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Introduction
At the RAN1#92 meeting, indication of valid search raster position and indication of GSCN range having no cell-defining SS/PBCH block were discussed and RAN1 made following conclusion, working assumptions and agreements [1].
	Conclusion:
· The indication of presence of cell-defining SS/PBCH block should be confined within a contiguous spectrum allocation of a same operator in which the SSB is detected.

Agreements:
· Signal an offset from a reference GSCN to the closest GSCN that UE should search for cell-defining SSB
· The reference GSCN is the GSCN that SSB is transmitted (or the middle in the cluster for sub 2.7 GHz)

Agreements:
· Use reserved codeword(s) to indicate that there is no cell-defining SS/PBCH around the reference GSCN () in the range [Gr - Glow, Gr + Ghigh]
· [bookmark: _Hlk507603557]Signal Glow by multiplication of the step size, X, and 4 MSBs of RMSI-PDCCH-Config corresponding to parameter ssb-subcarrierOffset set to 15 and   (for FR1)
· Signal Ghigh by multiplication of the step size, X, and 4 LSBs of RMSI-PDCCH-Config corresponding to parameter ssb-subcarrierOffset set to 15 and   (for FR1)
· FFS: The step size X is either in sync raster step or frequency and may be different for FR1 and FR2

Working assumption:
· Use the following tables to signal an offset from a reference GSCN to the closest GSCN that UE should search for cell-defining SSB
Offset table for FR1
	
	SSB-subcarrier-offset
	RMSI-PDCCH-Config
	Offset

	1
	8
	0, 1, …, 255
	1, 2, …, 256

	1
	9
	0, 1, …, 255
	257, 258, …, 512

	1
	10
	0, 1, …, 255
	513, 514, …., 768

	1
	11
	0, 1, …, 255
	-1, -2, …, -256

	1
	12
	0, 1, …, 255
	-257, -258, …, -512

	1
	13
	0, 1, …, 255
	-513, -514, …., -768



Offset table for FR2
	SSB-subcarrier-offset
	RMSI-PDCCH-Config
	Offset

	12
	0, 1, …, 255
	1, 2, …, 256

	13
	0, 1, …, 255
	-1, -2, …, -256



Working assumption: 
· Value of X = 1 and is in sync raster step



At the RAN1#92bis meeting, following agreements were made to confirm above working assumptions with further clarification.
	Agreements:
· Confirm working assumption on signalling tables for indication of cell-defining SSB

Agreements:
· Confirm working assumption on step size X=1 (for cell-defining SSB)
Agreements:
· To adopt the following TP to 38.213, Section 13:





If a UE detects a first SS/PBCH block and determines that a control resource set for Type0-PDCCH common search space is not present, and for  for FR1 or for  for FR2, the UE determines the nearest (in the corresponding frequency direction) global synchronization channel number (GSCN) of a second SS/PBCH block having a control resource set for an associated Type0-PDCCH common search space as .  is the GSCN of the first SS/PBCH block and  is a GSCN offset provided by Table 13-16 for FR1 and Table 13-17 for FR2. 



Regarding the indication of GSCN, it has been discussed in RAN1 and RAN2 that there are some security threats if fake/malicious gNB utilizes the indication of GSCN or GSCN range with evil intent and UE strictly follows it.
In this contribution, we discuss further on how to alleviate such risk.
In addition, we discuss on the condition of NR-PBCH reading for handover in this contribution. Different from LTE, NR has a case where UE is required to read PBCH of target cell for handover. Since PBCH reading for handover would increase UE burden, handover delay, and corresponding handover failure rate, the case requiring PBCH reading should be clarified and minimized as much as possible.

Issue on indication of GSCN or GSCN range in non-cell-defining SS/PBCH block
Security threat
The indication of GSCN range having no cell-defining SS/PBCH block is beneficial to reduce UE burden and delay for initial access in case that some bands are used only for NSA (PSCell or SCell) cells. However, as discussed in RAN1 and RAN2, this indication may cause a risk that UE search on the GSCN range is blocked. For example, due to mistaken setting of the GSCN range in PBCH, adjacent operator will unintentionally block UE search on another operator’s cell-defining SS/PBCH blocks. For this case, each operator should be careful on GSCN range setting and some guidance based on the conclusion made at last RAN1 meeting should be captured in the specification such as in [2].
Another potential risk is an intentional block by fake/malicious gNB. An attacker can set fake/malicious gNBs to block UE access to all bands for an operator, e.g., by transmitting SS/PBCH block(s) with indication of GSCN range covering whole operator’s band. Although the attacker can think of the same scenario for LTE, it is not a permanent problem since indication of “barred” by the fake/malicious eNB has been valid only for 300 seconds. Therefore, it is quite reasonable to specify the condition on the validity of GSCN range indication in NR so that the risk can be alleviated.
Observation 1: Indication of GSCN range having no cell-defining SS/PBCH block has a risk to block UE access for an operator due to mistaken setting by another operator or fake/malicious setting by attacker.

