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1. Introduction
In this contribution, we discuss remaining details on PBCH contents including RMSI CORESET configuration and the ambiguity of next sync raster indication.

2. NR-PBCH contents
RMSI CORESET Configuration with minimum bandwidth 10MHz
In the RAN1 NRAH-1801 meeting [1], it was agreed to introduce the configuration table for the bands with minimum channel bandwidth (MinCBW) of 40 MHz when subcarrier spacing of SS/PBCH block is 30 kHz. However, NR did not make a final decision whether or not to adopt a new configuration table for 10 MHz MinCBW with SS/PBCH SCS of 15 kHz. Clearly, in [5], Band 41 is defined for 10MHz MinCBW, where the 15 kHz SCS for SS/PBCH block is used. So, RAN1 should provide a solution of RSMI CORESET configuration to support Band 41. 
In order to reduce the number of SS entry for wide MinCBW (i.e. 10MHz, 40MHz), RAN4 made a decision to adopt down selection among all candidate SS entry. In case of Band 41, it is agreed that the value of down selection is ‘3’ for 15 kHz, hence the value of sync raster becomes larger (i.e. 4.32MHz) [3]. In order to support the large value of sync raster for 15 kHz SCS, NR should adopt a new configuration table for 15 kHz SCS of SS/PBCH block with 10 MHz MinCBW. Also, when it comes to make a CORESET configuration table, we should take into account the network operation flexibility depending on the status of network bandwidth. For this reason, RMSI CORESET configuration for 15 kHz SCS and 10MHz MinCBW should be designed to support from 10MHz BW to 20 MHz BW. 
In previous meeting, we saw one problem, which is that 4 bits for configuration in MIB is not enough to indicate the all candidates of RB offset from the SS/PBCH block to RMSI CORESET. In order to resolve the problem, one solution was proposed, which is that RAN1 defines two configuration tables depending on RMSI CORESET bandwidth and RAN4 selects one table among them. However, the solution could bring a restriction of usage of channel bandwidth or a limitation of RMSI CORSET BW. So, we think the solution could not be suitable for network resource utilization. Instead of the solution, RAN1 should adopt an indication bit in MIB for dynamic selection among the two tables. For them, RAN1 can take additional 1 bit from the reserved bits for SS/PBCH block index indication. As an alternative solution, RAN1 can design the new configuration table with 5bits. In case, additional 1 bit for CORESET configuration is necessity, and the bit can be also taken from the reserved bits for SS/PBCH block index indication.
Proposal 1: 
· For 15 kHz SCS of SS/PBCH block with minimum channel bandwidth 10 MHz, new RMSI CORESET configuration should be designed.
· The new table is composed by two tables with 4bits or single table with 5bits. 
· In the case of two tables with 4bits configuration, the indication for selection of the table should be defined in MIB.
· The additional 1 bit is taken from the reserved bits for SS/PBCH block index.

GSCN detection ambiguity in case of Band n41 and Band {n7, n38}
Among frequency bands for below 6GHz frequency range, Band n41 is overlapped with Band n7 and n38. (i.e. frequency range of n7: 2622.6~2687.4 MHz, frequency range of n38: 2572.2 ~ 2687.4 MHz, frequency range of n41: 2499.36 ~ 2686.56 MHz) [5]. Also, RAN4 defines that step size for sync raster of n7 and n38 is 900 kHz, and step size for sync raster of n41 is 4.32 MHz. So, although overlapping frequency range between Band n41 and {n7, n38}, there is no same SS_PBCH_frequency position between Band n41 and {n7, n38}. In table 1, we provide an observation of distribution of frequency gap between SS_PBCH_frequency position between Band n41 and n38.

Table 1. Distribution of frequency gap between SS_PBCH_frequency position for Band n41 and n38
	Frequency gap (kHz)
	The number of GSCN

	
	Shift value 70kHz Case
	Shift value 100 kHz Case

	10
	5 (1.3%)
	-

	20
	-
	5 (1.3%)

	50~100
	[bookmark: _GoBack]10 (2.6%)
	10 (2.6%)

	100~400
	54 (14.2%)
	60 (15.8%)

	400~2200
	312 (81.9%)
	306 (80.3%)



