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1. [bookmark: OLE_LINK57][bookmark: OLE_LINK58]Introduction
Initial access includes functions such as cell search and synchronization, system information delivery, cell selection/reselection and random access. It has significant impact on several NR KPIs [1], for example control plane latency, coverage, connection density and network energy efficiency.
In the RAN1 #86bis meeting, it was agreed that the DL initial signal structure of ‘SS block’, ‘SS burst’ and ‘SS burst set’ should be introduced for PSS, SSS and/or PBCH transmission [2]. 
	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.


[bookmark: OLE_LINK29]In the RAN1 #87 meeting, Companies are encouraged to propose and evaluate design parameters of NR-PSS/SSS including resource mapping/multiplexing [3].
In this contribution, we focus on the SS bandwidth and multiplexing. More specifically, it contains multiplexing of signal and/or channel within SS block, and the multiplexing of SS burst with other transmission. And we will also discuss whether PSS and SSS shall share the same bandwidth or not. 
2. Multiplexing of SS/PBCH in SS block
One SS block may accommodate DL synchronization signal (SS, which at least includes PSS/SSS), and/or PBCH. SS is used for cell discovery and coarse time/frequency synchronization. PBCH carries minimum system information, e.g. related to initial access.


[bookmark: _Ref458438520]Figure 1: Illustration of SS block Structure
As shown in figure 1, three basic SS block structures can be considered, i.e. (1) TDM based structure where multiple OFDM symbols are used for PBCH/PSS/SSS separately; (2) FDM based structure where PBCH/PSS/SSS share the same OFDM symbol; (3) hybrid structure where both FDM and TDM are employed, for example, (a) PSS and SSS are sent in different OFDM symbols which are shared by PBCH, or (b) PSS and SSS are sent in same OFDM symbol and PBCH uses another OFDM symbol.
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]The coverage evaluation of NR initial access for UMa scenario with 30GHz is shown in figure 2. Simulation assumptions can be found in the Table 2 of appendix. Preliminary results show that about -28dB SINR will be experienced by the 5% of cell edge UEs even with beamforming. This extremely low SINR means that there exists a severe coverage problem in this scenario. Hence, schemes for further coverage improvement should be considered. 
· With TDM based SS block structure, power boosting can be applied to the signals related to initial access, which is beneficial for coverage improvement. For example, 40 MHz bandwidth with 60 KHz SCS is applied. It is about 667 sub-carriers in the whole frequency domain. And 62 sub-carriers are occupied by NR SS just like LTE. The sync signals can be power boosted by about 10log(667/62) = 10.3 dB. Furthermore, repetition may also be needed for power limited scenario. However, this kind of structure results in a long SS block and then a long SS burst set, which may bring inefficient resource utilization. This is because SS and SI are generally designed based on smallest system bandwidth. For a larger system bandwidth or power non-limited scenarios, the frequency resources in the OFDM symbols accommodating SS/SI may also be efficiently utilized for data or other signal transmission which will be further discussed in the following sections.
· For FDM based SS block structure, it makes full use of the time/frequency resources in SS blocks since multi-signals and/or channels share in same symbol(s). Nonetheless, there is marginal space for power boosting to effectively solve the coverage problem. Furthermore, FDM based SS block structure will result in higher requirements on the minimum system bandwidth. 
