 24 PRBs and aggregation level 8 requires 48 PRBs in total. Given that CORESET length can be 1, 2 or 3 OFDM symbols, the number of combinations for frequency x time allocations is 3 x 3 = 9. On the other hand, to be able to support aggregation level 8 and limiting the frequency domain allocation in one symbol to be max 48 PRBs, the combinations presented in Table 2 would be allowed leaving us with 5 possible combinations. 
[bookmark: _Ref492378414]Table 2 Frequency x time allocation combinations to support aggregation level 8
	Frequency allocation [#PRB]
	Time allocation [#symbols]

	24
	2,3

	48
	1,2,3



Observations: For TDM multiplexing CORESET with SS block 5 frequency x time allocation combinations can support aggregation level 8 when assuming max 48 PRBs’ frequency allocation in one symbol. 
2. FDM multiplexing with SS block targeted to multi-beam operation when system bandwidth allows for efficient broadcast DCI transmission
Related to whether or not to support FDM multiplexing between SS block and CORESET we consider that NR should support the multiplexing. It’s essential at least for common control signalling requiring beam sweeping transmission strategy similar to SS block transmissions to minimize the system overhead whenever the available system bandwidth allows FDM multiplexing. Minimum UE bandwidth should be as large so that FDM can be supported. 
Proposal: Support FDM multiplexing between CORESET and SS block. 
When multiplexing with SS block in frequency domain we consider two options to multiplex CORESET for RSMI (or any other common signalling) with SS block in FDM manner as described in Figure 1.
[image: ]
[bookmark: _Ref492380751]Figure 1 Option for multiplexing CORESET for RMSI scheduling or other common signalling with SS block in FDM manner. 

3. 	Multiple CORESETs within a slot and TDM multiplexing with SS block targeted to multi-beam operation with limited system bandwidth where predefined association between CORESET and SS blocks
Under this approach there can be two strategies how TDM multiplexing with SS blocks is handled:
a) CORESET is allocated alongside SS block mapping pattern
b) CORESET for RMSI scheduling and corresponding PDSCH as an own sweep configured in different slots than associated SS block as a separate CORESET sweep

We exemplify a) in Figure 2 where we illustrate SS block mapping pattern with different SCS and possible CORESET allocation associated per each SS block. For the CORESET allocation we assume equal time-frequency allocation. This configuration would allow to pack efficiently the CORESET and SS blocks but it would be relatively complex to allocate corresponding PDSCH given the required number of symbols for the PDSCH may be rather high when the bandwidth is limited. 
Observations: When CORESET for RMSI scheduling are multiplexed with SS blocks in TDM manner in the same slots as SS blocks allocating corresponding PDSCH becomes rather complicated. 
[image: ]
[bookmark: _Ref492900799]Figure 2 CORESET is allocated alongside SS block mapping pattern.
Thus, option b) could be considered where beam sweeping sub-slot type structure is configured for CORESET (for RMSI scheduling) and PDSCH in slots not having (active) SS block positions. NR-PBCH should indicate the CORESET locations within a slot, starting slot position for the CORESET sweep and periodicity for CORESET sweep. An example is illustrated in Figure 3.
[image: ]
[bookmark: _Ref492909654]Figure 3 CORESET for RMSI scheduling in other slots than ones SS block can be mapped. 

As a summary, it’s seen that there would be merits to support all three different approaches for configuring CORESET for RMSI scheduling:
1. TDM multiplexing with SS block and allocated in the beginning of a slot targeted mainly to single-beam operation
2. FDM multiplexing with SS block targeted to multi-beam operation when system bandwidth allows for efficient broadcast DCI transmission
3. TDM multiplexing with SS block targeted to multi-beam operation with limited system bandwidth where predefined association between CORESET and SS blocks

Proposal: Support configuring the following approaches for CORESET for RMSI scheduling:
1. TDM multiplexing with SS block and allocated in the beginning of a slot targeted mainly to single-beam operation
2. FDM multiplexing with SS block targeted to multi-beam operation when system bandwidth allows for efficient broadcast DCI transmission
3. TDM multiplexing with SS block targeted to multi-beam operation with limited system bandwidth where predefined association between CORESET and SS blocks