In RAN4, it was agreed as working agreement that large shift in the range of 70 – 100 kHz is used for the SS raster in re-farming bands [4]. According to the agreement, we assume two candidate values (i.e. 70kHz and 100kHz for shift value in re-farming band) for observation. In the table, we can see that the minimum frequency gap between SS_PBCH_frequency position of Band n41 and SS_PBCH_frequency position of Band n38 is 10~20 kHz. Among the total 381 sync raster entries in Band n38, five entries of SS_PBCH_frequency position for Band n38 are very close with the SS_PBCH_frequency position for Band n41. In this case, there is a possibility of GSCN detection ambiguity. For example, when gNB transmits SS/PBCH block at the SS_PBCH frequency position in Band n38, and UE tries to detect SS/PBCH block at the candidate SS_PBCH frequency positions in Band n41, UE can detect Cell-ID at the frequency position in Band n38, but UE could understand the detected GSCN is for Band n41. In Figure 1, we provide the Cell-ID misdetection performance according to frequency gap (i.e. 0kHz, 10kHz, 20kHz and 40kHz).
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Figure 1. Cell-ID misdetection rate

In the performance evaluation for Cell-ID detection, we assume that UE tries to detect Cell-ID at the frequency position where is same or different with the frequency position for SS/PBCH transmission. The frequency gap from 0kHz to 40kHz are assumed. Also, we consider 10ppm CFO and +/-35 kHz CFO detection range. When 10ppm CFO is assumed, maximum CFO range is -24 kHz ~ +24 kHz. In figure 1, we can observe that UE can search the Cell-ID at the frequency position with frequency gap of 20kHz. In other word, UE can detect the Cell-ID at the SS/PBCH_frequency_position with 10 kHz frequency gap between 900 kHz sync raster band and 4.32 MHz sync raster band. 

Observation 1:
· Frequency range of Band n41 and {n7, n38} is overlapped.
· Based on the assumption of candidates of shift value (i.e. 70kHz and 100kHz for shift value in re-farming band), it is observed that the minimum frequency gap between SS_PBCH_frequency position of Band n41 and SS_PBCH_frequency position of Band { n38} is 10~20 kHz.
· UE can detect the Cell-ID at the frequency position with frequency gap (i.e., 10 kHz and 20 kHz) from the frequency position where network transmits SS/PBCH block.

In RAN1#92 meeting [2], it was agreed to adopt the relative signaling for the indication of the cell defining SS/PBCH block when no RMSI is indicated to UE. Since the SS/PBCH block frequency position is defined by sync raster step size (e.g., 900 kHz for Band {n7, n38}, 4.32 MHz for Band n41), the GSCN detection ambiguity could bring a critical problem when UE operates to search the next SS/PBCH block. Furthermore, since the CORESET configuration in MIB is defined depending on the minimum channel bandwidth and sync raster step size, UE may misunderstand the CORESET configuration information at the overlapping Bands (i.e. n41, n7, n38) due to the GSCN detection ambiguity. 
This ambiguity can make a problem at only few sync raster entries. So, in order to resolve the ambiguity, we may think that gNB does not transmit SS/PBCH block at the sync raster, and gNB selects the near sync raster for SS/PBCH block transmission. But, since gNB with only 5MHz channel bandwidth in Band {n7, n38} and gNB with 10MHz channel bandwidth in Band n41 cannot transmit the SS/PBCH block at the near sync raster from the middle of channel bandwidth, it could not be a solution. As other solution, we may consider that UE operates twice for Cell-ID detection or PDCCH decoding at the frequency position based on the assumption for two kinds of step size of sync raster. However, that is not desirable in terms of UE implementation. As a simple and clear solution, we can adopt the indication bit for Band information (or sync raster step size) in MIB. For the indication, reserved bit of SS/PBCH block index in MIB can be used.
Proposal 2:
· For FR1, introduce the indication bit for Band information (or sync raster step size) in MIB
· The additional 1 bit is taken from the reserved bits for SS/PBCH block index.

3. Conclusion
In this contribution, we discussed remaining details on PBCH contents. As a conclusion of the discussion, we summarize observation and proposals as follows:
RMSI CORESET Configuration with minimum bandwidth 10MHz
Proposal 1: 
· For 15 kHz SCS of SS/PBCH block with minimum channel bandwidth 10 MHz, new RMSI CORESET configuration should be designed.
· The new table is composed by two tables with 4bits or single table with 5bits. 
· In the case of two tables with 4bits configuration, the indication for selection of the table should be defined in MIB.
· The additional 1 bit is taken from the reserved bits for SS/PBCH block index.

