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1 Introduction
In RAN1#86bis, different multiplexing options for the synchronization signals and physical channels were discussed, including TDM and FDM approaches. During the discussion, the following agreements were reached:
	Agreements:
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’
· FFS: details how to compose PSS, SSS and/or PBCH
· Multiplexing other signals are not precluded within a ‘SS block’
· One or multiple ‘SS block(s)’ compose an ‘SS burst’
· FFS: Number of ‘SS block(s)’ (defined as duration of ‘SS burst’)
· FFS: whether or not ‘SS block(s)’ are consecutive
· FFS: whether or not ‘SS block(s)’ within a ‘SS burst’ are the same
· One or multiple ‘SS burst(s)’ compose a ‘SS burst set’
· FFS: Periodicity and the number of ‘SS burst’ within a SS burst set
· Number of SS bursts within a SS burst set is finite.
· FFS: Transmission instances of ‘SS burst set’ 
· E.g., periodic/aperiodic transmission of SS burst sets.


In this contribution, we provide our views regarding TDM/FDM multiplexing between PSS and SSS signals within SS block for NR.

2 Discussion
Multiplexing of synchronization signals
Two approaches for construction of (SS) block can be considered with FDM and TDM multiplexing of PSS and SSS. Considering the same amount of time and frequency resources the two possible options for PSS and SSS multiplexing are shown in Figure 1. For both options, we assume that SS block occupies the same transmission frequency bandwidth and time duration.


		
	(a) Frequency domain structure of SS block	(b) Time domain structure of SS block
Figure 1. Multiplexing of PSS and SSS within SS block
For SS block structure with FDM multiplexing between PSS and SSS, the SS block consists of one OFDM symbol with PSS and SSS transmitted on non-overlapping REs. In addition, the support of guard band (GB) subcarriers to separate PSS and SSS in the frequency domain should be considered for this multiplexing option to minimize the ICI between PSS and SSS transmissions. In this case the GB can be considered as additional overhead that should reduce the SS processing gain of SS block with FDM multiplexing. 
For SS block with TDM multiplexing between PSS and SSS, the SS block has two OFDM symbols. However, to accommodate the same amount of time resources as for FDM multiplexing, the duration of the OFDM symbols of PSS and SSS should be reduced by considering larger subcarrier spacing. The CP duration for TDM multiplexing should be also scaled that makes TDM based approach less robust to possible inter-symbol interference caused by channel propagation delays. In particular the effect of the propagation delays is expected to be more pronounced for PSS transmission due to the use of the limited amount of the sequences causing larger delays spread of the effective channels. Therefore, the use of the reduced CP duration for PSS transmission should be investigated for TDM option.
Dedicated OFDM symbols for PSS and SSS signal in TDM structure of SS block offers low PAPR sequence designs. The low PAPR properties of properly design PSS and SSS can be exploited for the power boosting. The power boosting, however, would require no transmission of the other signals in the corresponding OFDM symbols such as PBCH or PDSCH. When NR SS are the only signals occupying an OFDM symbol, the maximum power boost available (for either TDM or FDM structure) will be determined by the required minimum EVM needed for sufficient receiver detection performance. In such scenarios, transmission sequences with lower PAPR would potentially enable higher transmit power while obtaining the same transmit EVM. When the required EVM for PSS and SSS are different, TDM structure enables different power scaling between PSS and SSS OFDM symbols, while FDM structure would force the PSS and SSS to retain the same transmit EVM properties. 
A smaller effective bandwidth of PSS transmission in SS block structure with FDM multiplexing implies processing of PSS with lower sampling rate. As the result, the amount of processed received data samples for FDM based approach can be reduced comparing to TDM based approach to cell search complexity from processing and memory requirements. On the other hand, considering the reduced transmission bandwidth of PSS and SSS, it is expected that the timing estimation accuracy from SS block with FDM multiplexing is less accurate comparing to SS block with TDM multiplexing due to finer sampling rate. In this case the reduced complexity of cell search would come at the cost of the worse performance.
A smaller effective duration of PSS transmission in SS block structure with TDM structure implies larger subcarrier spacing. As the result the impact of the carrier frequency offset (CFO) on SS performance should be smaller for TDM comparing to FDM. The frequency offset estimation accuracy of SS block with FDM structure should be more accurate due to finer subcarrier spacing of SS block with FDM structure. However, for neighbor cell search the CFO issue may not be an issue and the possible CFO benefits should be further investigated.
Summarizing discussion above it seems SS blocks with FDM and TDM multiplexing option offer similar performance in power efficiency and has opposite advantages and disadvantages w.r.t. to timing and frequency offset estimation accuracies. Considering some of the benefits above for TDM based approach and given that TDM structure is a well understood structure that is already supported in LTE, we have a preference on TDM based approach for PSS and SSS multiplexing within SS block.
Proposal:
· Consider TDM based approach for PSS and SSS multiplexing within SS block

