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1 Introduction
During RAN1#88bis meeting, the following agreements on SS block composition and SS burst set composition are achieved [1].
Agreements:
· Support about 1000 hypotheses provided by NR-PSS/SSS to represent NR physical cell ID for NR-SS design.
· FFS: indication of radio frame boundary by NR-SSS
· In both single beam and multi-beam scenario, support only time division multiplexing of PSS, SSS and PBCH.

Working assumption:
· NR-PSS, NR-SSS and NR-PBCH are presented in every SS block
· FFS: deactivated cell case (if defined)

Agreements:
· Number of symbols per SS block 
· 1 symbol NR-PSS
· 1 symbol NR-SSS
· 2, 3 or 4 symbols NR-PBCH (to be decided once the payload and NR-PBCH design has been agreed)
· FFS: Multiplexing of TSS/TSCH in SS block if TSS/TSCH is agreed to be introduced
· In a single SS block, the symbols are consecutive
Agreements:
· The considered maximum number of SS-blocks, L, within SS burst set for different frequency ranges are
· For frequency range up to 3 GHz, the maximum number of SS-blocks, L, within SS burst set is [1, 2, 4]
· For frequency range from 3GHz to 6 GHz, the maximum number of SS-blocks, L, within SS burst set is [4, 8]
· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L, within SS burst set is [64]
· The way the value of L is reflected in specification is FFS
· Aforementioned values are to be used to facilitate the NR initial access design and evaluate the specification impact
· Possibility of having unified frequency agnostic signaling design is not precluded


In this contribution, the design considerations on the maximum number of SS blocks within an SS burst set, SS block components and the possible SS block locations are discussed. 
1 
2 
2 Maximum number of SS blocks in an SS burst set 
3 

In the legacy LTE at 2GHz, on average there is one SS block per 5 ms. RAN1 has agreed that the SS burst set periodicity will be 20ms for initial access. However, the SS periodicity for CONNECTED/IDLE & non-standalone cases could be configured as {5, 10, 20, 40, 80, 160} ms. For below 6GHz, the periodicity smaller than 20ms could be used to achieve similar sync acquisition time as that of LTE. Although it may be beneficial for a gNB to improve its cell coverage by transmitting SS blocks using multiple beams for below 6GHz NR, more than 4 SS blocks per SS burst set seems to cost too much overhead as shown in Table 1. Therefore, the maximum number of SS blocks per SS burst set for below 6GHz NR of 2~4 is more reasonable considering the sync cost/performance comparable with that of LTE.

Table 1 Overhead of time resource for different number of SS blocks when SS burst set Periodicity is 5ms(10ms)
	
	SCS (kHz)
	Average # of OFDM symbols per SS block
	Periodicity of SS burst set (ms)
	Overhead in time domain

	LTE
	15
	4
	5
	5.7%

	2 SS blocks per burst set
	15
	4
	5(10)
	11.4%(5.7%)

	4 SS blocks per burst set
	15
	4
	5(10)
	22.8% (11.4%)

	8 SS blocks per burst set
	15
	4
	5(10)
	45.6% (22.8%)




Therefore, according to the agreements in last meeting, we have the following proposal on the maximum SS block numbers per SS burst set for NR. 

Proposal 1:  The maximum number of SS-blocks, L, within SS burst set is carrier frequency dependent
· For frequency range up to 3 GHz, the maximum number of SS-blocks, L, within SS burst set is 2;
· For frequency range from 3 GHz to 6 GHz, the maximum number of SS-blocks, L, within SS burst set is 4;
· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L, within SS burst set is 64;
 
3 SS block Composition 
In RAN1#88bis, TDMed NR-PSS/SSS/PBCH was agreed. Number of OFDM symbols in an SS block should consider the decoding/detection performance of NR-PSS/SSS/PBCH. As agreed in last meeting, there will be 1 symbol of NR-PSS, 1 symbol of NR-SSS per SS block. The number of OFDM symbols for NR-PBCH can be 2, 3 or 4. However, as shown in our simulation results, 2 OFDM symbols per SS block are already good enough for the decoding of NR-PBCH. Therefore, we propose that 2 symbols for NR-PBCH per SS block. 

