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1. Introduction

At the RAN1#91 meeting, remaining details on NR-PBCH were discussed and RAN1 made following agreements [1]. 
	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.


In the email discussion [91-NR-04], RMSI presence indication was discussed and following agreements were made [2].

	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.


At the RAN#78, it was declared that the first drop of Rel-15 NR normative work was completed [3].
In this contribution, we discuss on remaining issues regarding NR-PBCH including details on RMSI presence indication as discussed in [2].
2. Remaining issues on NR-PBCH
2.1. Details on RMSI presence indication
For NR standalone capable UE supporting very wide frequency range such as supporting both FR1 bands and FR2 bands, large power consumption and long cell search delay due to huge number of sync rasters in initial access would be concerned. Therefore, as discussed in [2], indication of RMSI presence with information regarding next sync raster is quite beneficial. When SSB on the sync raster does not have an associated RMSI, 8 bits for RMSI-PDCCH-Config can be used to signal such information regarding next sync raster.
By the way, SSB on the sync raster can be classified into four cases as shown in Table I below.
Table I: Classification of SSB on the sync raster

	
	Cellbarred/intraFreqReselection
	Associated RMSI
	Accessibility for the UE
	Next UE behavior

	Case 1
	notBarred/allowed
	Present
	Accessible
	Access to the cell

	Case 2
	notBarred/allowed
	Present
	Not accessible (e.g., not applicable PLMN-ID)
	Search next sync raster

	Case 3
	Barred/not allowed
	Not present
	Not accessible
	Search next sync raster

	Case 4
	Barred/not allowed
	Present (for ANR)
	Not accessible
	Search next sync raster


In case 1, the detected SSB is accessible for the UE and hence information regarding next sync raster would not be necessary in almost cases.
In case 2, the detected SSB is defining a cell supporting standalone access. But the UE is not accessible to the cell e.g., due to not applicable PLMN-ID. Therefore, UE needs to search next sync raster in this case and information regarding next sync raster is beneficial although it may be difficult to set sync raster information for other PLMN-IDs. However, since the SSB in this case has associated RMSI, bits for RMSI-PDCCH-Config cannot be used to signal such information.

In case 3, the detected SSB is for NSA cell, and it does not have associated RMSI. Hence, the proposal discussed in [2] can be used to signal information regarding next sync raster.
In case 4, the detected SSB is for NSA cell, and hence we can assume that SSB-subcarrier-offset is zero in this case as well as in case 3. However, since the SSB has associated RMSI for ANR in this case, bits for RMSI-PDCCH-Config cannot be used to signal such information.

In summary, there are several cases where signaling of information regarding next sync raster is beneficial, and proposal agreed in [2] is applicable to only part of those cases.
Observation 1: There are several cases where signaling of information regarding next sync raster is beneficial, and proposal agreed in [91-NR-04] is applicable to only part of those cases.
So, we propose to discuss on other possible options that can cover other cases.
In case 3 and 4, i.e., SSB for NSA cell, if the SSB is transmitted on the sync raster, we can assume that SSB-subcarrier-offset is zero since there is no benefit to locate SSB for NSA cell with misaligned PRB grid. Therefore, we think that when cellbarred is “barred” and intraFreqReselection is “not allowed”, UE can assume SSB-subcarrier-offset is zero and all bits for SSB-subcarrier-offset can be used for other purpose. In particular, 1 bit out of 5/4 bits of SSB-subcarrier-offset can be used to differentiate case 3 and 4. Then, in case 3, 8 bits for RMSI-PDCCH-Config and remaining 4/3 bits of SSB-subcarrier-offset can be used to signal next sync raster information. On the other hand, in case 4, available number of bits for next sync raster information in NR-PBCH payload is limited, i.e., only remaining 4/3 bits of SSB-subcarrier-offset can be used to signal next sync raster information.
In case 2 and 4, i.e., when the detected SSB has an associated RMSI, 8 bits for RMSI-PDCCH-Config cannot be used to signal information regarding next sync raster as discussed above. However, since there is RMSI transmission on the cell, RMSI can be used to signal such information regarding next sync raster. In case 2, anyway UE needs to read RMSI to check the accessibility since the cell is not barred. In case 4, remaining 4/3 bits of SSB-subcarrier-offset may not be sufficient, and hence it can be up to UE whether or not to receive RMSI to obtain further information regarding next sync raster.
Proposal 1: Information regarding next sync raster that UE should search for cell-defining SSB can be carried in RMSI.

Proposal 2: When cellbarred is “barred” and intraFreqReselection is “not allowed”, UE assumes SSB-subcarrier-offset is zero irrespective of SSB-subcarrier-offset bits in NR-PBCH payload.
Proposal 3: When cellbarred is “barred” and intraFreqReselection is “not allowed”, 1 bit out of 5/4 bits of SSB-subcarrier-offset is used to indicate RMSI presence so that different UE behavior to obtain information regarding next sync raster on which UE should search for cell-defining SSB is selected as below.

