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1. Introduction
The NR-PBCH content was discussed in the previous meeting[1], and it is agreed that for SS block without associated RMSI on a sync raster, RMSI-PDCCH-Config is used to signal the next sync raster that UE should search for cell-defining SS block. In this contribution, we provide some views on remaining aspects on NR-PBCH based on previous agreements and further suggest some modifications to the TS 38.211.
Note: This contribution is revised from R1-1719757 submitted in RAN1 91 meeting.
2. Discussion

2.1. Remaining aspects on NR-PBCH
Auxiliary information for cell-defining SS block:
According to email discussion [91-NR-04], an indication of RMSI presence is provided by using reserved codepoints in SSB-subcarrier-offset, RMSI-PDCCH-Config is also reused to signal the next sync raster if the detected SS block is not associated with RMSI. It brings potential benefits including reducing cell search delay and saving UE power consumption, especially for wideband CC.  UE can try to search for cell-defining SS block on the pointed sync raster.

From perspective of deployment, SS blocks of different cells are probably to be transmitted on same sync raster. As a result, even if the location of the next sync raster is indicated in MIB, UE still need to search on the sync raster and select a cell to access. For instance, as shown in Figure 1, UE is indicated to retune to f1 on which two cells are transmitting SS blocks simultaneously, SSB1 corresponding to cell A is a cell defining SS block and SSB2 of cell B is transmitted for measurement, then UE may select cell B instead of cell A if the RSRP/RSRQ of SSB2 is stronger than that of SSB1. The cell search delay could become larger if more cells are expected to be deployed on the same frequency.
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Figure 1. Multiple cells transmitting SS blocks on the same sync raster
It is worth noting that, in principle, most of the already agreed information elements carried by NR-PBCH are mainly used for initial access or cell camping. However, for SS blocks without associated RMSI like SSB0, those information elements would be no longer necessary to be kept in NR-PBCH since UE cannot obtain RMSI. Therefore, reserved bits and some information elements, such as the upper layers generated part, are available to be reused for delivering some auxiliary information of the cell defining SS block on the pointed sync raster, by which the complexity and delay of cell search can be reduced without hurting the performance of MIB combining. For example, reuse 7MSB of Systemframenumber, subCarrierSpacingCommon, dmrs-TypeA-Position and 1 reserved bit to indicate a complete physical cell ID or to indicate part of the PCI information (N_ID1 or N_ID2).
Proposal 1: For SS block without associated RMSI, reserved bits and some information elements in NR-PBCH can be used for indicating some auxiliary information, such as PCI, N_ID1 or N_ID2 of the cell defining SS block on the next sync raster. 
NR-PBCH extension for future usage:

According to the plan of 3GPP, Rel-15 primarily focus on eMBB communications and some other urgent commercial needs. The support of other types of services e.g. URLLC and mMTC communications, are part of the critical requirements for next stage. These new services may require NR-PBCH extension since the MIB payload size is very limited according to current working assumption. It is recommended to predefine a set of resources for information of subsequently introduced services and extended features, while NR-PBCH should include an NR-PBCH extension indicator to inform UE of the service type. Rel-15 UE can simply ignore these bits for forward compatibility purposes. The following table is an example of NR-PBCH extension indicator. 
Table 1: NR-PBCH extension indicator

	Bits in NR-PBCH
	service type

	00
	e.g. NR-PBCH extension for mMTC services.

	01
	e.g. NR-PBCH extension for URLLC services.

	10-11
	Reserved for other services.


While one spare bit is required by RAN2 for NR further usage, we propose that it can be jointly encoded with the NR-PBCH extension indicator. 

To maintain the consistency of the NR-PBCH payload size in different frequency ranges, 2 extra bits are reserved for below 6Ghz frequency range case, as 3 explicit bits are needed for time index indication for above 6 GHz frequency range case. These 2 extra bits can be used for other purposes in subsequent releases, for example, LTE-NR coexistence. 
Proposal 2: 2 explicit bits are used for NR-PBCH extension for future usage.
Proposal 3: For above 6Ghz frequency range case, 0 bits are reserved; for below 6GHz frequency range case, 2 bits are reserved to support same payload size between below-6 and above-6 GHz. The 2 extra bits may be reserved for some specific usage for below-6 GHz case, for example, LTE-NR coexistence.
Table 1: Content of NR-PBCH

	Information element
	Size(bits)

	SFN
	10

	Half radio frame index
	1

	SS block time index
	>6Ghz: 3

<6Ghz: 0

	Floating sync
	>6Ghz: 4
<6Ghz: 5

	Information for remaining minimum system information scheduling
	8

	DL numerology
	1

	NR-PBCH extension for future usage

(include 1 bit reserved for RAN2)
	2

	CRC
	24

	PDSCH DMRS indication
	1

	Information for quick identification that UE cannot camp on the cell
	2

	Reserved bits
	>6Ghz: 0

<6Ghz: 2

	Total
	56


Information elements that must be included in NR-PBCHare summarized in Table 1.
Some comments on 38.211[2] are also provided in this contribution. Reasons for proposing such moderation please be referred to the highlighted part in yellow.
Proposal 4: Update TS 38.211 with the proposed TP. 
3. Conclusion

