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1 Introduction
In RAN1#87 meeting, synchronization signals considering beamforming aspects were discussed [1], and agreements were achieved as:
Agreements:
· At least for multi-beams case, at least the time index of SS-block is indicated to the UE
· FFS: single-beam case
· FFS: whether SS-block is transmitted by single-beam or multi-beams
And in RAN1 Ad-Hoc meeting, synchronization signal structure and time index of SS block were discussed [2], and agreements were achieved as:
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Agreements:
· NR defines at least one basic sequence length for each synchronization signal in case of sequence-based synchronization signal design
· Down-select from following candidates based on at least subcarrier spacing and bandwidth consideration for synchronization signals
· Alt.1: sequence length is about 255
· Alt.2: sequence length is about 127
· Alt.3: sequence length is about 63
· Note even number is not precluded
· Note that this is total length of basic sequence that may be constructed by concatenation of multiple sequences like LTE-SSS
· Striving for the design where NR-SS for different usage scenario (e.g., different frequency range) can be generated by using basic sequence length (e.g., applying different subcarrier spacing value)
· FFS: repetition/concatenation of same or different sequence with the same basic sequence length in frequency domain, repetition/concatenation of same or different sequence with the same basic sequence length in different OFDM symbols, single basic sequence mapped to multiple OFDM symbols, mapping the basic sequence to every N subcarriers, defining additional longer sequence than basic sequence
· FFS on message-based synchronization signal design
Agreements:
· The time index/indices of an SS block from which UE will derive symbol, slot index in a radio frame is/are to be down-selected from the following alternatives:
· Alt.1: One time index for every SS-block within an SS-burst set 
· Alt.2: One time index that is specific to each SS-block within an SS-burst, and an SS burst index that is specific to each SS burst within an SS-burst set. SS burst index is common across SS blocks in each SS-burst.
· Possible mechanisms to indicate the SS block index includes
· Implicit indication by PBCH
· Explicit indication by PBCH
· Indication by an additional SS, if such an additional SS is introduced
· Indication by NR-SS
· Note that this does not preclude other mechanisms
· By default, the UE may neither assume the gNB transmits the same number of physical beam(s), nor the same physical beam(s) across different SS-blocks within an SS burst set.
In this contribution, we provided our views of the design for synchronization signals.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
In the new RAT discussion, there are different usage scenarios defined for different service requirements. And for the different frequency ranges, some aspects should be considered for the initial access framework. In low frequency band, single beam may be enough for the wide coverage. While considering the high frequency band, high directional beamforming should be used to compensate the large path loss. But for the side-effect of the narrow beam, multiple beams are required for enough coverage. In addition, the number of multiple beams should be flexible for different scenarios/frequency ranges, e.g. for different scenarios, the beam width can be different, leading to different number of beams, as shown in Figure 1.


[bookmark: OLE_LINK1][bookmark: OLE_LINK4]Figure 1. Flexible beam number for different scenarios
The flexible number of beams can give benefit to different frequency ranges, different antenna patterns, different service requirements, different user equipment distributions, and etc. In addition, some of the beams can be dynamically activated/ deactivated for flexible network configurations, e.g. the beam directed for the region without UE located can be deactivated, so we propose that:
Proposal 1: The number of beams for initial access should be flexible and dynamically activated/ deactivated.
On the other hand, less information should be known to UE in advance as the initial access is the first step for UE to access the network and before initial access, there is no channel to transmit the information to UE, so the FFS part in the agreement should not be supported, i.e. UE is not allowed or informed to adapt acquisition procedure, and also considering the less complexity, it should be designed as a common framework to cover the different scenarios. So the flexible number of beams should be designed transparently to UE.
“SS block” is agreed for SS transmission, and NR-PSS is at least for initial symbol boundary synchronization to the NR cell. Considering the transparent flexible number of beamformed SS signals, same sequence can be transmitted in different symbols. With this scheme, UE can calculate the peak position with a single local sequence and no need to know the beam number, so we propose that:
Proposal 2: Repetition of same sequence with the same basic sequence length in different OFDM symbols should be supported.
While as the side-effect of the less complexity detection scheme, UE is agnostic of the symbol index after the initial detection, especially for the flexible number of beams. Example is shown in Figure 2.


