[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG1 NR AH #18-01	R1-1800803
Vancouver, Canada January 22nd – 26th 2018

Agenda item:		7.1.2.1
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Source:	Nokia, Nokia Shanghai Bell
Title:	Remaining details on NR-PBCH
Document for:		Discussion and Decision
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.
2	Half-frame indication
In RAN1#90bis following two agreements were made in relation to half-frame indication [1]:
	[bookmark: _Hlk501453527]Agreements:
· One-bit half frame indication is part of PBCH payload, and when CSI-RS for measurement has a periodicity of 20ms or larger, the UE assumes the network is “synchronous” for the purpose of measurement
· For 3GHz and below, half frame indication is further implicitly signaled as part of PBCH DMRS for max L=4
Agreements:
· [image:  ]The initialization for PBCH DMRS is:

· For max L=4, [image: ] where HF=0 in the first half frame of a radio frame and HF=1 in the second half frame of a radio frame
· For max L=8, and max L=64  [image: ]





The corresponding text in 38.211 Section 7.4.1.4.1 is as follows:
	The scrambling sequence generator shall be initialized at the start of each SS/PBCH block occasion with 


where



-	for ,  is the number of the half-frame in which the PBCH is transmitted in  frame and  is the two least significant bits of the SS/PBCH index as defined in [5, TS 38.213]




-	for  or  ,  and  is the three least significant bits of the SS/PBCH index as defined in [5, TS 38.213]





Now it can be seen that there is a slight difference in the PSS/PBCH DMRS sequence initialization for Lmax=4 case between the agreed behavior in RAN1#90bis (where half-frame indication nhf is (binary) shifted) and 38.211 (where the LSB’s of SS/PBCH index, iSSB, are shifted). Technically both options are comparable and achieve the same functionality in terms of signaling. The main difference comes from the need to have different mapping between DMRS sequence options to SS/PBCH index. 
Observation: For SS/PBCH DMRS sequence initialization for Lmax=4 case there is difference between the agreed methodology and 38.211 methodology resulting different mapping from DMRS sequence to iSSB for different Lmax cases.
While the difference is minor, it appears partly unnecessary and it could be good to consider whether the behavior described in 38.211 should be aligned between different Lmax cases. 

Proposal: Consider whether the definition of for Lmax=4 in 38.211 should be aligned with the decision in RAN1#90bis.
3	Physical layer generated signals
In relation MIB content, it was agreed in RAN1#91 to define 3 MSB of SS/PBCH index, 1 half radio frame index and 4 LSB of SFN as physically generated signals as follows [2]:
	[bookmark: _Hlk503191598]Agreements:
· Define the 3 MSB of SS/PBCH block index (or 3 reserved bits in FR1), 1 bit half radio frame index, 4 LSB of SFN from the PBCH payload as physical layer generated signals. The rest of the PBCH payload will be provided by upper layers with 80 msec TTI.



It has been also agreed earlier that the 3(or 2) LSBs SS/PBCH block index are provided through PBCH DMRS sequence initialization [38.211]. In current description of PBCH payload generation in Section 7.1.1 of 38.212 the physical layer generated signals are described as follows:
	
Generate the following additional timing related PBCH payload bits , where:

-	 are the 4th , 3rd, 2nd, and 1st LSB of SFN, respectively;


-	 is the half radio frame bit ;

-	 are the 3rd, 2nd, and 1st LSB of SS/PBCH block index, respectively.





As can be seen there is an inconsistency between the agreement made and current wording in the specification. To achieve the desired functionality, it is proposed that the  are defined as the 4th, 5th, and 6th LSB of SS/PBCH block index, (i.e. 3rd, 2nd, and 1st MSB).

Proposal: Align the generation on additional timing related PBCH payload bits  to correspond the 3 MSB of the SS/PBCH block index as agreed in RAN1#91. 