Multiplexing of SS and PBCH
For multiplexing of SS (e.g., PSS and SSS) and PBCH, the following options, which depicted in Figure 2, may be considered:
Opt.1: FDM between every SS and PBCH;
Opt.2: TDM between every SS and PBCH;
Opt.3: PSS is transmitted on different OFDM symbol(s) comparing to SSS and PBCH. At the same time, the subcarriers allocated for PBCH are interlaced with subcarriers used for SSS transmission;
Opt.4: PSS and SSS are multiplexed in the time domain, while FDM is used for SS and PBCH multiplexing;
Opt.5: PSS and SSS are transmitted on the same OFDM symbol(s), while PBCH on other OFDM symbol(s).
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	(a) Opt.1	(b) Opt.2	(c) Opt.3	(d) Opt.4	(e) Opt.5
Figure 2. Multiplexing options for SS and PBCH
The following aspects can be considered for comparison of different multiplexing options:
· Impact on SS detection performance due to multiplexing with PBCH
· FDM with PBCH would shrink transmission bandwidth of SS affecting the timing estimation accuracy
· TDM with PBCH would increase subcarrier spacing of SS affecting the frequency offset estimation accuracy and make the CP duration shorter
· Possible use of SSS for demodulation of PBCH
· Possible use of power boosting on SS
The comparison results using the above aspects are summarized in Table 1.
Table 1. Comparison of different multiplexing options
	Aspect
	Opt.1
	Opt.2
	Opt.3
	Opt.4
	Opt.5

	Power boosting on SS
	Limited
	Yes
	Yes for PSS
Limited for SSS
	Limited
	Yes

	Timing estimation accuracy
	Reduced
	
	
	Reduced
	Reduced

	Frequency estimation accuracy
	
	Reduced
	Reduced
	
	

	Aid channel estimation for demodulation of PBCH
	No
	Yes
	Yes
	No
	No



Taking into account the number of options and their different advantages and drawbacks, the following proposal can be make:
Proposal:
· To decide on multiplexing of SS and PBCH, further study is needed.

3 Evaluation
The evaluation results of NR SS detection performance with TDM and FDM are presented in Figure 3 in terms of the timing Detection Failure Rate vs. SNR curves for NR PSS (a) and NR PSS+SSS (b). The residual timing and frequency synchronization error statistics is shown in Figures 4(a) and 4(b). To obtain the results, the non-coherent accumulation of multiple, i.e., 8, consecutive SS burst sets was used. Each burst set contains a single SS burst consisted of 16 identical SS blocks. Other evaluation assumptions are listed in the Appendix.
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	(a) NR PSS detection error rate	(b) NR (PSS+SSS) detection error rate
Figure 3. NR SS detection performance
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	(a) Timing	(b) Frequency
Figure 4. Residual timing and frequency synchronization errors for SNR = -9 dB
From Figure 3, it can be seen that both TDM and FDM options shows almost the same performance and TDM slightly outperforms FDM in terms of joint NR (PSS+SSS) detection.