2.1.3	Offset between SS block and PRB grid
RAN4 has sent an LS [4] to ask RAN1 opinion about so called “floating sync” concept where based on [3]:
· sync block is not RB aligned with the data RBs in the channel as shown in the Figure 1
· There is an arbitrary offset between the edge of the sync block RBs and the edge of the data RBs in the channel, this offset can be up to 11 REs (sub-carriers)
· enables multiple channels that are subcarrier grid aligned but not RB grid aligned to use the same sync block location
· Different channels that are offset by up to 11REs in frequency can re-use the same sync block frequency location

[image: ]
[bookmark: _Ref492298962]Figure 4 “Floating synch” description [4].

If “floating synch” was adopted, the NR-PBCH should signal the above mentioned offset between SS block position and PRB grid. As there could be 12 possible values, a 4-bit indication field is needed. 4 additional values could be used for some other purpose. As discussed above, sync raster entries will be defined for initial system acquisition while sync blocks can be transmitted also in other frequency locations if the position is signaled to the UE as agreed by RAN1 in RAN1#89:
	Agreements: R1-1709505	
· Support single and multiple SS block transmissions in wideband CC in the frequency domain
· For non CA UE with a smaller BW capability and potentially for  CA UE, the measurement gap for RRM measurement and potentially other purposes (e.g., path loss measurement for UL power control) using SS block is supported (if it is agreed that there is no SS block in the active BW part(s))
· UE can be informed of the presence/parameters of the SS block(s) and parameters necessary for RRM measurement 
· FFS: via either RMSI, other system information, or RRC signaling
· FFS: number of SS blocks in wideband
· FFS: number of SS blocks for RRM measurement
· FFS: Details of measurement configuration



In addition, as indicated by the WF [3], RAN4 has made following agreements: 
· sync raster will be defined such that there is a minimum number of entries for each band
· sync raster entries will be included in the specifications for each band
· sync raster entries will be defined for initial system acquisition, sync blocks can be transmitted in other frequency locations if the position is signaled to the UE

Now as discussed in [5] the ‘floating synch’ approach and having additional SS blocks sent, for example on wideband carrier, on locations that are outside the valid synchronization raster, could lead to some ambiguity for initial cell selection perspective. The other synch blocks not targeted to UEs performing initial system acquisition will likely be allocated in alignment with RB grid for efficient multiplexing with other physical channels, and thus are not possibly located in sync raster. This may cause ambiguity for the UE performing initial search, system acquisition and frequency synchronization that upon detection of an SS block the UE would assume that the SS block is in valid synchronization raster. One option to remove the ambiguity is that the UE may need to be informed that whether certain SS block is in valid synchronization raster or not. For that, above mentioned 4-bit indication field in NR-PBCH could be used as illustrated in Table 4.
[bookmark: _Ref492545724]Table 4 Indication field for signalling offset between SS block frequency domain location and PRB grid in RE level
	Value
	Description

	‘0000’
	SS block for initial freq. synch and offset to PRB grid 0 REs

	‘0001’
	SS block for initial freq. synch and offset to PRB grid 1 REs

	‘0010’
	SS block for initial freq. synch and offset to PRB grid 2 REs

	‘0011’
	SS block for initial freq. synch and offset to PRB grid 3 REs

	‘0100’
	SS block for initial freq. synch and offset to PRB grid 4 REs

	‘0101’
	SS block for initial freq. synch and offset to PRB grid 5 REs

	‘0110’
	SS block for initial freq. synch and offset to PRB grid 6 REs

	‘0111’
	SS block for initial freq. synch and offset to PRB grid 7 REs

	‘1000’
	SS block for initial freq. synch and offset to PRB grid 8 REs

	‘1001’
	SS block for initial freq. synch and offset to PRB grid 9 REs

	‘1010’
	SS block for initial freq. synch and offset to PRB grid 10 REs

	‘1011’
	SS block for initial freq. synch and offset to PRB grid 11 REs

	‘1100’
	Reserved

	‘1101’
	Reserved

	‘1110’
	Reserved

	‘1111’
	SS block NOT for initial freq. synch and offset to PRB grid 0 REs



Proposal: NR-PBCH signals offset between SS block frequency domain location (edge) and PRB grid. 
Proposal: NR-PBCH signals whether or not SS block is in sync raster.

