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1. Introduction
In RAN4 R4-1709187, RAN4 asked RAN1 to find a solution to support the following cases:
1. Minimum required channel BW and SS SCS for a Sub-6GHz band are 5MHz and 15kHz, respectively. An operator plans to operate with 10MHz bandwidth 30kHz SCS in order to deploy NR/LTE DL co-existence within the same band.

1. For bands above 6GHz, the minimum required channel BW and SS SCS are 50MHz and 120kHz, respectively. An operator who has at least 100MHz contiguous spectrum, plans to operate with 240kHz SS SCS within the same band. 

1. RAN1 is asked to find a solution that shall support the ability for a UE to perform initial access to the NR cells operating with the above carrier bandwidth/SS SCS combinations.

In this paper, we provided the analysis and discussion on this issue and accordingly prepared the proposals for reply LS to RAN1.
2. Discussion
To address the issues raised by the RAN4 LS mentioned above, the following two alternatives were suggested [1] and noted in the chairman’s notes:
· Alt 1: Redesign the SS block design, i.e., reduce PBCH BW to 12 PRBs so that UE minimum BW does not exceed 5 MHz for sub6GHz and 50MHz for over6GHz, regardless of the selected subcarrier spacing
· Alt 2: RAN4 is allowed to select up to two SCS values for SS/PBCH and the corresponding UE minimum BW for each band of a limited set of bands

With Alt 1, there will be no need for multiple SS block numerologies if sub-carrier spacing of 30 kHz and 240 kHz are chosen for bands with minimum channel bandwidth of 5 MHz and 50 MHz respectively. However, this alternative solves the problem only if no other deployment case would require additional SS block numerology to be defined for a frequency band. Moreover, the PBCH coverage will be reduced and the detection of SS block time index carried in PBCH DMRS would also be less accurate. As shown in Figure 1 to Figure4, PBCH bandwidth reduction will cause 3~4dB loss on PBCH decoding performance and more than 2dB loss on SS block index detection performance at SNR=-6dB. It should be noted that the change of PBCH bandwidth will cause the performance loss at any time when UE needs to acquire PBCH, not just during the initial access phase. Additional works may be needed to make up the shortfall and thus further slow the RAN1 progress down.
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Figure 1. Performance of 12 vs. 24 PRBs with 56bits @ EPA5
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Figure 2. Performance of 12 vs. 24 PRBs with 64bits @ EPA5
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Figure 3. Performance of 12 vs. 24 PRBs with 56bits @ TDL-C
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Figure 4. Performance of 12 vs. 24 PRBs with 64bits @ TDL-C



Observation 1: Alt 1 reduces PBCH coverage and SS block time index detection rate.
With Alt 2, the cell search effort would double for the bands in which multiple SS block numerologies are defined during initial access stage. If the requirement for initial access latency is specified proportionally to the number of SS block numerologies, the impact on UE hardware cost may be limited but the power consumption will increase [2]. This increase in cell search time and therefore UE power consumption becomes an issue during a “cold start” when UE powers on in a new location without any prior knowledge of the networks in service and thus needs to scan over all possible raster locations. Therefore, it is highly desirable to limit the number of bands for which more than 1 SS block numerology is specified. 
Observation 2: Alt 2 increases UE power consumption and cell search latency significantly in cold start.
Note that Alt 1 is not immune to the cold start initial access complication either. It is simply proportionally less severe, or 50% less severe when two numerologies are specified. Therefore, if the root cause of initial access complexity due to high raster density can be addressed, multiple SS block numerologies is not only feasible but also desirable as it allows operators the flexibility in network deployment.
It was proposed in [3] that the solutions addressing this root cause “should be investigated based on optimized UE search techniques or synchronization raster design.” Along the lines of this proposition, we give a few potential solutions in the following section.
3. Other Alternatives
It was shown in [4] that the lowest synchronization raster density is a function of the SS block bandwidth and the minimum channel bandwidth. Generally speaking, lower SS block bandwidth as a proportion of the minimum channel bandwidth leads to lower synchronization raster density. If the SS block has the same bandwidth as the minimum channel bandwidth, the synchronization raster will be the same as the carrier raster, which can be as fine as 100 kHz in the LTE re-farming bands. In this regard, neither Alt. 1 nor Alt. 2 can lower the synchronization raster density as the SS block bandwidth for both cases would be almost the same as the minimum channel bandwidth, as shown in Table 1.
[bookmark: _Ref494468684]Table 1: SS block bandwidths for different alternatives
	Alternative
	Alt 1
	Alt 2

