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1 Introduction
In RAN1#87, the following agreements were reached regarding periodicity of SS burst set transmission [1]:
Agreements:
· From UE perspective, SS burst set transmission is periodic

· At least for initial cell selection, UE may assume a default periodicity of SS burst set transmission for a given carrier frequency

· Exact value of default periodicity of SS burst set transmission for a given carrier frequency needs to be studied

· FFS: UE in CONNECTED or IDLE mode may be provided with updated information regarding the SS burst set periodicity of serving cell and/or neighbor cells by the network

· FFS: Validity duration of information

· Note: Updated periodicity may be shorter or longer than default periodicity assumed by UE
· FFS: Note: This does not imply SS-burst set needs to be always on with the updated periodicity

· FFS: SS burst periodicity assumed by UE if information of neighbor cells is not available

· FFS: Consider idle mode operation performance
· Note: Companies can also consider to support functionality related to LTE DRS and LTE IDLE mode
· Companies are encouraged to investigate the tradeoff between network flexibility/power consumption and UE complexity/power consumption

In this contribution we further discuss periodicity of synchronization signals.
2 Periods of Synchronization Signal Block/Burst/Set
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Figure 1. Relationship between SS Block, Burst, and Burst Set
The current agreements of the synchronization signal periods supports a periodic transmission of synchronization signals. In such periodic transmission, the synchronization signals form a SS block, where multiple SS blocks are transmitted in series to form a SS burst. Multiple SS burst form a SS burst set, where the SS burst set repeats indefinitely. Figure 1 shows an illustrative relationship between SS block, burst, and burst set.
Initial access for NR should provide flexible support of antenna array and panel configurations as well as beamforming techniques. This may imply that the number of beams the NR cell wishes to cycle through may be dependent on deployment scenario and operators may wish to perform a trade-off between the number of network beams and synchronization signal overhead. At the same, time it is equally important to limit the blind detections or measurement complexity from supporting too widely varying configurations of the synchronization signal.
A good trade-off between network configuration flexibility and UE cell search complexity reduction is to fix the burst periodicity and the SS burst set duration in the specification. The network will have the flexibility to configure varying number of SS blocks within a SS burst. However, the network must configure the same number of SS block within a SS burst such that periodicity between any two SS blocks is always a fixed interval.
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Figure 2. Examples of possible configurations by the network
Figure 2 shows three examples of possibility configurations by the network. The number of SS blocks within a SS burst can be left to implementation. However, the number of SS blocks for each SS burst must be keep identical in all SS bursts. Furthermore, the time interval between any to SS blocks from adjacent SS bursts should be always be fixed. This structure allows UE to perform non-coherence combining of PSS, which typically is the complexity bottleneck of the system, while providing the flexibility of the network to choose how many beams to sweep within the SS burst set cycle. In order to put a upper limit of beam sweeping using SS blocks, the SS burst set duration should be fixed in the specification, such that the UE knows the same set of beams are in repetition.
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Figure 3. Example of possible configuration with time gaps within the SS burst
Furthermore, this structure also allows to place time gaps between consecutive SS blocks within SS burst. As long as there is a fixed interval between two SS blocks belong to adjacent SS bursts, the UE does not need to perform any additional blind detection. An example of this shown in Figure 3. This property is especially usefull when SS blocks need to transmitter over 0.5ms half subframe boundaries. It was agreed in RAN1 #86bis that the first OFDM symbol in 0.5ms has is longer by CP of 16 Ts (assuming 15 kHz and FFT size of 2048) compared to other OFDM symbols. This implies that two consecutive SS blocks can be spaced apart differently depending on the position of the SS blocks within the subframe time boundary. An example of this issue is shown in Figure 4
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Figure 4. SS burst placement across the 0.5ms half-subframe boundary.
Proposals:

· SS bursts consists of identical number of SS blocks with same relative transmission timing within the SS burst.

· SS burst set is repeated indefinitely
3 Single vs. Multiple Periodicity
Initial cell search is one of the most computationally complex procedures running at the UE side. This task becomes especially difficult when there is no any prior information about the network neighborhood around the UE, e.g., so-called ‘cold boot’. Therefore, in order to simplify the UE implementation, the number of hypotheses considered by the UE during initial cell search should be minimized as much as possible. However, the possibility to have multiple values for the default periodicity within a given carrier frequency further complicates the initial cell search for the UE. Moreover, the UE should maintain multiple buffers to store the detection metrics corresponding to each periodicity value. To reduce the complexity, multiple default periodicities within a given carrier frequency should be avoided.
It is expected that future UE devices will support inter-RAT mobility between NR and LTE. In order to leverage LTE measurement gaps, it is recommended to have the default periodicity of SS burst transmission in NR at least for below 6 GHz the same as in LTE, i.e., 5 ms. This design option does not introduce any additional latencies for the UEs operating in LTE networks during the inter-RAT measurements of NR cells.
Summarizing the discussion above, the following is proposed.
Proposals:

· In NR, a single value for the default periodicity of SS burst is used for a given carrier frequency.

· At least for below 6 GHz, the default periodicity of SS burst is 5 ms.

4 Summary

In this contribution, some aspects related to the periodicity of synchronization signals was clarified. The following proposals were made.
Proposals:

· SS bursts consists of identical number of SS blocks with same relative transmission timing within the SS burst.

· SS burst set is repeated indefinitely
· In NR, a single value for the default periodicity of SS burst is used for a given carrier frequency.

· At least for below 6 GHz, the default periodicity of SS burst is 5 ms.
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