In addition to above potential risk, another potential risk is that two non-cell-defining SSBs on two different sync rasters transmitted by fake/malicious gNB can indicate each other as valid sync raster position for next search. In such case, if UE strictly follows the indication, the UE will continue searching only two sync raster positions and cannot search other sync rasters.
Observation 2: Indication of valid GSCN position has a risk to cause unnecessary multiple attempts on a certain sync raster due to mistaken setting by an operator or fake/malicious setting by attacker.

Our proposal is to define the validity of valid GSCN indication and GSCN range indication as below.
· If UE detects the second SS/PBCH block at  according to the indication in the first SS/PBCH block and determines that a control resource set for Type0-PDCCH common search space is not present, UE shall no longer attempt to detect a SS/PBCH block within  and the first SS/PBCH block until the UE completes to scan all SS rasters in the supported NR frequency bands.
· GSCN range indication is valid until the UE completes to scan all SS rasters in the supported NR frequency bands except for SS rasters within the indicated GSCN range.
Proposal 1: Following text regarding the validity of the valid GSCN indication and the GSCN range indication is added to Section 13 in TS38.213.
	If a UE detects a first SS/PBCH block and determines that a control resource set for Type0-PDCCH common search space is not present, and for  for FR1 or for  for FR2, the UE may determine the global synchronization channel number (GSCN) of a second SS/PBCH block having a control resource set for an associated Type0-PDCCH common search space as .  is the GSCN of the first SS/PBCH block and  is a GSCN offset provided by Table 13-16 for FR1 and Table 13-17 for FR2. If a UE detects the second SS/PBCH block at  according to the indication in the first SS/PBCH block and determines that a control resource set for Type0-PDCCH common search space is not present as specified in sub-clause 4.1, the UE may no longer attempt to detect a SS/PBCH block within  and the first SS/PBCH block (identified by PCI and GSCN) until the UE completes search of SS/PBCH blocks in the supported NR frequency bands.
If a UE detects a SS/PBCH block and determines that a control resource set for Type0-PDCCH common search space is not present, and for  for FR1 or for  for FR2, the UE may determines that there is no SS/PBCH block having an associated Type0-PDCCH common search space within a GSCN range  until the UE completes the search of SS/PBCH blocks in the supported NR frequency bands. and  are respectively determined by the four most significant bits and the four least significant bits of RMSI-PDCCH-Config. 



No GSCN indication in non-cell-defining SSB
When non-cell-defining SSB indicates = 30 for FR1 or  = 14 for FR2, Rel-15 UE can assume that the detected SSB does not have associated RMSI CORESET and there is no indication about valid GSCN and GSCN range since all code points for pdcch-ConfigSIB1 are reserved. NW may use one of these code points when NW would like to indicate neither valid GSCN nor GSCN range, e.g. in case that an operator deploys NR as NSA only and there is no SA cell in the vicinity of NSA cell. However, in future release there reserved code points may be used to indicate something for new feature. Even in such case, one of the code points should be used to indicate there is no indication about valid GSCN and GSCN range for both Rel-15 UE and future release UE. Therefore, we propose to define specific one code point as such no GSCN indication.
Proposal 2: Following text regarding the no GSCN indication is added to Section 13 in TS38.213.
	If a UE detects an SS/PBCH blocks, where  = 30 and RMSI-PDCCH-Config = 0 for FR1, or =14 and RMSI-PDCCH-Config = 0 for FR2, the UE may determine that there is no information about second SS/PBCH block having a control resource set for an associated Type0-PDCCH common search space on the detected SS/PBCH block.
Table 13-16: Mapping between the combination of and RMSI-PDCCH-Config to  for FR1
	
