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1 Introduction

In the LS on channel raster and SS raster [1] from RAN4, the following agreements concerning NR SS raster are given:
	· SS Raster Definition for the 0-2.65GHz range

· SS Raster is defined as:

· Raster entry=N*900kHz+ M*5kHz, N=1:[2944], M=-1:1

· Raster entry numbering is in increasing order of frequency (first entry=895kHz, entry #2=900, entry #3=905, entry#4=1795kHz…)

· Total number of entries [8832]

· Raster applies to bands with 100kHz channel raster and 15kHz channel raster with 5MHz minimum bandwidth(bands might be defined in the future) in this frequency range
· For 10MHz minimum channel bandwidth a down selection factor of [6](1 entry in [6]) is used


For the SS raster entries defined for the frequency range from 0 to 2.65GHz, two issues are identified. One is that the SS raster entries, i.e., N*900kHz+M*5kHz, N=1:[2944], M=-1:1, cannot achieve subcarrier alignment between SS/PBCH block and common resource block for some cases. The other issue is that the 5kHz repetition granularity of the SS raster cannot be differentiated by the UE due to the larger frequency error at UE side compared with gNB. This contribution provides our views on the remaining issues on SS raster and potential solutions.
2 Discussion
2.1 On SS raster entry
For the frequency range from 0 to 2.65GHz, the defined SS raster entries are N*900kHz+M*5kHz, N=1:[2944], M=-1:1, while the channel raster is 100kHz. In this case, subcarrier alignment between SS/PBCH block and common resource block of 30kHz SCS cannot be ensured for some cases, e.g., when the center frequency of a given bandwidth is (N*900(100)kHz, (N*900(200)kHz or (N*900(400)kHz according to the 100kHz channel raster. An example is given in the following Figure 1. It can be observed that when the center frequency of a given bandwidth is (N*900-200) kHz, there is no available SS raster entry that can achieve subcarrier alignment between SS/PBCH block and common resource block. As a consequence, current SS raster would lead to a large restriction on the usage of channel raster.

[image: image1]
Figure 1. Illustration of subcarrier misalignment between 30kHz SS/PBCH block and common resource block
Observation: For frequency range 0-2.65GHz, current SS raster would lead much restriction on the usage of channel raster, e.g., (N*900(100)kHz, (N*900(200)kHz and (N*900(400)kHz cannot be used as center frequency of a bandwidth with SSB and common resource block of 30kHz SCS.
2.2 On SS frequency differentiation issue

For the SS rater defined for frequency range 0-2.65GHz provided in [1], the repetition granularity of the SS raster is 5kHz, i.e., the minimum difference between two adjacent SS raster entries is 5kHz. Note that, with such a small value of repetition granularity, UE can only perform one initial SS search for all the three SSB candidate locations for a given N, which can decrease the trials for UE to search SS compared with a large value of repletion granularity, e.g., 100 kHz in LTE. As a result, both the UE complexity and power consumption can be reduced.

However, such 5kHz difference may not be sufficiently large for UE to differentiate because UE would have larger frequency tolerance compared with gNB. For example, when the SS/PBCH block is placed on N*900kHz, a UE may wrongly detect that the received SSB is placed on N*900kHz(5kHz. Such SS/PBCH block frequency misunderstanding would cause sampling frequency error for UE because UE is likely to use the SS/PBCH block frequency to adjust its own timing/frequency. Note that, the performance loss for NB-PBCH due to the sampling frequency error has been evaluated in [3], and significant performance loss is observed. Thus, notable performance degradation can be foreseen if UE cannot obtain the exact frequency of PBCH/SS block. In order to avoid above problem, a straightforward approach is to introduce specific signaling to inform UE the SS/PBCH block frequency location within each three entries, or indicate the frequency offset from the SS/PBCH block frequency location to N*900kHz, i.e., 0kHz, 5kHz or -5kHz. With such indicator, UE can obtain the exact frequency of the received SS/PBCH block. The indicator can be carried in SS, PBCH or RMSI. Note that, if the indication is carried in RMSI, both the performance for reception of PBCH and RMSI would be negatively affected. Consider that the payload size for RMSI is likely to be larger than that for PBCH, and thus the corresponding performance degradation for RMSI would be even severe. Namely, it is emphasized that UE should be informed the exact SS/PBCH block frequency as soon as possible, e.g., by SS or PBCH.  In addition, since the design of SS is very stable, it is more preferable to include the indicator in PBCH payload rather than modifying the current SS design. Therefore, including the indicator in PBCH payload can be the most reasonable approach. 
Note that, it can be observed that each entry within the three SS raster with a given N corresponds to a restricted set of values of PRB grid offset indicated in PBCH, and the relationship may be different for different repetition granularity for SS raster. Particularly, 
· If the 5kHz repetition granularity is kept, then the PRB grid offset can only be even values when SSB is placed on N*900kHz. While odd values of PRB grid offset are available on the condition that SSB is placed on N*900kHz(5kHz. Detailed relationship between SS raster and PRB grid offset for different SCS combinations are shown in Table I in the appendix. In this case, it is straightforward to use a 6-bits indicator to jointly indicate both PRB grid offset and the SS/PBCH block frequency. Thus, 1 bit can be reduced compared with the approach of introducing another 2-bits to indicate the SS/PBCH block frequency separately. Detailed design is shown in Table II in the appendix.
· To resolve the subcarrier misalignment, the step can be increased to 10KHz, i.e. the sync entries are N*900kHz+M*10kHz, N=1:[2944], M=-1:1. And if the repetition granularity for SS raster changes to be 10kHz as proposed in our companion contribution [2], then only even values of PRB grid offset are available for all the SS raster entries. Detailed relationship between SS raster and PRB grid offset for different SCS combinations are shown in Table III in the appendix. In this case, 4-bits are enough to indicate the PRB grid offset between SS/PBCH block and common resource block. As a consequence, another 2-bits are required to be added to indicate the SS/PBCH block frequency as shown in Table IV in the appendix.
In addition, consider that increasing the payload size for PBCH may slightly affect the reception performance for PBCH, and thus it is also possible to carry such indicator implicitly in PBCH. For example, three different masks for the CRC of PBCH can be introduced and each mask corresponds to one of the three adjacent SS raster entries respectively.
Proposal: gNB should inform UE the value of M=-1:1 corresponding to the SS raster for frequency range of 0-2.65GHz.
3 Conclusion