4	SS/PBCH block raster locations and RMSI presence
Based on RAN1#91 agreements SS/PBCH blocks can be located either on or off the synch raster [2]. 
	Agreements:
· For measurement, SSB frequency location (except for cell defining SS/PBCH blocks of the serving cell which supports standalone access) may or may not be located on the sync raster




The blocks on the synch raster can be ‘cell defining’ SS/PBCH blocks that have associated RMSI, whereas additional SS/PBCH blocks can be located off the synch raster and are used e.g. for measurements. These off-raster SS/PBCH blocks would not have valid RMSI information. Possibly also a third class of SS/PBCH blocks can be considered, such that they reside on the SS-raster, but do not encompass valid RMSI.
In relation to these SS/PBCH blocks it was agreed [4] in RAN1#91 email discussion “[91-NR-04] RMSI presence indication” that for an SS/PBCH block on the sync raster, the indication of no associated RMSI can be done using reserved value(s) in SSB-subcarrier-offset. And, if there is no associated RMSI present, RMSI-PDCCH-Config of NR-PBCH payload can be used to signal the next sync raster that UE should search for cell-defining SSB.
	Agreements:
· For an SSB on the sync raster, the indication of no associated RMSI is done using reserved value(s) in SSB-subcarrier-offset. If no RMSI present, RMSI-PDCCH-Config is  used to signal the next sync raster that UE should search for  cell-defining SSB.



In subsequent, we discuss about how the aforementioned indication can be done accounting also the latest RAN4 agreements in relation to channel and SS raster.
Based on RAN4 agreements in [3] the channel raster for NR per frequency range would be as follows:
	Frequency range
	Channel raster

	0 – 3000 MHz (FR1)
	5 kHz

	[bookmark: _GoBack]3000 – 24000 MHz (FR1)
	15 kHz

	24000 – 100000 MHz (FR2)
	60 kHz



and SS raster entries would be as follows:
	Frequency range
	SS raster entries

	0 – 2650 MHz (FR1)
	N×900 kHz + M×5 kHz, N=1:[2944], M=-1:1

	2400 – 24000 MHz (FR1)
	2400MHz + N×1.44MHz,N= 0:[15173]

	24000 – 100000 MHz (FR2)
	[24250.08] MHz+N×[17.28]MHz, N= 0:[4383]



Considering UE’s initial cell search and assuming ±10 ppm initial carrier frequency error due to oscillator mismatch, the initial CFOs and frequency difference between neighboring SS raster entries are as follows:
	Carrier frequency
	Initial CFO
	Frequency difference between neighboring SS entries