	RMSI-PDCCH-Config
	

	24
	0, 1, …, 255
	1, 2, …, 256

	25
	0, 1, …, 255
	257, 258, …, 512

	26
	0, 1, …, 255
	513, 514, …., 768

	27
	0, 1, …, 255
	-1, -2, …, -256

	28
	0, 1, …, 255
	-257, -258, …, -512

	29
	0, 1, …, 255
	-513, -514, …., -768

	30
	0, 1, …, 255
	0Reserved, Reserved, …, Reserved



Table 13-17: Mapping between the combination of and RMSI-PDCCH-Config to  for FR2
	
	RMSI-PDCCH-Config
	

	12
	0, 1, …, 255
	1, 2, …, 256

	13
	0, 1, …, 255
	-1, -2, …, -256

	14
	0, 1, …, 255
	0Reserved, Reserved, …, Reserved







Issue on the condition of PBCH reading for handover
As mentioned in the Section 1, different from LTE, NR has a case where UE is required to read PBCH of target cell for handover. For example, when RACH occasion periodicity for a SSB is longer than 10 ms at target cell, UE needs to acquire at least some LSBs of SFN by reading PBCH of the target cell. Since PBCH reading would need several SSB periods, it would increase UE burden, handover delay, and corresponding handover failure rate. However, if source cell and target cell are synchronized and SFN of those cells are aligned (“SFN-level synchronization”), such PBCH reading can be omitted since RACH occasion timing can be derived by the source cell frame timing and SFN. 
Observation 3: When PBCH reading is required for handover to derive RACH occasion timing, UE burden, handover delay, and corresponding handover failure rate may be increased. Even when RACH occasion periodicity for a SSB is longer than 10 ms at target cell, PBCH reading can be omitted if source cell and target cell are synchronized with SFN-level and UE is informed it.

In both FR1 and FR2, symbol-level and slot-level synchronization to target cell can be achieved by detecting SS and DMRS for PBCH. PBCH reading is necessary in following cases.
· When RACH occasion periodicity for a SSB is longer than 10 ms, some LSBs of SFN needs to be acquired.
· When RACH occasion periodicity for a SSB is 10 ms and carrier frequency is within 3-6 GHz, half frame timing needs to be acquired.
· When RACH occasion periodicity for a SSB is longer than 1 ms in FR2, half frame timing needs to be acquired.
In above cases, if UE can be informed of SFN-level synchronization between source cell and target cell, UE can omit PBCH reading and can derive RACH occasion timing based on source cell frame timing and SFN. So, NR should support mechanism to inform UE about SFN-level synchronization between source cell and target cell.
Basically, we think that if frame timing among cells on the same carrier frequency is synchronized, it is natural to make SFN of those cells aligned since there may be no benefit of SFN-shifting. Therefore, we propose to support at least one of following options.
· Option 1: Whether SFN among cells on the same carrier frequency are aligned or not is indicated to the UE by using new IE in HO command.
· Option 2: In TDD band, SFN alignment among cells on the same carrier frequency is always assumed by UE.
· Option 3: When UseServingCellTimingForSync in measObjectNR is enabled for the carrier frequency, SFN alignment among cells on the same carrier frequency is assumed by UE.
Proposal 3: NR supports at least one of following options to inform UE about SFN-level synchronization.
· Option 1: Whether SFN among cells on the same carrier frequency are aligned or not is indicated to the UE by using new IE in HO command.
· Option 2: In TDD band, SFN alignment among cells on the same carrier frequency is always assumed by UE.
· Option 3: When UseServingCellTimingForSync in measObjectNR is enabled for the carrier frequency, SFN alignment among cells on the same carrier frequency is assumed by UE.