Figure 2. Agnostic symbol index with the same sequence for different beams
Considering this issue, it was agreed in RAN1#87 that at least for multi-beams case, at least the time index of SS-block is indicated to the UE. Normally, the indication can be divided into two types, i.e. explicit and implicit. For the explicit indication, the signaling should be designed and transmitted in physical channel, e.g. transmitted in PBCH, this method is straightforward and simple to design. But considering the flexible and dynamically activated/deactivated beam configuration, it will cause some misunderstanding between network and UE, especially during the beam reconfiguration. In addition, the bit field for time index should be designed with the assumption of maximum beam number, which will lead to unnecessary signaling overhead for the case with less number of beams.
While for implicit indication, the time index can be obtained implicitly from some relationship between signals under a common framework for flexible number of beams. For example with the beam specific time relationship, UE can obtain the time index information with coarse synchronization simultaneously without additional signaling overhead for indication.
Considering the benefits of the transparent scheme and simplified detection, the time index can be implicitly indicated, e.g. in one “SS block”, the relationship of the signals from the same beam direction can be specific, e.g. the time relationship between the multiple NR-PSS or the NR-PSS and NR-SSS signals from same beam direction. One simple example is that in one “SS block”, the transmission of signals from same beam direction are symmetric with a fixed position, as shown in Figure 3. With the two central symmetric transmission pattern, UE can obtain the fixed symbol index and synchronization position without information of the flexible beam number.


Figure 3. Example for transparent beamformed synchronization signals
So we propose that:
Proposal 3: The time index of SS-block should be indicated to UE implicitly, and the specific time relationship of NR-SS for implicit indication should be considered.
3 Conclusion
In this contribution, we provided our proposals for the common framework of beamformed synchronization signals. And we propose that:
Proposal 1: The number of beams for initial access should be flexible and dynamically activated/ deactivated.
Proposal 2: Repetition of same sequence with the same basic sequence length in different OFDM symbols should be supported.
Proposal 3: The time index of SS-block should be indicated to UE implicitly, and the specific time relationship of NR-SS for implicit indication should be considered.
4 [bookmark: _Ref344215723]References
[1] Chairman’s notes, 3GPP TSG RAN1#87, Reno, USA, 14th - 18th November, 2016
[2] Chairman’s notes, 3GPP TSG RAN1 NR Ad-Hoc, Spokane, USA, 16th - 20th January, 2017
1

oleObject1.bin
�

Single beam



image2.emf
... ...

B1  SS B2  SS

Time n

B3  SS B4  SS B5  SS

Time n+1

Time n+2

Time n+3

Time n+4

... ...

B1  SS

Time n

B2  SS B3  SS

Time n+1

Time n+2

B

1

B

2

B3

B

4

B

5

B

1

B

2

B

3

...

B1  SS B2  SS

Time n

B3  SS B4  SS B5  SS

Time n+1

Time n+2

Time n+3

Time n+4

...

B1  SS

Time n

B2  SS B3  SS

Time n+1

Time n+2


oleObject2.bin
�

�

...


...


B1 SS


B2 SS


Time n


B3 SS


B4 SS


B5 SS


Time n+1


Time n+2


Time n+3


Time n+4


...


...


B1 SS


Time n


B2 SS


B3 SS


Time n+1


Time n+2


         B1


         B2



image3.emf
Fixed time

B1  SS B2  SS

...

...

B3  SS B4  SS B5  SS B1  SS B2  SS B3  SS B4  SS B5  SS

One SS block


oleObject3.bin
�

�

Fixed time


B1 SS


B2 SS


...


...


B3 SS


B4 SS


B5 SS


One SS block


B1 SS


B2 SS


B3 SS


B4 SS


B5 SS



image1.emf
Single beam

B

1

B

2

B3

B

4

B

5

B

1

B2

B

3

B

1

B

2

B3

B

4

B

5

deactivated