	2650 MHz (FR1)
	±26.5 kHz
	5 kHz in the cluster of three entries, clusters 900 kHz apart from each other

	6000 MHz (FR1)
	±60 kHz
	1.44 MHz

	30000 MHz (FR2)
	±300 kHz
	17.28 MHz



Based on above calculations the UE may have ambiguity in determining the correct carrier frequency because the frequency difference between SS raster entries within a cluster of three is less than the initial CFO at the UE at below 2650 MHz carrier frequency range. In other words, when the UE detects NR-PSS there may be uncertainty at the UE whether the NR-PSS is located in the left most, center or the right most SS entry of the cluster three entries (i.e. M={-1,0,+1}).
Observation: At below 2650 MHz carrier frequency range the UE may have uncertainty about the correct carrier frequency the NR-PSS is located because of SS raster entries being allocated in clusters where frequency difference of the entries within the cluster may be lower than UE’s initial CFO.
Observation: At below 2650 MHz, the UE may need to be indicated which one of the three entries of the SS entry cluster the NR-PSS is transmitted using two available reserved bits in NR-PBCH (two of three bits used for 3 MSBs of an SS block location index at above 6 GHz).
As discussed in [3], direct indication about the next sync raster could be preferably implemented as ARFCN for the SS raster i.e. indicating the location of the SS/PBCH with RMSI directly. For instance, let’s consider an NR band n79 (being considered for Rel-15 by RAN4) that has 600 MHz bandwidth at 4.5 GHz. 256 states in RMSI-PDCCH-Config can point SS raster entries within a ~370 MHz bandwidth (assuming 1.44MHz raster). To be able to point to each SS entry within 600 MHz bandwidth, the indication range should be extended. For this band SSB-subcarrier-offset parameter could have two states reserved for indicating that no RMSI and that RMSI-PDCCH-Config points to the next cell defining SSB. First state could indicate the first 256 entry points within a band and the second state the next 256 entry points within a band. Similar observation can be made for n77, where 900MHz total bandwidth is supported, one additional range would be needed to cover the full extent of the band.
Proposal: SSB-subcarrier-offset has three states for indicating whether RMSI-PDCCH-Config indicates first 256 SS entries within a band, next SS entries 257-512 or 513-768 within a band at below 6 GHz.
In addition, as agreed, it is possible to introduce additional SS/PBCH blocks for example for measurement purposes. These off-raster SS/PBCH blocks are allocated in alignment with RB grid in order to achieve efficient multiplexing with other physical channels. These off-raster SS/PBCH blocks may cause ambiguity for the UE performing initial search, system acquisition and frequency synchronization. Hence, upon detection of an off-raster SS/PBCH block the UE would assume that the SS/PBCH block is in the SS raster in case where the additional SS/PBCH block is placed close to actual SS raster location (≤initial CFO). In case of the SS-raster at ≤2650MHz, it may be beneficial if the UE is informed whether certain detected SS/PBCH block is in SS raster or not. Furthermore, if the additional off-raster SS/PBCH block can be placed so close to the actual SS raster that UE may detect it in initial cell selection, it could also be possible to extend the re-use of RMSI-PDCCH-Config also for the additional, off-raster SS/PBCH blocks.
In addition, it could be possible that for certain carriers/bands for a given operator, there would not necessarily be any SS/PBCH blocks that carry valid RMSI information, and only for example off-raster SS/PBCH blocks would be present. Hence there would be a need to reserve certain index to inform this to UE. Naturally UE is not at this stage necessarily aware to which PLMN the detected SS/PBCH block belongs to and hence cannot conclude that there are not any SS/PBCH blocks with valid RMSI in the given band e.g. by other operators. Therefore, in these cases UE should not necessarily stop searching for additional SS/BPCH blocks. Of course it could be considered, that the CORESET information would be re-used to indicate a range within which UE should not expect to find SS/PBCH block with valid RMSI information, enabling UE to skip these in the initial cell selection. In other words, it may be beneficial for the UE performing initial search to know from which frequency range at least it cannot find SSB with RMSI needed for initial access. 
[bookmark: _Hlk503460312]Observation: There is a need also to indicate to the UE if there is no SS/PBCH with valid RMSI information (e.g. for a given operator). In this case it would be preferable that UE would not stop the initial cell selection procedure on the given carrier.
Observation: It is seen beneficial for the UE performing initial search to know from which frequency range it cannot find SSB with RMSI needed for initial access.
Thus, there are at least two types of no-RMSI-indication signaling needed. Type 1: no RMSI indication + information where the next cell defining SS/PBCH block is located. Type 2: no RMSI indication + information about the frequency range where the UE cannot find SS/PBCH block with RMSI. 
Observation: There are at least two types of no RMSI indication signaling needed:
		Type 1: no RMSI indication + information where the next cell defining SS/PBCH block is located
Type 2: no RMSI indication + information about the frequency range where the UE cannot find SS/PBCH block with RMSI

Proposal: PBCH supports indication that there are no RMSI (using SSB-subcarrier-offset field) and the frequency range where there is no SSB with RMSI (that RMSI-PDCCH-Config in PBCH indicates). 
As a result, given the potential need to signal which one of the SS raster entries of the cluster of three, to signal whether SS/PBCH block is in raster or not, to signal whether or not RMSI is present and in case RMSI is not present to signal within which frequency range RMSI is not present a 7-bit signaling is needed in NR-PBCH as presented in Table 1.  
[bookmark: _Ref501631900]Table 1. 7-bit signaling in NR-PBCH for SS-subcarrier-offset, SS raster entry within a cluster of entries, on- or off-SS raster SS/PBCH block and RMSI presence indication at below 6 GHz
	Signalled index
	Subcarrier to PRB grid offset
	SS entry in cluster of three [M]
	Signalled index
	Subcarrier to PRB grid offset
	SS entry in cluster of three

