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1. Introduction
Initial-access signals design is one of the key topics of 5G NR. Some agreements were achieved in 3GPP RAN1 #85 as below:
Agreements:
· RAN1 studies both multi-beam based approaches and single-beam based approaches for these channels/signals/measurement/feedback
· Initial-access signals (synchronization signals and random access channels)
· System-information delivery 
· RRM measurement/feedback
· L1 control channel
· Others are FFS
In this contribution, we give some multi-antenna related considerations on transmission of initial-access signals.
2. Transmission schemes
Initial-access signals include synchronization signals, broadcast signals, random access signals and random access response signals. To mitigate the influence of high path loss in high frequency band, the gain of antenna array should be fully explored. Both multi-beam based approaches and single-beam based approaches are discussed below.
2.1 Synchronization signals
In the following discussion, synchronization signal also includes beam training signals. 
Multi-beam based approaches
Beam sweeping is a practical solution. It can be realized by using the beams with same beam width to cover the whole cell as shown in figure1.a or by using random beams to cover the whole cell using compressive sensing beams as shown in figure1b. The second way can use less beams compared to the first way, because the random beams can fully explore the spatial sparsity of the channel. On the other hand, compressive sensing based way is more complex than the first one.
Multiple time instances are needed for multiple transmission beams, which means better coverage is achieved at the expense of overhead increase. 
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(a)                                    (b)
Figure 1 Beam patterns
Single-beam based approaches
Single beam based approaches can achieve better coverage by using power boosting, or SFN, or repetition, or combination of those methods. Power boosting can also be used in the above approaches, and it highly depends on the realization, which may have no need to standardize. The coverage of SFN may not be enough, and SFN scheme should be designed together with synchronization signals, so repetition is needed.
From the perspective of overhead, multiple time instances of multi-beam based approaches and repetition of single-beam based approaches are the same. But UE behavior would be different.

Proposal 1: For the synchronization signals:
· Synchronisation signal design is highly related to the whole transmission schemes of initial access procedure. They should be designed together.
2.2 Broadcast signals
Broadcast signal is designed in such a way that UE makes full use of the beamforming information gained in the synchronization procedure. For the beam sweeping approach, broadcast signal might lie on the same beam as the beam of synchronization signal. For the compressive sensing approach, the beam UE sensed would imply the resources for the reception of broadcast information. 
Transmission diversity can also be used, such as SFBC between two polarizations as shown in figure 2.



Figure 2 Beam patterns


Proposal 2: For the broadcast signals:
· Recetion of broadcast signals should make full use of beam information gained in the reception of synchronization signals.

3. Possible schemes
This section gives two possible multi-antenna related design of synchronization signals, broadcast signals and random access signals .
3.1. Alternatives 1
This alternative is based on multiple beam approach. LTE resource structure is used for ease of illustration.
Synchronization signals includes PSS and SSS signals, they are FDMed in the frequency, occupying one sub-frame, with different transmit beam between different symbols to cover the different area of the cell. PSS carries part of information of the cell id as in LTE, and it could also indicate the beam id, by using different sequences. SSS and PSS together indicate the cell id.
Broadcast signal is transmitted using PBCH, also FDMed with synchronization signals. The transmission beam of the PBCH is the same as synchronization signal. PBCH carries bandwidth, supported numerologies, and random access resource for multiple numerologies. Some BRS (Beam reference signal) are sparsely mapped in the system bandwidth of the same frame, which are used for regular measurement and possibly used for channel estimation of PBCH channel.
Random access resource can be divided to multiple sets according to the supported numerologies and beams. UE can inform the BS its supported numerology and favourite beam from BS by choosing a sequence from prdefined sets and transmiting on resources indicated in the broadcast information.
Considering the complexity of BS, the resource of different numerology should be TDMed or FDMed.


Multi-beam based and single-beam based approaches can be transparent to the standardization, in this alternative, multiple beams can also be seen as multiple repetition of single beam.
3.2. Alternatives 2
This approach uses compressive sensing theories to design synchronization signals. As shown below synchronization signals is composed by two parts: SFN part and Training part.


SFN part occupies one time unit and training part occupies M time units.
In SFN part, all the base stations transmit the same sequence, using omni-directional beam or a beam which can cover the whole cell. By detect the SFN sequence, UE can get the frame timing.
In the training part, RS1 to RS M transmit the same sequence but using different beams, which are referred as spatial measurement beams and obeys RIP constraint. As shown in [2], UE can estimate the gain of all the beam pairs between base station and UE with a small M (far less than all possible beam pairs), and chooses proper beam pairs for transmission. This is quite useful for the scenario that base station and UE both have a number of beams, because beam training can be done by listening to common signals with very few overhead consumption.
By using different sequences in the training part, UE can also detect the cell id. 
Because of the antenna number of the base station is not always the same, leading to different supported beam number between different base stations. So the need of training slot varies with deployment scenarios, which is not beneficial to the unified design of NR. The SFN sequence may be used to indicate the value of M.
PBCH design should use the information provided in the compressive synchronization and training signal. One possible way would be steering PBCH in the direction of detected beams (through resource indication of beam ID) for each polarization, while SFBC is used for spatial diversity between the two polarization.   

Proposal 3: Alternatives are provided for initial access. Different alternatives should be carefully evaluated in overhead, delay, complexity, unification for different scenarios etc.


4. Conclusions
From the perspective of design principles, we give our observation:
Also we give two alternatives, 
Proposal 1: For the synchronization signals:
· Synchronisation signal design is highly related to the whole transmission chemes of initial access procedure. They should be designed together.

Proposal 2: For the broadcast signals:
· Recetion of broadcast signals should make full use of beam information gained in the reception of synchronization signals.
· 
Proposal 3: Alternatives are provided for initial access. Different alternatives should be carefully evaluated in overhead, delay, complexity, unification for different scenarios etc.


5. References
[1]  Draft_Minutes_report_RAN1#85_v010
[2] Bo Gao, Multi-Device Multi-Path  Beamforming  Training  for 60-GHz Millimeter-Wave  Communications
[3]  R1-166586, Considerations on Initial Access Design, Beijing Xinwei Telecom Techn.


image2.emf
  0.5

  1

  1.5

  2

30

210

60

240

90

270

120

300

150

330

180 0


image3.emf
...

...

Polarization

1

Polarization

2

...

...

1

a

2

a

*

2

a

*

1

a



f

SFBC set


oleObject1.bin
�

�

...


...


Polarization
1


Polarization
2


...


...


f


SFBC set



image4.emf
PSS

SSS

PBCH

s0s1 s13

...

DC

BRS


oleObject2.bin
�

�

PSS


SSS


PBCH


s0


s1


s13


...


DC


BRS



image5.emf
RS0

SFN

Training

RS1 RS2 ... RS M

synchronization signal


oleObject3.bin
�

�

RS0


SFN


Training


RS1


RS2


...


RS M


synchronization signal



image1.emf
  1

  2

  3

  4

30

210

60

240

90

270

120

300

150

330

180 0