Proposal 2: NR supports 2 symbols for NR-PBCH per SS block. 

Figure 1 shows two alternatives on the SS block composition. For illustration, we assume 2RBs as GB and remaining 22RBs with 264REs available in PBCH for illustration.
· Alt1: 127-length NR-SSS sequence mapping on every two subcarriers 
· DMRS is IFDMed in PBCH symbols.
· DMRS sequence is distributed in 22RBs per PBCH symbol 
· NR-SSS over 22RBs can be used for coherent detected of the DMRS sequence.
· Alt2: 127-length NR-SSS sequence mapping on consecutive subcarriers
· DMRS is IFDMed in PBCH symbols.
· DMRS sequence is distributed in the center 11RBs of the two PBCH symbols.
· NR-SSS over 11 RBs/127REs can be used for coherent detected of the DMRS sequence. 
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Figure 1 

Figure2 compares the DMRS and DMRS+SSS for PBCH demodulation using multiplexing structure of Alt1 and Alt2 respectively. The SSS and PBCH use same 1-port precoder cycling as the transmission scheme and the 4-shot combining is used within PBCH TTI of 80ms. The 1/4 DMRS overhead is used for fair comparison. With known DMRS sequence, the DMRS+SSS further improves the PBCH detection by around 1dB on top of DMRS only. For 30GHz with small delay spread, the difference between Alt1 and Alt2 is marginal because of the less selective fading channel.
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(a) 4GHz with delay spread=100ns    (b) 30GHz with delay spread =30ns

Figure 2

[bookmark: _GoBack]Based on simulation in [4], we have confirmed no impact of the precoding cycling on the PSS/SSS detection. It is straightforward to use the same single-antenna port for NR-PSS, NR-SSS and NR-PBCH transmission.

Proposal 3: UEs assume same antenna port for NR-PSS, NR-SSS, and NR-PBCH.
Proposal 4: Together with DMRS, the NR-SSS using same antenna port should be considered to improve the channel estimation of NR-PBCH demodulation.

4 SS block mapping pattern
For NR, similarly to LTE, we will use the terminology of frame, slot and OFDM symbol to describe the timing of SS blocks. According to the LS from RAN4 [R4-1704223], the potential subcarrier spacing is listed for each frequency range category.  
1. SCS supported for bands below 1 GHz
0. 15kHz, 30kHz
0. The decision of supporting 60kHz is pending RAN1 check
1. SCS supported for bands between 1GHz and 6GHz
1. 15kHz, 30kHz, 60kHz
1. SCS supported for bands above 24GHz and below 52.6GHz
2. 60 kHz, 120kHz
2. 240kHz is not applicable for data
· 240kHz for data can be further considered if a clear benefit is shown 
1. SCS support is band dependent

However, RAN1 has agreed that the default parameter set (SCS, sequence length, NR-SS transmission bandwidth) will be associated with a frequency band. Although the data/control channels may use various numerology of SCS and CP (NCP or ECP), we propose the NR-SS block mapping pattern is fixed/predefined and irrespective of the multiplexed data/control channels. By using the predefined pattern, the UE can detect the NR-SS blocks to get the slot/frame boundary without impact of the different data symbol boundary.

Proposal 5: For each frequency band, the NR-SS block mapping pattern is fixed/predefined and irrespective of the multiplexed data/control channels.

As the numerology of subcarrier spacing can change from 15kHz to 240kHz, the slot length and OFDM symbol length can change due to the change of different numerologies. Therefore, it is necessary for us to define a default slot (NR-SS slot) with predefined subcarrier spacing to describe the mapping of SS blocks. A NR-SS slot for below 6GHz is defined as a slot with subcarrier spacing of 15kHz and slot duration of 1ms. A NR-SS slot for above 6GHz is defined as a slot with subcarrier spacing of 60kHz and slot duration of 0.25ms. For both above 6GHz and below 6GHz, a NR-SS slot can be regarded as a 14-symbol slot with NCP. Figure 3 shows the NR-slot for both below 6GHz and above 6GHz NR.