Conclusion
In this contribution, we discussed on the remaining issues on NR-PBCH such as the risk on the indication of GSCN range having no cell-defining SS/PBCH block and the condition on PBCH reading for handover.
Based on the discussion above, we made following observations and proposals.
Observation 1: Indication of GSCN range having no cell-defining SS/PBCH block has a risk to block UE access for an operator due to mistaken setting by another operator or fake/malicious setting by attacker.
Observation 2: Indication of valid GSCN position has a risk to cause unnecessary multiple attempts on a certain sync raster due to mistaken setting by an operator or fake/malicious setting by attacker.
Proposal 1: Following text regarding the validity of the valid GSCN indication and the GSCN range indication is added to Section 13 in TS38.213.
	If a UE detects a first SS/PBCH block and determines that a control resource set for Type0-PDCCH common search space is not present, and for  for FR1 or for  for FR2, the UE may determine the global synchronization channel number (GSCN) of a second SS/PBCH block having a control resource set for an associated Type0-PDCCH common search space as .  is the GSCN of the first SS/PBCH block and  is a GSCN offset provided by Table 13-16 for FR1 and Table 13-17 for FR2. If a UE detects the second SS/PBCH block at  according to the indication in the first SS/PBCH block and determines that a control resource set for Type0-PDCCH common search space is not present as specified in sub-clause 4.1, the UE may no longer attempt to detect a SS/PBCH block within  and the first SS/PBCH block (identified by PCI and GSCN) until the UE completes search of SS/PBCH blocks in the supported NR frequency bands.
If a UE detects a SS/PBCH block and determines that a control resource set for Type0-PDCCH common search space is not present, and for  for FR1 or for  for FR2, the UE may determines that there is no SS/PBCH block having an associated Type0-PDCCH common search space within a GSCN range  until the UE completes the search of SS/PBCH blocks in the supported NR frequency bands. and  are respectively determined by the four most significant bits and the four least significant bits of RMSI-PDCCH-Config. 



Proposal 2: Following text regarding the no GSCN indication is added to Section 13 in TS38.213.
	If a UE detects an SS/PBCH blocks, where  = 30 and RMSI-PDCCH-Config = 0 for FR1, or =14 and RMSI-PDCCH-Config = 0 for FR2, the UE may determine that there is no information about second SS/PBCH block having a control resource set for an associated Type0-PDCCH common search space on the detected SS/PBCH block.
Table 13-16: Mapping between the combination of and RMSI-PDCCH-Config to  for FR1
	
	RMSI-PDCCH-Config
	

	24
	0, 1, …, 255
	1, 2, …, 256

	25
	0, 1, …, 255
	257, 258, …, 512

	26
	0, 1, …, 255
	513, 514, …., 768

	27
	0, 1, …, 255
	-1, -2, …, -256

	28
	0, 1, …, 255
	-257, -258, …, -512

	29
	0, 1, …, 255
	-513, -514, …., -768

	30
	0, 1, …, 255
	0Reserved, Reserved, …, Reserved



Table 13-17: Mapping between the combination of and RMSI-PDCCH-Config to  for FR2
	
	RMSI-PDCCH-Config
	

	12
	0, 1, …, 255
	1, 2, …, 256

	13
	0, 1, …, 255
	-1, -2, …, -256

	14
	0, 1, …, 255
	0Reserved, Reserved, …, Reserved






Observation 3: When PBCH reading is required for handover to derive RACH occasion timing, UE burden, handover delay, and corresponding handover failure rate may be increased. Even when RACH occasion periodicity for a SSB is longer than 10 ms at target cell, PBCH reading can be omitted if source cell and target cell are synchronized with SFN-level and UE is informed it.
Proposal 3: NR supports at least one of following options to inform UE about SFN-level synchronization.
· Option 1: Whether SFN among cells on the same carrier frequency are aligned or not is indicated to the UE by using new IE in HO command.
· Option 2: In TDD band, SFN alignment among cells on the same carrier frequency is always assumed by UE.
· Option 3: When UseServingCellTimingForSync in measObjectNR is enabled for the carrier frequency, SFN alignment among cells on the same carrier frequency is assumed by UE.

References
[1] 3GPP RAN1#92, Chairman’s note, Feb. 2018.
[2] R1-1803525, Nokia, NSB, “TP for 38.300 on RMSI,” Feb. 2018.
oleObject1.bin

image2.wmf
13

12

SSB

£

£

k


oleObject2.bin

image3.wmf
Offset

GSCN

Reference

GSCN

N

N

+


oleObject3.bin

image4.wmf
Reference

GSCN

N


oleObject4.bin

image5.wmf
Offset

GSCN

N


oleObject5.bin

image6.wmf
30

24

SSB

£

£

k


image7.wmf
14

12

SSB

£

£

k


image8.wmf
31

SSB

=

k


image9.wmf
15

SSB

=

k


image10.wmf
]

,

[

End

GSCN

Reference

GSCN

Start

GSCN

Reference

GSCN

N

N

N

N

+

-


image11.wmf
Start

GSCN

N


image12.wmf
End

GSCN

N


image13.wmf
SSB

k


image1.wmf
29

24

SSB

£

£

k


