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1. Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In the RAN1 #86bis meeting, it was agreed that ‘SS block’, ‘SS burst’ and ‘SS burst set’ should be introduced for PSS, SSS and/or PBCH transmission [1]. 
	Agreements:
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’
· [bookmark: OLE_LINK61][bookmark: OLE_LINK62]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’)
· [bookmark: OLE_LINK73][bookmark: OLE_LINK74]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_LINK1][bookmark: OLE_LINK2]It was also agreed that NR defines at least two types of synchronization signals, and fixed time/freq. resource position relationships among NR-PSS, NR-SSS and NR-PBCH has been assumed [1].
	Agreements:
· NR defines at least two types of synchronization signals
· NR-PSS at least for initial symbol boundary synchronization to the NR cell
· FFS other functionality provided by NR-PSS, e.g., part of NR cell ID, serving as DMRS for NR-SSS, detection of subcarrier spacing
· NR-SSS for detection of NR cell ID or at least part of NR cell ID
· Number of NR cell IDs is targeted to be at least 504
· FFS: larger than that in LTE
· FFS number of NR cell IDs
· NR-SSS detection is based on the fixed time/freq. relationship with NR-PSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead
· FFS FDM or TDM
· FFS other functionality provided by NR-SSS, e.g., demodulation of broadcast channel, RRM measurement, deriving subframe index, deriving symbol index
· NR defines at least one broadcast channel: NR-PBCH
· NR-PBCH decoding is based on the fixed relationship with NR-PSS and/or NR-SSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead



In our companion contribution [2], it is discussed that NR should strive for a flexible SS burst structure for adapting to various situations. In this contribution, we focus on the structure design of SS block. 
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, PSS and SSS are sent in different OFDM symbols which are shared by PBCH, or PSS and SSS are sent in same OFDM symbol and PBCH uses another OFDM symbol.
The coverage evaluation of NR initial access for UMa scenario with 30GHz is shown in Figure 2. Simulation assumptions can be found in the appendix. Preliminary results show that about -37dB SINR will be experienced by the 5% of cell edge UEs even with beamforming. This extremely low SINR means 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, 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. 
· For FDM based SS block structure, as multi-signals and/or channels share in same symbol(s). Hence, power boosting may not be used 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. 
[image: ]
Figure 2: CDF of wideband SINR with and without beamforming
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 coverage problem in power limited scenarios should be regarded as the main consideration. 
According to above analysis, it is suggested that NR should use TDM or hybrid SS block structure 
[bookmark: OLE_LINK98][bookmark: OLE_LINK99]Proposal 1: NR should use TDM or hybrid SS block structure
For reasons of UE complexity and implementation efficiency, we propose that RAN1 adopts the LTE PSS/SSS as baseline synchronization signal for the NR study.
Proposal 2: The baseline synchronization signal in the NR study is LTE PSS/SSS. 
3. Potential BRS 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 of options is to use the remaining frequency resources to transmit BRS. BRS can be used for RSRP measurement, fine time/frequency synchronization and beam identification or alignment. In [4], a multi-level RS framework is proposed, where BRS is a first-level RS. BRS transmission in ‘always on’ manner should be avoided for the reason of power saving, forward compatibility and interference mitigation. During initial access, BRS 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.
Proposal 3: ‘always on’ BRS in SS block should be avoided.
· during initial access, BRS can be triggered by preamble
[bookmark: OLE_LINK9]BRS will also need beam sweeping for the same reason as SS/PBCH. So it should be allowed to transmit BRS. it is noted that BRS may also be transmitted in other slot or subframe, it is believed that the same BRS design should be used no matter where it is transmitted. Additionally, if BRS is transmitted in ‘triggered’ manner, SS block should have a common structure no matter if BRS is transmitted in it. By considering requirement of resource efficiency, SS blocks should be as short as possible, so BRS and SS/PBCH should be multiplexed in FDM manner in the same OFDM symbols. 
Proposal 4: NR should support BRS in SS block
· BRS 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 BRS is transmitted in it
4. Different or Repeated PCI in SS Blocks
One way to implement a form of beam sweeping is to assign a cell, i.e. a physical cell identity (PCI), to each beam in each SS block, similar to sector cells in LTE and UMTS, as illustrated in Figure 3. 