Figure 3 

Proposal 6: For each frequency band, NR-SS slots should be defined to describe the mapping pattern of SS blocks:
· For below 6 GHz, an NR-SS slot has 1ms time duration, equivalent to a slot with 14 OFDM symbols (e.g., #0~#13 OFDM symbol) with SCS=15kHz and NCP. Total number of NR-SS slots in a radio frame is 10.
· For above 6GHz, an NR-SS slot has 0.25ms time duration, equivalent to a slot with 14 OFDM symbols (e.g., #0~#13 OFDM symbol) with SCS=60kHz and NCP. Total number of NR-SS slots in a radio frame is 40. 

Within an NR-SS slot duration, the NR-SS block location and the max number of NR-SS blocks are discussed as follows. Here, we assume an NR-SS block consisting of 4 consecutive OFDM symbols with SCS_SS=2n*15kHz and NCP. Considering the potential PDCCH/PUCCH in a NR-SS slot, the following alternatives of NR-SS block pattern are considered:
· Alt1: Consecutive NR-SS block(s) is(are) located in #2~#5 symbol (4 symbols) in the NR-SS slot
· No overlapping between NR-SS blocks and potential PDCCH in #0~#1 symbols and potential PUCCH in #6 symbol per NR-SS slot
· Maximize no collision with PDCCH/PUCCH in 7-symbol half NR-SS slot
· The #7~#13 symbols may be used for data transmissions, including low latency (e.g., URLLC) packets. Furthermore, #7~#13 symbols allow flexible configuration of dynamic TDD.
· Note that for 120KHz sync SCS, only 32 SS blocks can be mapped within 5ms.    
· Alt2: Consecutive NR-SS block(s) is(are) located in #3~#10 symbol (8 symbols) in the NR-SS slot
· No overlapping between NR-SS blocks and potential PDCCH in #0~#2 symbol and potential PUCCH in #11~#13 symbols per NR-SS slot.
· Maximize no collision with PDCCH/PUCCH (with NCP or ECP, and potential GP before the PUCCH if needed) in 14-symbol NR-SS slot
· Put more NR-SS blocks within a NR-SS slot using doubled resources of Alt1 for NR-SS block mapping.



Figure 4

Table 2 Max number of NR-SS blocks per 1ms-subframe
	
	Max number of NR-SS blocks per 1ms-subframe

	for below6GHz
	Alt1
	Alt2

	If SCS_SS=15kHz
	1 per 1ms
	2 per 1ms

	If SCS_SS=30kHz
	2 per 1ms
	4 per 1ms

	for above6GHz
	Alt1
	Alt2

	If SCS_SS=120kHz
	2 per 0.25ms
4x2=8 per 1ms
	4 per 0.25ms
4x4=16 per 1ms

	If SCS_SS=240kHz
	4 per 0.25ms
4x4=16 per 1ms
	8 per 0.25ms
4x8=32 per 1ms




Table 2 illustrate the max number of NR-SS blocks per 1ms-subframe using Alt1 and Alt2 respectively for different SCS value for NR-SS block. If the actual number of NR-SS blocks is smaller than that in Table 2, one subframe is enough to include the NR-SS blocks and all the NR-SS blocks are transmitted at the beginning of NR-SS burst set periodicity, e.g., within 0th subframe within 10ms-frame. Otherwise, if the actual number of NR-SS blocks is larger than that in Table 2, more than one subframe is required within a NR-SS burst set duration. 