· UE behavior #A: When there is no associated RMSI, UE reads 8 bits for RMSI-PDCCH-Config and remaining 4/3 bits of SSB-subcarrier-offset in NR-PBCH payload to obtain information regarding next sync raster on which UE should search for cell-defining SSB.

· UE behavior #B: When there is an associated RMSI, UE can read remaining 4/3 bits of SSB-subcarrier-offset in NR-PBCH payload and/or RMSI to obtain information regarding next sync raster that UE should search for cell-defining SSB.
2.2. Details on how to indicate the information regarding next sync raster
Based on the discussion in the previous section, information regarding next sync raster can be signaled to UE via NR-PBCH or RMSI. However, the number of bits available for the signaling is quite limited. Here, we discuss on what kind of information should be signaled for the efficient initial access.
During the email discussion [2], a complete signaling design was proposed as below.
	· The indication of no associated RMSI is done using reserved value(s) in SSB-subcarrier-offset. If no RMSI is present, RMSI-PDCCH-Config is used to signal the next sync raster that UE should search for cell-defining SSB.

· Table 1 and Table 2 provide indication that RMSI is not present and an offset (in resolution of sync raster) to the next sync raster point with cell-defining SSB for below-24GHz and above-24GHz, respectively.
Table 1: RMSI presence indication for below-24GHz
Reserved SSB-subcarrier-offset

RMSI-PDCCH-Config

Offset to the next sync raster point with cell-defining SSB

R0

0

+1

R0

1

+2

R0

2

+3

…

…

…

R0

254

+255

R0

255

+256

R1

0

+257

R1

1

+258

…

…

 

R1

78

+335

R1

79

+336

R1

80

-1

R1

81

-2

…

…

…

R1

255

-176

R2

0

-177

R2

1

-178

…

…

…

R2

158

-335

R2

159

-336

R2

160

Reserved

…

…

…

R2

255

Reserved

Table 2: RMSI presence indication for above-24GHz
Reserved SSB-subcarrier-offset

RMSI-PDCCH-Config

Offset to the next sync raster point with cell-defining SSB

R0

0

+1

R0

1

+2

R0

2

+3

…

…

…

R0

71

+72

R0

72

-1

R0

73

-2

…

…

…

R0

143

-72

R0

144

Reserved

…

…

…

R0

255

Reserved

Notes: 

· For below-6GHz, reserved SSB-subcarrier-offsets {R0, R1, R2} = {11111, 11110, 11101} 
· For above-6GHz, reserved SSB-subcarrier-offsets {R0, R1, R2} = {1111, 1110, 1101}


Above proposal seems to intend to inform the exact sync raster point with cell-defining SSB by using sync raster granularity offset. However, considering the number of NR bands and large number of sync rasters even within a band, above proposal may not be sufficient to achieve efficient initial access.
We think that there are following two cases due to limited number of available bits for the indication.
· Case A: there is a sync raster point with cell-defining SSB that is close to the current sync raster point so that the signaling can inform the exact sync raster point.

· Case B: there is no sync raster point with cell-defining SSB that can be informed from the current sync point due to limited number of available bits.

Above proposal has the range {-336, 336} for below-24 GHz and {-72, 72} for above-24 GHz, and it means that UE can be informed of exact sync raster point with cell-defining SSB (i.e., Case A) only when it locates within +/- 100.8/483.84/1244.16 MHz bandwidth from the current sync raster point in frequency range of 0-2.65GHz/2.4GHz-24.25GHz/24.25-100GHz, respectively [4]. These ranges to achieve Case A may be sufficient to cover one band (from one operator’s perspective). However, in some case where there is a SSB for NSA cell in the band, whole this band would be used for NSA only, i.e., there is no cell-defining SSB within above bandwidth. In above proposal, UE can know nothing about outside the range in Case B and hence UE may perform SSB search on sync rasters without cell-defining SSB in many other bands.
Observation 2: The proposed signaling for next sync raster point in [91-NR-04] is beneficial only when there is a sync raster point with cell-defining SSB within +/- 100.8/483.84/1244.16 MHz bandwidth from the current sync raster point in frequency range of 0-2.65GHz/2.4GHz-24.25GHz/24.25-100GHz, respectively.
Since total number of sync raster entries is very large as shown in [4], narrowing down sync raster points to be processed would be more efficient than indicating exact sync raster point to be processed only in limited case. Based on the discussion above and our proposal in the previous section, our proposed complete signaling design is as follows.
· When cellbarred is “barred” and intraFreqReselection is “not allowed”, 4 bits of SSB-subcarrier-offset in MIB {a0, a1, a2, a3} and 8 bits of RMSI-PDCCH-Config {b0, b1, …, b7} are used as follows.

· {a0} is used to indicate the presence of RMSI.