	SS block dimension
	144 sub-carriers
	288 sub-carriers

	Min. channel BW
	5 MHz
	50 MHz
	5 MHz
	10 MHz
	50 MHz
	100 MHz

	Sub-carrier spacing
	30 kHz
	240 kHz
	15 kHz
	30 kHz
	120 kHz
	240 kHz

	SS block BW
	4.32 MHz
	34.56 MHz
	4.32 MHz
	8.64 MHz
	34.56 MHz
	69.12 MHz



Section 3.1 gives a potential solution to allowing for a much lower synchronization raster density without reducing the SS block bandwidth.
3.1. [bookmark: _Ref494794648]Cyclically Shifted SS Block
Since PBCH will have high redundancy for extended coverage, it is possible to design the PBCH in a way such that the part of PBCH having the same frequency range as PSS/SSS contains sufficient information to be decoded by the UE, albeit with a higher error rate. The same goes with the SS block time index carried by the DMRS. That is, the SS block time index is also partial-band decodable.
Since the current RAN1 agreement is that PSS/SSS bandwidth is always half of the SS block bandwidth, the middle half of the SS block will always be less than half of the minimum channel bandwidth. If we allow the whole of the SS block to be cyclically shifted in frequency domain (not just the PSS/SSS) before mapping it to the physical resources, as shown in Figure 5, the middle half of the original SS block that contains PSS/SSS and portion of PBCH and DMRS can be aligned to a sparser synchronization raster. As long as the cyclic shift does not wrap the middle portion of the original SS block across the edges of the physical resource, the structure of PSS/SSS will remain intact and cell search performance will not be affected.
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[bookmark: _Ref494473445]Figure 5: Cyclic shift of SS block in frequency domain
Figure 6 further illustrates how this cyclic shift helps lower the synchronization raster density. Without loss of generality, let’s assume the SS block bandwidth and minimum channel bandwidth are the same. An operator may deploy a carrier at any location on the carrier raster, but the middle half of the original, non-shifted SS block is always aligned with the sparser synchronization raster.
From the perspective of a UE in initial access phase, this cyclically shifted SS block approach is no different from Alt 1. Therefore, it suffers the same coverage loss during initial access. However, it allows for a sparser synchronization raster regardless of the choice of SS block numerology.
Observation 3a: Cyclically shifted SS block is the same as Alt 1 from the UE perspective in initial access phase.
The value of cyclic shift can be carried in the PBCH, possibly associated with the indication of CORESET for RMSI. Once a UE completes the initial access procedure and acquires this offset information, the subsequent cell search and PBCH decoding will be based on the full SS block. This will at least maintain the coverage for non-initial access UEs.
Observation 3b: Cyclically shifted SS block has the same coverage and properties as full-band SS block for UEs that have completed initial access procedure.
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[bookmark: _Ref494474290]Figure 6: Alignment of the PSS/SSS portion of the SS block with a sparser synchronization raster
3.2. Re-design PSS
Another potential solution is to re-design the PSS in a way such that cell search complexity does not scale up with the synchronization raster density. The Low Density Power Boosted (LDPB) synchronization signal introduced in [5] is such an example. By selectively placing very few power boosted tones in the PSS symbol, the cross correlation between any time frequency shifts of the signal can be made very small. The detection of LDPB can be carried out by performing partially overlapped sliding DFT, and a single sliding DFT operation can compute the detection metrics for all frequency offset hypotheses. Since the detection involves only DFT operation, multiple SS block numerologies can be supported without much increase in complexity by exploiting the DFT structure. For example, the output of N-point DFT can be reused to calculate the 2N-point DFT and so on.
This option may appear to be a drastic change. However, its impact is limited to only one physical signal. There is no need to change any of the ongoing or completed works on the NR initial access design. This gives the ultimate flexibility to the operators in deploying cells with different numerologies.
Observation 4: Re-design PSS to allow for low complexity cell search is the most fundamental solution and offers ultimate flexibility in deployment at any carrier frequency with multiple SS block numerologies.
3.3. Operator’s setting/LTE network assisted access
For NSA, or LTE/NR  multi-mode UE, SS block configuration including numerology, periodicity and raster locations can be provisioned by LTE after UE attaches to the LTE network (e.g., via NR container within LTE RRC signaling).  
For NR standalone single mode UE, the UE impact to support multiple SS block numerologies can also be reduced if the numerology information can be made available to UE through operator’s setting in UE (e.g., USIM) [6].
Observation 5: Operator’s setting and LTE network assisted initial access can further alleviate UE’s burden in supporting multiple SS block numerologies.
4. Conclusion
In summary, we have the following observations for the various solutions to supporting multiple SS block numerologies:
Observation 1: Alt 1 reduces PBCH coverage and SS block time index detection rate.
Observation 2: Alt 2 increases UE power consumption and cell search latency significantly in cold start.
Observation 3a: Cyclically shifted SS block is the same as Alt 1 from the UE perspective in initial access phase.
Observation 3b: Cyclically shifted SS block has the same coverage and properties as full-band SS block for UEs that have completed initial access procedure.
Observation 4: Re-design PSS to allow for low complexity cell search is the most fundamental solution and offers ultimate flexibility in deployment at any carrier frequency with multiple SS block numerologies.
Observation 5: Operator’s setting and LTE network assisted initial access can further alleviate UE’s burden in supporting multiple SS block numerologies.
In greater details, Table 2 summarizes the possible solutions and their pros and cons in different aspects. The operator setting assisted solution can be used to further lower initial access complexity in addition to the other 4 solutions. Among the remaining 4 solutions, PSS redesign is the most fundamental as it completely eliminates the need for a raster and greatly reduces cell search complexity for multiple numerologies. However, it is also likely the most controversial solution.
[bookmark: _Ref494738373]Table 2: Summary of Different Approaches
	Solutions
	Multiple numerologies support
	Sparse sync. raster (UE complexity reduction)
	Coverage
	Schedule impact