In case that we need more than one subframe to include the NR-SS slots with NR-SS blocks, there are two options. Further comparison is needed.
· Opt(a): consecutive subframes for NR-SS slots
· Contiguous searching window
· Opt(b): non-consecutive subframes for NR-SS slots
· Non-contiguous searching window or contiguous searching window with longer time
· Time diversity gain across the NR-SS blocks distributed in discontinuous subframes

For example, as shown in Figure 5, the highlighted subframes will be used to include the NR-SS blocks. We assume using SCS=240kHz for NR-SS blocks and there are max 64 NR-SS blocks, the subframe location for NR-SS slot mapping for Alt1 and Alt2 in Figure 4 are illustrated.
· In case of Alt1, subframes include max 16 NR-SS blocks
· Opt (a): 4 subframes in {#0, #1, #2, #3}.
· Opt (b): 4 subframes in {#0, #1} and {#5, #6}.
· In case of Alt2, each subframe include max 32 NR-SS blocks
· Opt (a): 2 subframes in {#0, #1}.
· Opt (b): 2 subframes distributed in {#0, #5}.



Figure 5


5 Conclusions
This contribution has examined design issues related to the maximum number of SS blocks, NR SS burst set composition and timing index indication, and made the following observations and proposals.
Proposal 1: The maximum number of SS-blocks, L, within SS burst set is carrier frequency dependent
· For frequency range up to 3 GHz, the maximum number of SS-blocks, L, within SS burst set is 2;
· For frequency range from 3 GHz to 6 GHz, the maximum number of SS-blocks, L, within SS burst set is 4;
· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L, within SS burst set is 64;

Proposal 2: NR supports 2 symbols for NR-PBCH per SS block. 
Proposal 3: UEs assume same antenna port for NR-PSS, NR-SSS, and NR-PBCH.
Proposal 4: Together with DMRS, the NR-SSS using same antenna port should be considered to improve the channel estimation of NR-PBCH demodulation.
Proposal 5: For each frequency band, the NR-SS block mapping pattern is fixed/predefined and irrespective of the multiplexed data/control channels.
Proposal 6: For each frequency band, NR-SS slots should be defined to describe the mapping pattern of SS blocks:
· For below 6 GHz, an NR-SS slot has 1ms time duration, equivalent to a slot with 14 OFDM symbols (e.g., #0~#13 OFDM symbol) with SCS=15kHz and NCP. Total number of NR-SS slots in a radio frame is 10.
· For above 6GHz, an NR-SS slot has 0.25ms time duration, equivalent to a slot with 14 OFDM symbols (e.g., #0~#13 OFDM symbol) with SCS=60kHz and NCP. Total number of NR-SS slots in a radio frame is 40. 
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Appendix A: Evaluation assumptions for LLS
Table A1: Evaluation assumptions 
	Parameters
	Below 6GHz

	Bandwidth
	7.65MHz

	Subcarrier spacing
	30kHz

	Carrier frequency
	4GHz

	FFT size
	512

	Delay spread
	100ns, 1000ns

	Modulation
	QPSK

	Antenna configuration
	2x2

	Period
	80ms / 4times repetition

	Tx scheme
	1-port precoder cycling

	Velocity
	3km/h, 120km/h

	Channel model
	TDL-C (mid corr)

	Channel estimation
	2D MMSE

	Channel coding
	1/3 TBCC

	CFO
	TRP: +/- 0.05 ppm, UE: +/- 0.1ppm



Table A2: Evaluation assumptions 
	Parameters
	Above 6GHz

	Bandwidth
	69.12MHz

	Subcarrier spacing
	240kHz

	Carrier frequency
	30GHz

	FFT size
	512

	Delay spread
	30ns

	Modulation
	QPSK

	Antenna configuration
	gNB: (4,8,2,1,1), HPBW=65°
UE: (2,4,2,1,2), HPBW=90°

	Period
	80ms / 4 times repetition

	Tx scheme
	1-port precoder cycling

	Velocity
	3km/h

	Channel model
	CDL-C

	Beam search
	Fixed beam (to boresight direction)

	Channel estimation
	2D MMSE

	Channel coding
	1/3 TBCC




image3.emf
SNR

-18 -17 -16 -15 -14 -13 -12 -11 -10 -9 -8

B

L

E

R

 