This contribution has discussed some remaining issues on NR-PBCH with the following proposals:
Proposal 1: For SS block without associated RMSI, reserved bits and some information elements in NR-PBCH can be used for indicating some auxiliary information, such as PCI, N_ID1 or N_ID2 of the cell defining SS block on the next sync raster. 
Proposal 2: 2 explicit bits are used for NR-PBCH extension for future usage.
Proposal 3: For above 6Ghz frequency range case, 0 bits are reserved; for below 6GHz frequency range case, 2 bits are reserved to support same payload size between below-6 and above-6 GHz. The 2 extra bits may be reserved for some specific usage for below-6 GHz case, for example, LTE-NR coexistence.
Proposal 4: Update TS 38.211 with the proposed TP.
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Appendix: TP for 38.211
7.3.3.1
Scrambling

The UE shall assume the block of bits
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 is the number of bits transmitted on the physical broadcast channel, are scrambled prior to modulation, resulting in a block of scrambled bits 
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where the scrambling sequence 
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 is given by clause 5.2. The scrambling sequence shall be initialized with 
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 is determined by according to Table 7.3.3.1-1 using the two least significant bits of the SS/PBCH block index
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 is determined by according to Table 7.3.3.1-1 using the three least significant bits of the SS/PBCH block index

Table 7.3.3.1-1: Value of 
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  for PBCH DMRS sequence generation

	The two or three least significant bits of SS/PBCH index
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	(0, 0)
	(0, 0, 0)
	0

	(0, 1)
	(0, 0, 1)
	1

	(1, 0)
	(0, 1, 0)
	2

	(1, 1)
	(0, 1, 1)
	3

	(1, 0, 0)
	4

	(1, 0, 1)
	5

	(1, 1, 0)
	6

	(1, 0, 1)
	7


with 
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 being the maximum number of SS/PBCH blocks in an SS/PBCH period for a particular band as given by [38.104].

 (Note: 
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 is integer value rather than ‘bits’.) 
7.4.1.4
Demodulation reference signals for PBCH

7.4.1.4.1
Sequence generation

The UE shall assume the reference-signal sequence 
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where 
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 is given by clause 5.2. The scrambling sequence generator shall be initialized at the start of each SS/PBCH block occasion with 
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(Note: 
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 is the number of the half-frame in which the PBCH is transmitted in frame and 
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 is determined by according to Table 7.3.3.1-1 using the two least significant bits of the SS/PBCH index as defined in [5, TS 38.213]
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 is determined by according to Table 7.3.3.1-1 using the three least significant bits of the SS/PBCH index as defined in [5, TS 38.213]

[image: image36.wmf]max

L

 is the maximum number of SS/PBCH blocks in an SS/PBCH period for a particular band as given by [38.104]. 

(Note: ‘beams’ should be replaced by ‘blocks’. As it’s stated in 7.3.3.1, the description of 
[image: image37.wmf]max

L

 can be removed here.)
7.4.3.1 Time-frequency structure of an SS/PBCH block

In the frequency domain, an SS/PBCH block consists of 240 contiguous subcarriers with the subcarriers numbered in increasing order from 0 to 239 within the SS/PBCH block. The quantities   and   represent the frequency and time indices, respectively, within one SS/PBCH block. The UE may assume resource elements denoted as 'Set to 0' in Table 7.4.3.1-1 are set to zero. 

Subcarrier 0 of an SS/PBCH block is 
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 subcarrier(s) offset from the subcarrier 0 of common resource block 
[image: image41.wmf]SSB

CRB

N

, where 
[image: image42.wmf]0

k

 is obtained from the higher-layer parameter SSB-subcarrier-offset, and 
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 is obtained from the higher-layer parameter offset-ref-low-scs-ref-PRB.
 (Note: the value
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 maybe greater than 12, e.g. 13, there is no subcarrier 13 in a common resource block.)
Any common resource block partially or fully overlapping with an SS/PBCH block shall be viewed as occupied and not used for transmission of PDSCH or PDCCH. The UE may assume resource elements not used for SS/PBCH transmission but part of a partially overlapping common resource to be set to zero. 

For an SS/PBCH block, the UE shall assume 

-
antenna port 
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the same cyclic prefix length and subcarrier spacing for the PSS, SSS, and PBCH,

-
for SS/PBCH block type A, 
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 is expressed in terms of 15kHz subcarrier spacing, and 
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 is expressed in terms of 15 kHz subcarrier spacing, and

-
for SS/PBCH block type B, 
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 is expressed in terms of subcarrier spacing configured by higher layer parameter RMSI-scs, and 
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 is expressed in terms of 60 kHz subcarrier spacing.