4 Summary
Proposal:
· Consider TDM based approach for PSS and SSS multiplexing within SS block
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Appendix: Evaluation assumptions
	Parameter
	Assumption

	Channel model
	5GCM CDL-C, delay spread = 100ns

	Carrier frequency
	30 GHz

	FFT size
	1024

	Subcarrier spacing
	120 kHz (FDM), 240 kHz (TDM)

	SS Bandwidth
	15.360 MHz (64x240kHz = 2x64x120kHz)

	Cyclic prefix
	256 samples

	PSS
	Zadoff-Chu based (root = 1, length = 63) + DC removal

	SSS
	Based on two binary lengh-31 sequences from LTE SSS design

	Frequency offset
	2, 5, 10, 20 ppm

	Search window
	3840 OFDM symbols (one SS burst set)

	Target false alarm probability
	0.001

	eNB antenna
	(1,16,1), ULA (Ntx = 16), Omni-directional antenna element

	UE antenna
	Omni-directional X-Pol





5/5
image1.emf
SSS

PSS

PSSSSS

GB

FDM

TDM


Microsoft_Visio_Drawing11.vsdx


SSS

PSS
PSS

SSS
GB
FDM
TDM



image2.emf
CP

FDM

TDM

CP

CP


Microsoft_Visio_Drawing22.vsdx






CP
FDM
TDM
CP
CP



image3.emf
SSS

PSS

GB

PBCH


image4.emf
PSS

SSS

PBCH


image5.emf
PSS

PBCH

/

SSS


image6.emf
PSS

SSS

GB

PBCH


image7.emf
SSS

PSS

GB

PBCH


Microsoft_Visio_Drawing33.vsdx

SSS

PSS
GB

PBCH



image8.emf
-21 -20 -19 -18 -17 -16 -15 -14 -13 -12

SNR, dB

10

-3

10

-2

10

-1

10

0

D

e

t

e

c

t

i

o

n

 

e

r

r

o

r

 

r

a

t

e

TDM SCS  f=240kHz; FDM SCS  f=120kHz; f

c

=30GHz; 8 SS burst sets

TDM; cfo=2ppm

TDM; cfo=5ppm

TDM; cfo=10ppm

TDM; cfo=20ppm

FDM; cfo=2ppm

FDM; cfo=5ppm

FDM; cfo=10ppm

FDM; cfo=20ppm


image9.emf
-22 -20 -18 -16 -14 -12 -10 -8 -6

SNR, dB

10

-2

10

-1

10

0

F

a

i

l

u

r

e

 

r

a

t

e

TDM SCS  f=240kHz; FDM SCS  f=120kHz; f

c

=30GHz; 8 SS burst sets

TDM; cfo=2ppm

TDM; cfo=5ppm

TDM; cfo=10ppm

TDM; cfo=20ppm

FDM; cfo=2ppm

FDM; cfo=5ppm

FDM; cfo=10ppm

FDM; cfo=20ppm


image10.emf
0 20 40 60 80 100 120

Residual timing error, samples

0

10

20

30

40

50

60

70

80

90

100

C

D

F

,

 

%

TDM SCS  f=240kHz; FDM SCS  f=120kHz; f

c

=30GHz; 8 SS burst sets

TDM; cfo=2ppm

TDM; cfo=5ppm

TDM; cfo=10ppm

TDM; cfo=20ppm

FDM; cfo=2ppm

FDM; cfo=5ppm

FDM; cfo=10ppm

FDM; cfo=20ppm


image11.emf
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Residual carrier freq error, f/ f

0

10

20

30

40

50

60

70

80

90

100

C

D

F

,

 

%

TDM SCS  f=240kHz; FDM SCS  f=120kHz; f

c

=30GHz; 8 SS burst sets

TDM; cfo=2ppm

TDM; cfo=5ppm

TDM; cfo=10ppm

TDM; cfo=20ppm

FDM; cfo=2ppm

FDM; cfo=5ppm

FDM; cfo=10ppm

FDM; cfo=20ppm