P

e

r

f

o

r

m

a

n

c

e

10

-2

10

-1

10

0

NR-PBCH evaluation, TDL-C(mid), PC, 3km/h, 100ns, 4 repetitions

DMRS only (Alt1)

DMRS only (Alt2)

DMRS+SSS (Alt1)

DMRS+SSS (Alt2)


image4.jpeg
BLER

NR-PBCH: CDL-C (30ns), 30GHz, 3km/h, (4,8,2,1,1)-(2,4,2,1,2), PC, 4 shots

1.0E+00 n“—e%

1.0E-01
—[3-DMRS only (Alt1, 1/4)
~[3-DMRS only (Alt2, 1/4)
—O-DMRS+SSS (Alt1, 1/4)
—O-DMRS+SSS (Alt2, 1/4)
1.0E-02 T T T T +

-20 ~19 -18 -17 -16 15 -14 -13 a2 a2 -10
SNR (dB)




image5.emf
#0

NR-SS slot of 1ms for below 6GHz

NR-SS slot of 0.25ms 

for above 6GHz

#1 #2 #3 #4 #5 #6

#7 #8 #9

#10 #11 #12 #13

#

0

#

1

#

2

#

3

#

4

#

5

#

6

#

7

#

8

#

9

#

1

0

#

1

1

#

1

2

#

1

3


Microsoft_Visio_Drawing.vsdx
#0

NR-SS slot of 1ms for below 6GHz
NR-SS slot of 0.25ms  for above 6GHz
#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#0

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13



image6.emf
#0

NR-SS slot

#1 #2

#3 #4 #5 #6

#7 #8 #9 #10 #11 #12 #13

#0 #1 #2 #3 #4 #5 #6

#7 #8 #9 #10

#11

#12 #13

Alt1

Alt2

Location range of 

NR-SS block(s)

Location range of NR-SS block(s)

No overlap with 

potential PDCCH

No overlap with 

potential PDCCH

No overlap with 

potential GP and PUCCH

Potentially used for Data/ 

URLLC /Control


Microsoft_Visio_Drawing1.vsdx
#0
NR-SS slot
#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#0

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
Alt1
Alt2
Location range of  NR-SS block(s)
Location range of NR-SS block(s)

No overlap with potential PDCCH

No overlap with potential PDCCH

No overlap with potential GP and PUCCH
Potentially used for Data/ URLLC /Control




image7.emf
#0

NR-SS burst set duration of 20ms

#1 #2

#3 #4 #5 #6

#7 #8 #9

#0 #1 #2 #3 #4 #5 #6

#7 #8 #9

Opt(a) 

in case of Alt1 

Subframe 

of 1ms

Subframe 

of 1ms

#0 #1 #2 #3 #4 #5 #6

#7 #8 #9

Subframe 

of 1ms

#0 #1 #2 #3 #4 #5 #6 #7 #8 #9

Subframe 

of 1ms

Opt(b) 

in case of Alt1 

Opt(a) 

in case of Alt2 

Opt(b) 

in case of Alt2 


Microsoft_Visio_Drawing2.vsdx
#0
NR-SS burst set duration of 20ms
#1
#2
#3
#4
#5
#6
#7
#8
#9
#0
#1
#2
#3
#4
#5
#6
#7
#8
#9
Opt(a)  in case of Alt1
Subframe  of 1ms

Subframe  of 1ms

#0
#1
#2
#3
#4
#5
#6
#7
#8
#9
Subframe  of 1ms

#0
#1
#2
#3
#4
#5
#6
#7
#8
#9
Subframe  of 1ms

Opt(b)  in case of Alt1
Opt(a)  in case of Alt2
Opt(b)  in case of Alt2



image1.emf
NR-

PSS

NR-

SSS

NR-

PB

CH

t

f

NR-DMRS REs

NR-

PB

CH


image2.emf
NR-

PSS

NR-

SSS

NR-

PB

CH

t

f

NR-DMRS REs

NR-

PB

CH