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]As a compromise, hybrid based SS block structure seems attractive, which can solve the problem of coverage to a certain extent. As shown in figure 1, (a) and (b) are two sub-options of hybrid based SS block structure. It is essential for using coherent detection for NR_SSS receiving as discussed in following section. So hybrid (a) seems to be another feasible structure. 
[image: ]
Figure 2: CDF of wideband SINR with and without beamforming
According to the analysis above, TDM SS block structure is attractive for resolving the coverage problem in power limited scenarios. As agreed in the RAN1 #86bis meeting, NR should strive for fixed time/freq. resource position relationships among NR-PSS, NR-SSS and NR-PBCH. So the uniform TDM or hybrid (a) SS block structure is suggested to be used in NR. 
[bookmark: OLE_LINK98][bookmark: OLE_LINK99]Proposal 1: NR should use TDM or hybrid (a) SS block structure. 
3. Frequency Multiplexing of MRS /data transmission in SS block
· Potential MRS transmission in SS block
As discussed above, the SS/PBCH transmission should be based on the smallest system bandwidth. Therefore, for larger system bandwidth, we should consider how to utilize the remaining frequency resource, 
One option is to use the remaining frequency resources to transmit MRS. MRS can be used for RSRP measurement, fine time/frequency synchronization and beam identification or alignment. MRS transmission in ‘always on’ manner should be avoided for the reason of power saving, forward compatibility and interference mitigation. During initial access, MRS transmission can be triggered by preamble and its configuration is sent to UE via e.g. RAR. This mechanism allows UE to perform fine beam searching before RRC connection is established. Then data transmission with the most suitable beam direction can be started soon after RRC is established. Furthermore, the MRS in SS block can also be used by connected mode UEs with appropriate triggering and configuration.
Proposal 2: ‘always on’ MRS in SS block should be avoided.
· during initial access, MRS can be triggered by preamble
[bookmark: OLE_LINK9]MRS will also need beam sweeping for the same reason as SS/PBCH. So it should be allowed to transmit MRS in SS block. It is noted that MRS may also be transmitted in other slot or subframe, it is suitable that the same MRS design should be used no matter where it is transmitted. Additionally, if MRS is transmitted in ‘triggered’ manner, SS block should have a common structure no matter if MRS is transmitted in it. By considering requirement of resource efficiency, SS blocks should be as short as possible, so MRS and SS/PBCH should be multiplexed in FDM manner in the same OFDM symbols. 
Proposal 3: NR should support MRS in SS block
· MRS in SS block should share the same design (e.g. pattern) as MRS transmitted in other slot/subframe
· SS block should have a common structure no matter if MRS is transmitted in it
· MRS and SS/PBCH should be multiplexed in FDM manner in the same OFDM symbols
· Potential data transmission in SS block
As discussed above, for a larger system bandwidth or power non-limited scenarios, the frequency resources in the OFDM symbols accommodating SS/SI may also be efficiently utilized for data transmission. Therefore, how to allocate the unused resources in the blocks for data transmission should be studied. For example, as shown in figure 3, the resources can be scheduled via a DL grant in a previous slot or via a DL grant in the slot to which the SS block is mapped (with discontinuous SS burst structure as discussed in following section).