	0
	SSB-subcarrier-offset = 0
	-1
	48
	SSB-subcarrier-offset = 0
	+1

	1
	SSB-subcarrier-offset = 1
	-1
	49
	SSB-subcarrier-offset = 1
	+1

	2
	SSB-subcarrier-offset = 2
	-1
	50
	SSB-subcarrier-offset = 2
	+1

	3
	SSB-subcarrier-offset = 3
	-1
	51
	SSB-subcarrier-offset = 3
	+1

	4
	SSB-subcarrier-offset = 4
	-1
	52
	SSB-subcarrier-offset = 4
	+1

	5
	SSB-subcarrier-offset = 5
	-1
	53
	SSB-subcarrier-offset = 5
	+1

	6
	SSB-subcarrier-offset = 6
	-1
	54
	SSB-subcarrier-offset = 6
	+1

	…
	…
	…
	…
	…
	+1

	20
	[bookmark: _Hlk503518911]SSB-subcarrier-offset = 20
	-1
	64
	SSB-subcarrier-offset = 20
	+1

	21
	SSB-subcarrier-offset = 21
	-1
	65
	SSB-subcarrier-offset = 21
	+1

	22
	SSB-subcarrier-offset = 22
	-1
	66
	SSB-subcarrier-offset = 22
	+1

	23
	SSB-subcarrier-offset = 23
	-1
	67
	SSB-subcarrier-offset = 23
	+1

	24
	SSB-subcarrier-offset = 0
	0
	68
	SS/PBCH block in synch raster and no RMSI, next synch raster to search SSB given by RMSI-PDCCH-Config is among the first 256 entries within the band
	

	25
	SSB-subcarrier-offset = 1
	0
	69
	SS/PBCH block in synch raster and no RMSI, next synch raster to search SSB given by RMSI-PDCCH-Config is among the entries 257-512 within the band 
	

	26
	SSB-subcarrier-offset = 2
	0
	70
	SS/PBCH block in synch raster and no RMSI, next synch raster to search SSB given by RMSI-PDCCH-Config is among the entries 512-768 within the band 
	

	27
	SSB-subcarrier-offset = 3
	0
	71
	SS/PBCH block in synch raster and no RMSI within frequency range indicated by RMSI-PDCCH-Config
	

	28
	SSB-subcarrier-offset = 4
	0
	72
	SS/PBCH block not in synch raster, no RMSI and SSB-subcarrier-offset = 0 
	

	29
	SSB-subcarrier-offset = 5
	0
	73
	Reserved
	…

	30
	SSB-subcarrier-offset = 6
	0
	…
	…
	…

	…
	…
	…
	
	
	

	44
	SSB-subcarrier-offset = 20
	0
	
	
	

	45
	SSB-subcarrier-offset = 21
	0
	
	
	

	46
	SSB-subcarrier-offset = 22
	0
	
	
	

	47
	SSB-subcarrier-offset = 23
	0
	
	
	


 
Then for above 6 GHz carrier frequency ranges there is no need for indicating used SS raster entry within a cluster of entries and thus 4-bit indication signaling would be enough to signal SSB-subcarrier-offset, to signal whether SS/PBCH block is in raster or not and to signal whether or not RMSI is present and in case RMSI is not present to signal within which frequency range RMSI is not present as illustrated in Table 2.
[bookmark: _Ref501632439]Table 2. 4-bit for SS-subcarrier-offset, on- or off-SS raster SS/PBCH block and RMSI presence indication at above 6GHz
	Signalled index
	Subcarrier to PRB grid offset