2.1.4	Offset between lowest PRB of SS block and PRB 0 for CORESET
Two open items are how SS block is located in frequency in relation to CORESET frequency domain allocation and how CORESET frequency domain allocation is in relation to common bandwidth. It’s considered common bandwidth should be equal or less that minimum UE bandwidth. To simplify the design we consider that CORESET bandwidth would be equal to common bandwidth. 
Then what is the relationship between SS block frequency location and CORESET frequency location when TDM multiplexing is applied. We consider that SS block should be confined within frequency location of CORESET. Then in which granularity would be the next issue. Full PRB level granularity is not seen necessary but rather a restricted set of possible SS block locations within CORESET frequency allocation should be adopted. One simple approach is to have three possible positions:
1) SS block frequency position is in the center of the CORESET frequency allocation
2) SS block frequency position is in the low end of the CORESET frequency allocation
3) SS block frequency position is in the high end of the CORESET frequency allocation

Observation: Three values would be needed in NR-PBCH to signal SS block frequency position within CORESET frequency allocation: 
1)	SS block frequency position is in the center of the CORESET frequency allocation
2)	SS block frequency position is in the low end of the CORESET frequency allocation
3)	SS block frequency position is in the high end of the CORESET frequency allocation
However, as RAN4 has not yet agreed the final synchronisation raster, it may be that the RMSI frequency allocation would need to account more possible locations in respect to SS block frequency position.
Proposal: [2] bits are used to signal SS block frequency domain position in PRB level within CORESET frequency allocation.

2.2	Remaining details on DMRS design
Related to DMRS design for NR-PBCH, RAN1#90 made the following agreements:
	Agreements:
· Sequence mapping rule for PBCH-DMRS is frequency-first time-second mapping, in particular lowest to highest frequency mapping

R1-1714817	Discussion on NR-PBCH DMRS Sequence	Ericsson
Working assumption:
· Regarding the number of sequences and sequence mapping rule:
· Single long sequence is mapped to all PBCH-DMRS REs within a SS block
· LTE PN generator is reused for PBCH DMRS sequence generation, and related parameters are
· Gold Code LFSR size: 31
· Gold Code Polynomials: x31 + x3 + 1, x31 +x3 + x2 + x + 1
· Note that RAN1 may revisit the PN generator for PBCH DMRS if NR supports different PN generator for other usages
· Regarding EPRE offset between PBCH-DMRS and NR-PBCH data:
· FFS: UE may assume that same EPRE between NR-PBCH DMRS and NR-PBCH data is applied
· Note that power boosting is up to NW implementation
· Regarding Cell-ID-based frequency shift for PBCH-DMRS RE locations:
· vshift = NIDcell mod 4
· Regarding PBCH-DMRS sequence generation:
· PBCH-DMRS sequence is based on long Gold sequence (e.g., polynomial order >= 30)
· Sequence modulation is QPSK
Agreements:
· Sequence initialization is based on cell ID and SS block time index carried by PBCH-DMRS



We would like to confirm the working assumption but agree on the note that RAN1 may revisit the PN generator for PBCH DMRS if NR supports different PN generator for other usages.
Proposal: Confirm working assumption related to DMRS sequence generation.
Proposal: Regarding EPRE offset between PBCH-DMRS and NR-PBCH data, UE may assume that same EPRE between NR-PBCH DMRS and NR-PBCH data is applied. 
Proposal: Confirm working assumption regarding Cell-ID-based frequency shift for PBCH-DMRS RE locations. 
                                                                                                                                                                                                                                                                                                                                                                                                                                      
2.3	NR-PBCH content
Based on discussion in above section and RAN1 agreements, we summarize our view on the NR-PBCH content in Table 5.
[bookmark: _Ref492547105]Table 5 NR-PBCH content
	Parameter
	Number of bits
	Notes

	SFN
	10
	

	Half-frame timing
	1
	

	SS block location index
	3
	3 MSBs of SS block location index

	Configuration of frequency and time resources for CORESET for RMSI scheduling including indication RMSI not present
	X
	Includes slot based TDM multiplexing, FDM multiplexing and multiple CORESETs in slot in TDM multiplexing. One value to indicate that RMSI not present. 