(Note: the unit of 
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, which is a subcarrier spacing, should be described. As agreed in RAN1 #91, for FR1, RAN1 agrees to increase from 4-bit PRB grid offset to 5-bit PRB grid offset in PBCH where the 5-bit PRB gird offset in PBCH is in unit of subcarrier based on 15kHz SCS, while for FR2, there is still 4-bit PRB grid offset and RAN1 assumes the 4-bit PRB grid offset in PBCH is in unit of subcarrier based on RMSI numerology.)
The UE may assume that SS/PBCH blocks transmitted with the same block index are quasi co-located with respect to Doppler spread, Doppler shift, average gain, average delay, and spatial Rx parameters. The UE shall not assume quasi co-location for any other SS/PBCH block transmissions.
Table 7.4.3.1-1: Resources within an SS/PBCH block for PSS, SSS, PBCH, and DM-RS for PBCH. 

	Channel or signal
	OFDM symbol number l relative to the start of an SS/PBCH block
	Subcarrier number 
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relative to the start of an SS/PBCH block

	PSS
	0
	56, 57, …, 182

	SSS
	2
	56, 57, …, 182

	Set to 0
	0
	0, 1, …, 55, 183, 184, …, 239

	
	2
	48, 49, …, 55, 183, 184, …, 191

	PBCH
	1, 3
	0, 1, …, 239

	
	2
	0, 1, …, 47, 
192, 193, …, 239

	DM-RS for PBCH
	1, 3
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Appendix: Agreements on PBCH content
Agreements on NR-PBCH content in previous meeting [1]: 

Agreements:

· Confirming the working assumption on SS/PBCH bandwidth of X=20 PRB

· Confirming the working assumption of having the same DMRS density in the SSS symbols as already agreed for PBCH symbols

· Confirming the working assumption that the EPRE offset between SSS RE and PBCH DM-RS RE is 0 dB
Agreements:

· The SS block resource elements are:

· Subcarriers 0 to 239 in all four symbols

· Subcarriers 48 to 55 and 183 to 191(according to the numbering in the definition of SS/PBCH block in 38.211) in symbols allocated to PSS and SSS are transmitted with zero power

· The REs not used for SS/PBCH block of any data PRB that partially or fully contain SS block resource elements are transmitted with zero power and other physical channels are rate matched around such PRBs

· Note: The SS/PBCH block PRB grid offset is applied to the whole SS/PBCH block and the above subcarrier numbering is before the shift

Agreements:

· Confirm the working assumption of:

· NR supports the scheme of 'Group-Bitmap (8 bits) + Bitmap in Group (8 bits)' for actual transmitted SS/PBCH block position indication in RMSI for above 6GHz frequency range

Agreements:

· In Rel-15, no support of dedicated signalling of the location of additional multiple SS/PBCH blocks in frequency domain of a cell for rate matching purposes 

Agreements:

· The periodicity of the SS/PBCH blocks for the serving cell is included in the RMSI of the serving cell
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
Conclusion:

· gNB indication of transmitted SS block that partially or fully overlap with TDD GP or UL is considered an error in configuration and no UE behavior needs to be specified 

Agreements:

· There is no indication of SS/PBCH block repetition in Rel-15

Conclusion:

· No further action is needed in RAN1 on the issue raised in R1-1719756 regarding SS burst set composition for 30kHz SCS 

· If there are LTE-NR coexistence bands that overlap with frequency bands that do not support LTE-NR coexistence, companies should raise this issue in RAN4.

R1-1721588
Summary of 7.1.1 Remaining Details on Synchronization signal
Ericsson

Agreements:

· gNB indication of the transmitted cell-defining SS blocks that partially or fully overlap with reserved resources is considered an error in configuration for the given transmitted cell-defining SS blocks

· No UE behavior needs to be specified 
Agreements:

· The time/frequency synchronization for a serving cell without a SS/PBCH block is based on the PCell or the pScell in the given cell group for the serving cell in Rel-15

Agreements:

· Support QCL between SSB and other broadcast signaling w.r.t. all parameters, i.e., spatial QCL, average channel gain, Doppler shift, Doppler spread, average channel delay, and channel delay spread.

· The broadcast signaling corresponds to the DMRS of NR-PDCCH transmitted in the CORESET for RMSI and the DMRS of NR-PDSCH for RMSI/broadcast OSI, the DMRS of NR-PDCCH transmitting Paging DCIs and the DMRS of NR-PDSCH transmitting Paging Messages, the DMRS of PDCCH and the DMRS of PDSCH conveying Msg2, the DMRS of PDCCH conveying Msg3 grant, the DMRS of PDCCH and if applicable the DMRS of PDSCH conveying Msg4.
Agreements:

· Confirm working assumption on NR-PBCH payload size of 56 bits (including CRC).

Agreements:

· Confirm working assumption that a 4-bit PRB grid offset is carried by NR-PBCH

· Discuss further how to specify the shift

· FFS: Use of reserved values (e.g., to indicate presence of RMSI, etc.) and possible joint coding

· 8 bits for RMSI configuration in PBCH

· FFS whether or not to support joint coding (e.g., PRB grid offset+RMSI config., etc.) 

· If no RMSI is associated with SSB (if supported), FFS whether or not to reuse for other purposes

· Confirm the working assumption for PBCH 1st scrambling initialization, clarify that C_init = N^cell_ID

· The 2nd PBCH scrambling is a Gold sequence initialized by cell ID. 

· C_init = N^cell_ID

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.

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.[image: image58.png]
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