	0
	SSB-subcarrier-offset = 0

	1
	SSB-subcarrier-offset = 1

	2
	SSB-subcarrier-offset = 2

	3
	SSB-subcarrier-offset = 3

	4
	SSB-subcarrier-offset = 4

	5
	SSB-subcarrier-offset = 5

	6
	SSB-subcarrier-offset = 6

	7
	SSB-subcarrier-offset = 7

	8
	SSB-subcarrier-offset = 8

	9
	SSB-subcarrier-offset = 9

	10
	SSB-subcarrier-offset = 10

	11
	SSB-subcarrier-offset = 11

	12
	SS/PBCH block in synch raster and no RMSI, next synch raster to search SSB is given by RMSI-PDCCH-Config

	13
	SS/PBCH block in synch raster and no RMSI within frequency range indicated by RMSI-PDCCH-Config

	14
	SS/PBCH block not in synch raster and SSB-subcarrier-offset = 0

	15
	Reserved



As a summary we make the following observations regarding the joint coding:
Observation: 7 bits are needed to signal UE with SS-subcarrier-offset, SS raster entry within a cluster of entries, on- or off-SS raster SS/PBCH block and RMSI presence indication at below 6 GHz. 
Observation: 4 bits are needed to signal UE with SS-subcarrier-offset, on- or off-SS raster SS/PBCH block and RMSI presence indication at above 6 GHz.
5	Conclusions
In this contribution we discussed about some aspects for NR-PBCH design and made the following observations and proposals.
In contest of the half-frame indication on PBCH we made following observation and proposal
Observation: For SS/PBCH DMRS sequence initialization for Lmax=4 case there is difference between the agreed methodology and 38.211 methodology resulting different mapping from DMRS sequence to iSSB for different Lmax cases.

Proposal: Consider whether the definition of  for Lmax=4 in 38.211 should be aligned with the decision in RAN1#90bis.
Regarding the physical layer generated signals in PBCH a proposal was made:- 

Proposal: Align the generation on additional timing related PBCH payload bits  to correspond the 3 MSB of the SS/PBCH block index as agreed in RAN1#91.
On the SS/PBCH block raster locations and RMSI presence following observations and proposals were made:
Observation: At below 2650 MHz carrier frequency range the UE may have uncertainty about the correct carrier frequency the NR-PSS is located because of SS raster entries being allocated in clusters where frequency difference of the entries within the cluster may be lower than UE’s initial CFO.
Observation: At below 2650 MHz, the UE could be indicated which one of the three entries of the SS entry cluster the NR-PSS is transmitted using two available reserved bits in NR-PBCH (two of three bits used for 3 MSBs of an SS block location index at above 6 GHz).
Proposal: SSB-subcarrier-offset has three states for indicating whether RMSI-PDCCH-Config indicates first 256 SS entries within a band, next SS entries 257-512 or 513-768 within a band at below 6 GHz.
Observation: There is a need also to indicate to the UE if there is no SS/PBCH with valid RMSI information (e.g. for a given operator). In this case it would be preferable that UE would not stop the initial cell selection procedure on the given carrier.
Observation: It is seen beneficial for the UE performing initial search to know from which frequency range it cannot find SSB with RMSI needed for initial access.
Observation: There are at least two types of no RMSI indication signaling needed:
		Type 1: no RMSI indication + information where the next cell defining SS/PBCH block is located
Type 2: no RMSI indication + information about the frequency range where the UE cannot find SS/PBCH block with RMSI

Proposal: PBCH supports indication that there are no RMSI (using SSB-subcarrier-offset field) and the frequency range where there is no SSB with RMSI (that RMSI-PDCCH-Config in PBCH indicates). 
Observation: 7 bits are needed to signal UE with SS-subcarrier-offset, SS raster entry within a cluster of entries, on- or off-SS raster SS/PBCH block and RMSI presence indication at below 6 GHz. 
Observation: 4 bits are needed to signal UE with SS-subcarrier-offset, on- or off-SS raster SS/PBCH block and RMSI presence indication at above 6 GHz.
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