Figure 3: Example on Efficient Utilization of the Resources in SS block (Assuming a Discontinuous SS burst Structure)
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Proposal 4: Frequency multiplexed DL data transmission in SS blocks is supported. 
4. Time Multiplexing of SS burst with other transmission
[bookmark: OLE_LINK12]Another key issue is the relation between SS burst and the frame structure for the transmission of data and corresponding control signaling, i.e. how to map a SS burst into a radio frame. For multi-beam based deployments, a subframe-level duration SS burst will be needed. One straightforward way is to apply a continuous SS burst and puncture one or several continuous data/control transmission slots in order to accommodate SS burst, as shown in middle approach of figure 4. Although self-contained feedback and scheduling for DL and UL data transmission is very attractive in many cases, it is still doubtful whether it can be used in all cases. In such cases, delayed feedback and/or scheduling needs to be used. Then, the idea of occupying a whole slot for SS burst may constrain the flexibility of data transmission to some extent, especially if a long SS burst is employed. 
For single beam based deployment, only one or a few symbols will be occupied by SS block. The remaining part can be used for data transmission just like LTE. So it seems not a good way for mapping the SS block from the beginning of a time interval. DL control domain should be reserved for data scheduling.


Figure 4: Illustration of Continuous (middle) and Discontinuous (bottom) SS burst
Considering multi-beam (with/without repetition) based deployments, a unified design needs to be guaranteed. It means mapping of multi-beam SS blocks should keep a same start time point as single beam based deployment, and the control field involved could be reserved according to the same principle. 
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]So another discontinuous SS burst approach as shown in bottom approach of figure 4 may be applied. Only puncture data part of time interval for multiplexing of SS blocks. Then, even a long SS burst may not impact flexibility of data transmission before or after the SS burst. 
Proposal 5: NR should support discontinuous SS burst structure, e.g. by allowing UC and DC symbols within the SS burst.
5. Bandwidth of NR-SS
As the agreement in #86bis, NR defines at least two types of synchronization signals[2]. In this section, we will discuss the bandwidth of NR-PSS and NR-SSS jointly.
· Different or same bandwidth for NR-PSS and NR-SSS
[bookmark: OLE_LINK22]In order to reduce complexity of initial synchronization, the bandwidth for NR-PSS should be as small as possible while still satisfying timing accuracy requirement of the channel(s)/signal(s) used during initial access. 
For NR-SSS bandwidth, there two options that can be considered as follows: 
· Option 1: different bandwidth with NR-PSS
· Option 2: same bandwidth as NR-PSS
[bookmark: OLE_LINK25]For option 1, NR-SSS can be designed to satisfy some additional requirements. Such as, 
· Higher timing accuracy: the NR-SSS can occupy a larger bandwidth to improve timing accuracy for potential requirement of subsequent data transmission. 
· Provide possibility for NR-PBCH demodulation: applying a similar bandwidth with NR-PBCH. 
· More cell ID: a larger bandwidth is usually corresponding to a longer sequence which means more cell ID can be indicated. 
However, other channel(s)/signal(s) instead of NR-SSS could also be involved for such requirements. For example, UE may use other RS with wider bandwidth for higher timing accuracy when larger SCS is configured for data transmission. DMRS can also be inserted for demodulation of NR-PBCH. 
[bookmark: OLE_LINK36][bookmark: OLE_LINK37]Furthermore, there will be some problems if PSS and SSS use different bandwidths. One of them is that different filtering operations should be applied to NR-PSS and NR-SSS receiving, which means higher complexity. In addition, the detection performance of NR-SSS will degrade to some extent since only non-coherent detection can be used. Some simulations have been made on this issue, and results are shown in the subsequent parts. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]We evaluate the NR-SS detection performance using non-coherent detection and coherent detection of NR-SSS for 4 GHz and 30GHz carrier frequency. In coherent detection, NR-PSS is used for estimation of channel and frequency offset. The corresponding compensation will be applied for NR-SSS detection. In non-coherent detection, NR-PSS is only used for frequency offset correction. LTE sequences for PSS and SSS are reused for NR-PSS and NR-SSS respectively. Other evaluation assumptions are shown in Table 3 of Appendix. 
[bookmark: OLE_LINK34][bookmark: OLE_LINK35]Table 1 shows the 50th percentile and 90th percentile for NR-SS detection latency under different detection algorithms. It is observed that 50th percentile and 90th percentile detection latency for non-coherent detection of NR-SSS for 4 GHz is much longer than coherent detection. The reason is that there is no channel compensation can be involved for non-coherent detection of NR-SSS. Using similar evaluation method, coherent detection of NR-SSS has also shown obvious advantage for 30 GHz.
Figure 5 and Figure 6 provide CDF for detection latency during initial access for 4 GHz and 30 GHz respectively. Similar conclusions can be obtained as above.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Table 1: 50th percentile and 90th percentile (number of NR-SS periods) for NR-SS detection latency
	Carrier Frequency
	4 GHz
	30 GHz

	Subcarrier spacing
	30 kHz
	120 kHz

	Detection methods
	[bookmark: OLE_LINK33]Coherent detection
	Non-coherent detection
	Coherent detection
	Non-coherent detection