In this contribution, two issues for current SS raster were identified and possible solutions were provided. The following observation and proposal are given:
Observation: For frequency range 0-2.65GHz, current SS raster would lead much restriction on the usage of channel raster, e.g., (N*900(100)kHz, (N*900(200)kHz and (N*900(400)kHz cannot be used as center frequency of a bandwidth with SSB and common resource block of 30kHz SCS.
Proposal: gNB should inform UE the value of M=-1:1 corresponding to the SS raster for frequency range of 0-2.65GHz.
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Appendix
Table I. Relationship between SS raster (N*900kHz+M*5kHz) and PRB grid offset
	SCS of SSB
	SCS of common resource block
	SS raster
	PRB grid offset
(in unit of subcarrier)

	15kHz

	15kHz
	N*900kHz
	0,2,4,6,8,10

	
	
	N*900kHz(5kHz
	1,3,5,7,9,11

	
	30kHz
	N*900kHz
	0,2,4,6,8,10,12,14,16,18,20,22

	
	
	N*900kHz(5kHz
	1,3,5,7,9,11,13,15,17,19,21,23

	30kHz

	15kHz
	N*900kHz
	0,2,4,6,8,10

	
	
	N*900kHz(5kHz
	1,3,5,7,9,11

	
	30kHz
	N*900kHz
	0,2,4,6,8,10,12,14,16,18,20,22

	
	
	N*900kHz(5kHz
	1,3,5,7,9,11,13,15,17,19,21,23


Table II. Joint indication for PRB grid offset and SS/PBCH block frequency 

	Index
	PRB grid offset
(in unit of subcarrier)
	SS/PBCH block frequency(kHz)
	Index
	PRB grid offset

(in unit of subcarrier)
	SS/PBCH block frequency(kHz)

	0
	0
	N*900
	19
	13
	N*900+5

	1
	1
	N*900+5
	20
	13
	N*900-5

	2
	1
	N*900-5
	21
	14
	N*900

	3
	2
	N*900
	22
	15
	N*900+5

	4
	3
	N*900+5
	23
	15
	N*900-5

	5
	3
	N*900-5
	24
	16
	N*900

	6
	4
	N*900
	25
	17
	N*900+5

	7
	5
	N*900+5
	26
	17
	N*900-5

	8
	5
	N*900-5
	27
	18
	N*900

	9
	6
	N*900
	28
	19
	N*900+5

	10
	7
	N*900+5
	29
	19
	N*900-5

	11
	7
	N*900-5
	30
	20
	N*900

	12
	8
	N*900
	31
	21
	N*900+5

	13
	9
	N*900+5
	32
	21
	N*900-5

	14
	9
	N*900-5
	33
	22
	N*900

	15
	10
	N*900
	34
	23
	N*900+5

	16
	11
	N*900+5
	35
	23
	N*900-5

	17
	11
	N*900-5
	36-63
	Reserved

	18
	12
	N*900
	
	


Table III. Relationship between SS raster (N*900kHz+M*10kHz) and PRB grid offset
	SCS of SSB
	SCS of common resource block
	SS raster
	PRB grid offset
(in unit of subcarrier)

	15kHz

	15kHz
	N*900kHz
	0,2,4,6,8,10

	
	
	N*900kHz(10kHz
	0,2,4,6,8,10

	
	30kHz
	N*900kHz
	0,2,4,6,8,10,12,14,16,18,20,22

	
	
	N*900kHz(10kHz
	0,2,4,6,8,10,12,14,16,18,20,22

	30kHz

	15kHz
	N*900kHz
	0,2,4,6,8,10

	
	
	N*900kHz(10kHz
	0,2,4,6,8,10

	
	30kHz
	N*900kHz
	0,2,4,6,8,10,12,14,16,18,20,22

	
	
	N*900kHz(10kHz
	0,2,4,6,8,10,12,14,16,18,20,22


Table IV. Indication for SS/PBCH block frequency.

	Index
	SS/PBCH block frequency(kHz)

	0
	N*900

	1
	N*900+10

	2
	N*900-10

	3
	Reserved