GSCN detection ambiguity in case of Band n41 and Band {n7, n38}
Observation 1:
· Frequency range of Band n41 and {n7, n38} is overlapped.
· Based on the assumption of candidates of shift value (i.e. 70kHz and 100kHz for shift value in re-farming band), it is observed that the minimum frequency gap between SS_PBCH_frequency position of Band n41 and SS_PBCH_frequency position of Band { n38} is 10~20 kHz.
· UE can detect the Cell-ID at the frequency position with frequency gap (i.e., 10 kHz and 20 kHz) from the frequency position where network transmits SS/PBCH block.

Proposal 2:
· For FR1, introduce the indication bit for Band information (or sync raster step size) in MIB
· The additional 1 bit is taken from the reserved bits for SS/PBCH block index.
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Appendix A.

	Agreements: (RAN1 AH1801) [1]
· The value of M (as in 38.101) for sync raster definition (i.e., 0, ±1) for FR1 is informed to UE 
· Up to RAN4 to decide the set of offset values for FR1
· As a working assumption, the indication is in RMSI
· If the minimum distance between adjacent sync rasters is large enough (w.r.t the intial frequency offset tolerance), the indication is no longer necessary

· Make the clarification that the existing Tables 13-1 and 13-2 in TS 38.213 are used for supporting the offset configurations for the bands with minimum channel bandwidths of 5MHz with SSB SCS = 15kHz;
· The corresponding TP (38.213)
· Table 13-1: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {15, 15} kHz with minimum channel bandwidth 5MHz
· Table 13-2: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {15, 30} kHz with minimum channel bandwidth 5MHz
· Make the clarification that the existing Tables 13-3 and 13-4 in TS 38.213 are for supporting the offset configurations for the bands with minimum channel bandwidths of 5MHz and 10MHz with SSB SCS = 30kHz;
· The corresponding TP (38.213):
· Table 13-3: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {30, 15} kHz with minimum channel bandwidth 5MHz and 10MHz
· Table 13-4: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {30, 30} kHz with minimum channel bandwidth 5MHz and 10MHz
· For the bands with minimum channel bandwidths of 40MHz, add new configuration tables for the following cases
· One for {SSB SCS, RMSI SCS} = {30, 15}kHz 
· One for {SSB SCS, RMSI SCS} = {30, 30}kHz 

	Agreements: (RAN1 #92) [2]
· 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)
· Use reserved codeword(s) to indicate that there is no cell-defining SS/PBCH around the reference GSCN (Gr) in the range [Gr - Glow, Gr + Ghigh]
· 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

	Agreements: (RAN4 #86) [3]
For Band 41 SCS
· Specification is unchanged at this time. A LS can be sent to RAN1 to change the design to accommodate the RAN4 decision
· RAN4 also agreed that no further default SCS for SSB is added in future meetings for Rel-15 bands.
Step size
· For sync raster step size, a conservative approach of <3> for band n41 and <16>for band <n79> is chosen, giving some guard band for SSB at band edges.

Agreements: (RAN4#86) [4]
· SS raster is revised according to Option 1:
· Large shift is used for the SS raster in re-farming bands in the range of 70 – 100 kHz.
· No RMSI signaling is defined for the shift.
· Companies are encouraged to study and contribute on the details of the large raster shift.
· Detailed decision on the exact shift is made at RAN4#86bis. 



Appendix B. Evaluation assumptions
Table 2. Link-level Evaluation Assumptions
	Parameter
	Value

	Carrier Frequency
	2.4GHz

	Channel Model
	CDL_C (delay scaling values: 100ns) 

	Subcarrier Spacing
	15 kHz

	Frequency gap
	0kHz / 10 kHz / 20 kHz / 40kHz

	Antenna Configuration
	TRP: (1,1,2) with Omni-directional antenna element
UE: (1,1,2) with Omni-directional antenna element

	CFO
	10 ppm

	CFO estimation range
	+/- 35 kHz

	CFO estimation resolution
	7.5 kHz

	CFO estimation method
	-  Operate multiple hypothesis using received PSS, 
-  Select max value of correlation result among the multiple hypothesis, 
-  Operate to detect cell-ID using SSS

	Default period
	20 ms

	Subframe duration
	1 ms

	OFDM symbols in SF
	14

	Number of interfering TRPs
	1

	Operating SNR
	-6 dB
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