	50th percentile
	1
	3
	3
	4

	90th percentile
	6
	13
	6
	12


[image: ]
Figure 5: CDF of detection latency for non-coherent detection and coherent detection at 4 GHz
[image: ]
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Figure 6: CDF of detection latency for non-coherent detection and coherent detection at 30 GHz
For purpose of using coherent detection of NR-SSS effectively, the same bandwidth should be applied to both NR-PSS and NR-SSS for a given band. 
Proposal 6: The same bandwidth should be applied to both NR-PSS and NR-SSS for a given band. 
· Numerology for NR-SS in each given frequency range
In the RAN1 #87 meeting, it was agreed as follows: 
· For initial access, UE can assume a signal corresponding to a specific subcarrier spacing of NR-PSS/SSS in a given frequency band given by specification
So for all frequency bands, NR-SSs with different sets of numerology parameters should be predefined for different frequency bands. 
In the former RAN1 #86 meeting, it was also agreed that:
· RAN1 should strive for a common framework, including for example structure of synchronization signals, for initial access
For common structure design of synchronization signals, NR-SSs with different sets of numerology parameters should share the same predefined structure, which composes length of sequence, subcarrier mapping mode, etc.
Proposal 7: For different frequency bands, NR-SSs with different sets of numerology parameters should share the same predefined structure
As discussed in our companion contribution [5], the SCSs for NR-SS in different frequency bands had been proposed that 15kHz, 30 kHz and 120 kHz SCS of NR SS are appropriate values for 2GHz, 4 GHz and 30GHz when +/- 5 ppm is considered as the largest frequency offset. And as shown in another contribution [4], if +/- 10 ppm is considered as the largest frequency offset, SCS = 240kHz for frequency range around 30GHz will be used.
The sequence length used in LTE have been shown to give good detection performance, we do not see any obvious reason for changing the sequence length. As we now propose to use a SCS of 15kHz, 30kHz and 120kHz for the different frequency ranges we propose that the bandwidth for NR-PSS/SSS is 1.08MHz when SCS = 15kHz is used 2.16MHz when SCS = 30kHz is used 8.64MHz when SCS = 120 kHz is used and 17.28MHz when SCS = 240 kHz is used.
Proposal 8: Bandwidth for NR-SS in each given frequency band is proposed as follows:
· NR-PSS/SSS bandwidth is 1.08 MHz when SCS = 15KHz
· NR-PSS/SSS bandwidth is 2.16 MHz when SCS = 30KHz
· NR-PSS/SSS bandwidth is 8.64 MHz when SCS = 120KHz
· NR-PSS/SSS bandwidth is 17.28 MHz when SCS = 240KHz
6. Conclusions
The following was proposed above:
Proposal 1: NR should use TDM or hybrid (a) SS block structure. 
Proposal 2: ‘always on’ MRS in SS block should be avoided.
· during initial access, MRS can be triggered by preamble
Proposal 3: NR should support MRS in SS block
· MRS in SS block should share the same design (e.g. pattern) as that transmitted in other slot/subframe
· SS block should have a common structure no matter if MRS is transmitted in it
· MRS and SS/PBCH should be multiplexed in FDM manner in the same OFDM symbols
Proposal 4: Frequency multiplexed DL data transmission in SS blocks is supported..
Proposal 5: NR should support discontinuous SS burst structure, e.g. by allowing UC and DC symbols within the SS burst.
Proposal 6: The same bandwidth should be applied to both NR-PSS and NR-SSS for a given band. 
Proposal 7: For different frequency bands, NR-SSs with different sets of numerology parameters should share the same predefined structure
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Proposal 8: Bandwidth for NR-SS in each given frequency band is proposed as follows:
· NR-PSS/SSS bandwidth is 1.08 MHz when SCS = 15KHz
· NR-PSS/SSS bandwidth is 2.16 MHz when SCS = 30KHz
· NR-PSS/SSS bandwidth is 8.64 MHz when SCS = 120KHz
· NR-PSS/SSS bandwidth is 17.28 MHz when SCS = 240KHz
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Appendix
[bookmark: OLE_LINK94][bookmark: OLE_LINK95]Table 2: Simulation assumptions
	Parameter
	Urban Macro

	Layout
	Single layer
Macro layer: Hex Grid

	ISD
	500m

	Carrier Frequency
	30GHz

	System bandwidth and carrier spacing
	40 MHz(60 kHz/RE)

	Channel model
	5GCM UMa[6]

	BS Tx power
	43dBm

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (4,8,2,2,2)
(dH,dV) = (0.5, 0.5)λ 
(dg,H,dg,V) = (4.0, 2.0)λ

	UE Configuration
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180;
Notes: the polarization angles are 0 and 90

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 0 degree, 
ΩUT, = 0 degree

	UE antenna pattern
	See Table A.2.1-8 in TR 38.802

	BS antenna height
	25m

	UE antenna height
	Same as 3D-UMa in TR36.873

	UE antenna gain
	5dBi

	Noise figure for BS
	7dB

	UE receiver noise figure
	10dB

	UE distribution
	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h
10 users per TRP 