	Alt 1 (RAN1_AH#3)
	No (30 & 240 kHz)
	No
	Reduced
	High

	Alt 2 (RAN1_AH#3)
	Yes
	No
	No change
	Low

	Cyclically Shifted SS Block
	Yes
	Yes
	Reduced only for cold start initial access UEs
	Medium

	PSS Redesign
	Yes
	Raster-less
	No change
	High

	operator setting/LTE network assisted
	Yes
	No
	No change
	Low



On the other hand, cyclically shifted SS block allows for multiple numerologies and sparse synchronization raster with minimum impact on SS block coverage and NR progress. Therefore, we propose that:
Proposal 1: RAN1 adopts cyclically shifted SS block to support multiple SS block numerologies.
Proposal 2: Additional measures outside of RAN1 such as operator’s setting/LTE network assisted initial access should be taken to further alleviate UE’s burden in supporting multiple SS block numerologies.

5. References
[1] [bookmark: _Ref494442004][bookmark: _Ref481596356][bookmark: _Ref481781528][bookmark: _Ref481782557]R1-1715906, “Discussion on LS on UE minimum carrier BW,” Samsung
[2] [bookmark: _Ref494448063][bookmark: _Ref494445701]R1-1716626, “Discussion on multiple SS block numerologies in RAN4 LS R4-1709187,” MediaTek Inc.
[3] R1-1716159, “Discussion on NR minimum carrier bandwidth and SS block numerology,” AT&T
[4] [bookmark: _Ref494465102]R4-1709313, “Synchronization Raster for NR,” Qualcomm Inc.
[5] [bookmark: _Ref494483331]R1-1700160, “Low Density Power Boosted Synchronization Signal for Flexible NR Frequency Raster,” MediaTek Inc.
[6] [bookmark: _Ref494793858]R1-1716802, “WF on Support of Multiple SS Block Numerologies”
image1.png
Ertor Probabilty

10°

10%

56 bits, EPAS.

—&— 12PRB BLER
—&— 24PRB BLER

— ¢ — 12PRB SBI DETECTION
— % — 24PRB SBI DETECTION

o

SNR(dB)





image2.png
o 84 bits, EPAS
10

—&— 12PRB BLER
—&— 24PRB BLER

— ¢ — 12PRB SBI DETECTION
— % — 24PRB SBI DETECTION

SNR(dB)




image3.png
Ertor Probabilty

10°

56 bits,TDL.

c

—&— 12PRB BLER
—&— 24PRB BLER

— ¢ — 12PRB SBI DETECTION
— % — 24PRB SBI DETECTION

SNR(ME)





image4.png
o 64 bits, TDLC.
10

—&— 12PRB BLER
—&— 24PRB BLER

— ¢ — 12PRB SBI DETECTION
— % — 24PRB SBI DETECTION

-10 ] & 4 2 0 H
SNR(dB)




image5.emf
s

u

b

-

c

a

r

r

i

e

r

 

i

n

d

e

x

P

S

S

P

B

C

H

+

D

M

R

S

S

S

S

P

B

C

H

+

D

M

R

S

0 1 2 3

time

216

72

0

P

S

S

P

B

C

H

+

D

M

R

S

S

S

S

P

B

C

H

+

D

M

R

S

0 2 3

time

252

108

0

s

u

b

-

c

a

r

r

i

e

r

 

i

n

d

e

x

P

S

S

P

B

C

H

+

D

M

R

S

S

S

S

P

B

C

H

+

D

M

R

S

0 1 2 3

time

144

0

s

u

b

-

c

a

r

r

i

e

r

 

i

n

d

e

x

Original SS block

Cyclically shifted by 

36 sub-carriers

Cyclically shifted by 

72 sub-carriers

P

S

S

S

S

S

0 1 2 3

time

144

0

s

u

b

-

c

a

r

r

i

e

r

 

i

n

d

e

x

Cyclically shifted by 

-72 sub-carriers

P

B

C

H

+

D

M

R

S

P

B

C

H

+

D

M

R

S

1


image6.emf
carrier raster

sync. raster sparser than carrier raster

zero cyclic shift