· {a1} is used to indicate whether the assistance signaling is following type A or type B.
· Type A (for Case A): {a2, a3, b0, …, b7} are used to indicate the offset to the next sync raster point on which UE should search for cell-defining SSB as shown in Table II.
· Type B (for Case B): {a2, a3, b0, …, b7} are used to indicate the information to narrow down sync raster points on which UE should search for cell-defining SSB.

· For example, NR band number (9 bits) or MCC (10 bits) could be helpful since UE can jump into the band(s) so that initial access delay and power consumption are reduced.
In addition, as argued in previous section, RMSI can carry Type A and/or B information instead of PBCH payload in Case 2 and/or 4 since RMSI-PDCCH-Config cannot be used for sync raster information indication in those cases.

Table II: 

	SSB-subcarrier-offset bits {a2, a3}
	RMSI-PDCCH-Config bits {b0,…, b7}
	Offset to the next sync raster point with cell-defining SSB

	{0, 0}
	0
	+1

	{0, 0}
	1
	+2

	{0, 0}
	2
	+3

	…
	…
	…

	{0, 0}
	254
	+255

	{0, 0}
	255
	+256

	{0, 1}
	0
	+257

	{0, 1}
	1
	+258

	…
	…
	 

	{0, 1}
	78
	+335

	{0, 1}
	79
	+336

	{0, 1}
	80
	-1

	{0, 1}
	81
	-2

	…
	…
	…

	{0, 1}
	255
	-176

	{1, 0}
	0
	-177

	{1, 0}
	1
	-178

	…
	…
	…

	{1, 0}
	158
	-335

	{1, 0}
	159
	-336

	{1, 0}
	160
	Reserved

	…
	…
	…

	{1, 0}
	255
	Reserved

	{1, 1}
	0
	Reserved

	…
	…
	…

	{1, 1}
	255
	Reserved


Proposal 4: When cellbarred is “barred”, intraFreqReselection is “not allowed” and associated RMSI is not present, 1 bit out of remaining 3 bits of SSB-subcarrier-offset is used to switch following two signaling types.
· Type A: Remaining 2 bits for SSB-subcarrier-offset and 8 bits for RMSI-PDCCH-Config are used to indicate the offset to the next sync raster point on which UE should search for cell-defining SSB as shown in Table II.
· Type B: Remaining 2 bits for SSB-subcarrier-offset and 8 bits for RMSI-PDCCH-Config are used to indicate either one of following options.

· Option 1: NR band number on which UE should search for cell-defining SSB
· Option 2: Mobile country code (MCC)
3. Conclusion
In this contribution, we discussed on remaining issues regarding NR-PBCH including details on RMSI presence indication and how to indicate information regarding next sync raster.

Based on the discussion above, we made following observations and proposals.

Observation 1: There are several cases where signaling of information regarding next sync raster is beneficial, and proposal agreed in [91-NR-04] is applicable to only part of those cases.
Proposal 1: Information regarding next sync raster that UE should search for cell-defining SSB can be carried in RMSI.

Proposal 2: When cellbarred is “barred” and intraFreqReselection is “not allowed”, UE assumes SSB-subcarrier-offset is zero irrespective of SSB-subcarrier-offset bits in NR-PBCH payload.
Proposal 3: When cellbarred is “barred” and intraFreqReselection is “not allowed”, 1 bit out of 5/4 bits of SSB-subcarrier-offset is used to indicate RMSI presence so that different UE behavior to obtain information regarding next sync raster on which UE should search for cell-defining SSB is selected as below.

· UE behavior #A: When there is no associated RMSI, UE reads 8 bits for RMSI-PDCCH-Config and remaining 4/3 bits of SSB-subcarrier-offset in NR-PBCH payload to obtain information regarding next sync raster on which UE should search for cell-defining SSB.

· UE behavior #B: When there is an associated RMSI, UE can read remaining 4/3 bits of SSB-subcarrier-offset in NR-PBCH payload and/or RMSI to obtain information regarding next sync raster that UE should search for cell-defining SSB.
Observation 2: The proposed signaling for next sync raster point in [91-NR-04] is beneficial only when there is a sync raster point with cell-defining SSB within +/- 100.8/483.84/1244.16 MHz bandwidth from the current sync raster point in frequency range of 0-2.65GHz/2.4GHz-24.25GHz/24.25-100GHz, respectively.
Proposal 4: When cellbarred is “barred”, intraFreqReselection is “not allowed” and associated RMSI is not present, 1 bit out of remaining 3 bits of SSB-subcarrier-offset is used to switch following two signaling types.

· Type A: Remaining 2 bits for SSB-subcarrier-offset and 8 bits for RMSI-PDCCH-Config are used to indicate the offset to the next sync raster point on which UE should search for cell-defining SSB as shown in Table II.

· Type B: Remaining 2 bits for SSB-subcarrier-offset and 8 bits for RMSI-PDCCH-Config are used to indicate either one of following options.

· Option 1: NR band number on which UE should search for cell-defining SSB
· Option 2: Mobile country code (MCC)
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