	Codebook for analog beamforming
	DFT-based, no oversampling. Direction of beams [-60, 60] degrees in azimuth domain and [90, 160] degrees in zenith domain.
Tx: Total of 6*2=12 beams(H6V2)
Rx: Total of 8 beams(H4V2)



[bookmark: _Ref463014302]Table 3: Link-level evaluation assumptions[7]
	Carrier Frequency
	4 GHz
	30 GHz

	Channel Model
	CDL-C ,AWGN
· with delay scaling values of 100 ns for 4 GHz, 30 ns for 30 GHz 

	FFT size
	128

	Subcarrier Spacing(s)
	30 kHz for 4 GHz
120 kHz for 30 GHz

	SNR 
	 -6dB
	 -18dB

	Search window
	70 OFDM symbols

	Antenna Configuration at the TRP
	(1,1,2) with omni-directional antenna element
	(4,8,2), with directional antenna element (HPBW=650, directivity 8dB)

	Antenna Configuration at the UE
	(1,1,2) with omni-directional antenna element
	(2,4,2), with directional antenna element (HPBW=900, directivity 5dB)

	Antenna port virtualization
	DFT-based the beamforming method, BS 14 beams cover 120 degrees, UE 16 beams cover 360 degrees

	UE speed
	3km/h

	Phase Rotation Model
	
	Follow the PN model of [8]

	Frequency Offset
	TRP: uniform distribution +/- 0.05 ppm
UE: uniform distribution +/- 5 ppm





	
image2.png
%]

CDF.

100

il

il

70

60

50

0

0

Eil

10

Uma 30GHz

—— SINR with beamforming
——— SINR without Beamforming

i
0

Eil

a0

60




image3.emf
UC UC DC UC DL data DC DC UC UL data DC

Slot

Discontinuous SS burst

…… ……

SS 

block


oleObject2.bin
UC


UC


DC


UC


DL data


DC


DC


UC


UL data


DC


Slot


Discontinuous SS burst


…… 


…… 


SS block



image4.emf
UC UC DC UC DL data DC DC UC UL data DC

Slot

Discontinuous SS burst

ACK/NACK

(delayed feedback)

UL Grant

(delayed uplink scheduling)

…… ……

UC DL data DC UC UL data DC

Slot

Continuous SS burst

…… ……

UC UC DC UC DL data DC DC UC UL data DC

Slot

ACK/NACK

(delayed feedback)

UL Grant

(delayed uplink scheduling)

…… ……

DL data DL data

SS 

block

SS 

block


oleObject3.bin
UC


UC


DC


UC


ACK/NACK
(delayed feedback)


DL data


DC


DC


UC


UL data


UL Grant
(delayed uplink scheduling)


DC


Slot


Discontinuous SS burst


…… 


…… 


UC


DL data


DC


UC


UL data


DC


Slot


Continuous SS burst


…… 


…… 


UC


DL data


UC


DC


DL data


UC


DL data


DC


DC


UC


UL data


DC


Slot


ACK/NACK
(delayed feedback)


UL Grant
(delayed uplink scheduling)


…… 


…… 


SS block


SS block



image5.png
CDF

LEIS

08H

07

06

05H

04

03

02

01t

4GHz, CDL-C, BB, Spprn

——— 30kHz NonCoherent detection(SSS)
——— 30kHz Coherent detection(SSS)

Eil 0 60 &0 100 120
Detection latency (nurmber of NR-SS periods)




image6.png
CDF

30GHz, COL-

-18dB, Sppm

01} — 120kHz NonCoherent detection(SSS) |
— 120kHz Coherent detection(S55)
) ; ; ; ; i i | j
1 10 20 30 40 50 B0 70 80

Detection latency (nurber of NR-SS periods)




image1.emf
Resources for PSS

Resources for SSS

Resources for PBCH

Resources not used by SS/PBCH

SS block（ TDM）

SS block（ FDM）

SS block（ hybrid）

(a) (b)


oleObject1.bin
Resources for PSS


Resources for SSS


Resources for PBCH


Resources not used by SS/PBCH


SS block（TDM）


SS block（FDM）


SS block（hybrid）


(a)


(b)