	Offset between SS block frequency domain location and PRB grid in RE level and indication whether SS block in sync raster
	4
	

	Offset between SS block and CORESET in PRB level
	[2]
	

	Periodicity for CORESET for RMSI scheduling
	2
	E.g. 80, 160, 320 ms

	DL numerology to be used for RMSI, Msg.2/4 for initial access and broadcasted OSI
	2
	

	Spare
	8-X
	

	CRC
	24
	Working assumption

	Together
	56
	



3	Conclusions
In this contribution we discussed about remaining details for NR-PBCH and made the following observations and proposals:
Proposal: Support only REG bundle size 6 for CORESET for RMSI scheduling.
Proposal: Interleaved PDCCH transmission should be adopted for PDCCH transmitted in CORESET for RMSI scheduling.
Observations: For TDM multiplexing CORESET with SS block 5 frequency x time allocation combinations can support aggregation level 8 when assuming max 48 PRBs’ frequency allocation in one symbol. 
Proposal: Support FDM multiplexing between CORESET and SS block. 
Observations: When CORESET for RMSI scheduling are multiplexed with SS blocks in TDM manner in the same slots as SS blocks allocating corresponding PDSCH becomes rather complicate.
Proposal: Support configuring the following approaches for CORESET for RMSI scheduling:
1. TDM multiplexing with SS block and allocated in the beginning of a slot targeted mainly to single-beam operation
2. FDM multiplexing with SS block targeted to multi-beam operation when system bandwidth allows for efficient broadcast DCI transmission
3. TDM multiplexing with SS block targeted to multi-beam operation with limited system bandwidth where predefined association between CORESET and SS blocks

Proposal: NR-PBCH signals offset between SS block frequency domain location (edge) and PRB grid. 
Proposal: NR-PBCH signals whether or not SS block is in sync raster.
Observation: Three values would be needed in NR-PBCH to signal SS block frequency position within CORESET frequency allocation: 
1)	SS block frequency position is in the center of the CORESET frequency allocation
2)	SS block frequency position is in the low end of the CORESET frequency allocation
3)	SS block frequency position is in the high end of the CORESET frequency allocation
Proposal: [2] bits are used to signal SS block frequency domain position in PRB level within CORESET frequency allocation.
Proposal: Confirm working assumption related to DMRS sequence generation.
Proposal: Regarding EPRE offset between PBCH-DMRS and NR-PBCH data, UE may assume that same EPRE between NR-PBCH DMRS and NR-PBCH data is applied. 
Proposal: Confirm working assumption regarding Cell-ID-based frequency shift for PBCH-DMRS RE locations.

The following table summarizes our view on NR-PBCH payload:
	Parameter
	Number of bits
	Notes

	SFN
	10
	

	Half-frame timing
	1
	

	SS block location index
	3
	3 MSBs of SS block location index

	Configuration of frequency and time resources for CORESET for RMSI scheduling including indication RMSI not present
	X
	Includes slot based TDM multiplexing, FDM multiplexing and multiple CORESETs in slot in TDM multiplexing. One value to indicate that RMSI not present. 

	Offset between SS block frequency domain location and PRB grid in RE level and indication whether SS block in sync raster
	4
	

	Offset between SS block and CORESET in PRB level
	2
	

	Periodicity for CORESET for RMSI scheduling
	2
	E.g. 80, 160, 320 ms

	DL numerology to be used for RMSI, Msg.2/4 for initial access and broadcasted OSI
	2
	

	Spare
	8-X
	

	CRC
	24
	Working assumption

	Together
	56
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