[bookmark: _Ref462858336]Figure 3: Illustration of sweeping of N beams where each beam is a cell (i.e. has a PCI). In other words, as many cells as beams (N) are transmitted.
Another way to implement beam sweeping is to allow repetition of signals corresponding to the same cell, i.e. the same PCI, in different SS blocks, as in Figure 4.

[bookmark: _Ref462858352]Figure 4: Illustration of sweeping of N beams where a cell, i.e. a PCI, is repeated on multiple beams, in this case on all N beams.
These two approaches are in principle quite similar. However, considering that the framework should also include repetition for the single-beam case, it is natural to adopt repetition of the same PCI on multiple beams. The approach with repeated PCIs on different SS blocks/beams shows several advantages, compared to the approach with one PCI per beam:
· Fewer PCIs are needed, in particular in deployments with many beams. This simplifies PCI planning and can reduce the UE cell search effort.
· A UE that detects one SS block/beam of a cell can with little extra effort detect other beams of the same cell, since they use the same PCI and are transmitted with a certain time offset. Improved cell search performance by multi-SS block combining is discussed in section 3.
· A UE can readily softly combine PBCH (with SI) from different SS blocks, since they correspond to the same cell. It is not clear if a UE could combine PBCH from different cells.
· An IDLE UE moving between beams would not reselect cell, which means that SI reception and decoding could be omitted.
Proposal 5: The signals in different SS blocks in a SS burst, e.g. SS and PBCH, are associated with a single physical cell ID (PCI).
Proposal 6: Each NR standalone cell transmits a SS burst. 
Note that a SS burst can consist of a single SS block, i.e. just a single instance of SS etc. If a gNB transmits multiple standalone cells, each of these cells transmits its own SS burst. It is not precluded that SS bursts of different cells are synchronously transmitted, on top of each other, after each other or interleaved in some way.
To which extent non-standalone cells need to transmit SS burst should be further studied. Note that the proposal above does not preclude that a gNB transmits different cells on different beams. 
5. Timing Information
The first SS block in a SS burst may serve as a time reference. For example, it may have a fixed time relation to a frame or a subframe boundary. However, a UE that detects a synchronization signal does not necessarily know which SS block the synchronization signal was part of. Therefore, it may be suitable to indicate the SS block index (SBI) in the SS block itself, so that the timing of the first SS block in the SS burst can be detected by the UE.
[bookmark: OLE_LINK11][bookmark: OLE_LINK14]Proposal 7: The SS block index should be indicated for UE to acquire DL timing. 
6. Conclusions
The following was proposed above:
Proposal 1: NR should use TDM or hybrid SS block structure
Proposal 2: The baseline synchronization signal in the NR study is LTE PSS/SSS. 
Proposal 3: ‘always on’ BRS in SS block should be avoided.
· during initial access, BRS can be triggered by preamble
Proposal 4: NR should support BRS in SS block
· BRS 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 BRS is transmitted in it
Proposal 5: The signals in different SS blocks in a SS burst, e.g. SS and PBCH, are associated with a single physical cell ID (PCI).
Proposal 6: Each NR standalone cell transmits a SS burst. 
Proposal 7: The SS block index should be indicated for UE to acquire DL timing. 
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Appendix
[bookmark: OLE_LINK94][bookmark: OLE_LINK95]Simulation assumptions
	Parameter
	Uma

	Layout
	Single layer
Macro layer: Hex Grid

	ISD
	500m

	Carrier Frequency
	30GHz

	System Band
	40 MHz(60 kHz/RE)

	Channel model
	5GCM UMa[3]

	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,= 90 degree, 
ΩUT, = 0 degree

	UE antenna pattern
	






	BS antenna height
	25m

	UE antenna height
	1.5m

	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 

	Analog codebook
	DFT-based, no oversampling. Direction of beams [-60, 60] degrees in azimuth domain and [90, 160] degrees in zenith domain.
Tx:Total of 32 beams(H8V4)
Rx: Total of 8 beams(H4V2)
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