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1. [bookmark: OLE_LINK57][bookmark: OLE_LINK58]Introduction
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 [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
· [bookmark: OLE_LINK12][bookmark: OLE_LINK13]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.


In the RAN1 #87 meeting, it was further agreed that SS burst set transmission is periodic from UE perspective at least for initial cell selection [2]: 
	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


In this contribution, we focus on the periodicity of NR SS. And as a related issue, the structure of SS burst set has been discussed firstly. 
2. [bookmark: OLE_LINK71][bookmark: OLE_LINK72]Structure of SS burst Set
As agreed in the former meetings, the structure of ‘SS block’, ‘SS burst’ and ‘SS burst set’ should be introduced for DL initial signal transmission. They are further summarized as follows: 
· SS block: SS block is defined as a time unit which carries PSS, SSS and/or PBCH corresponding to one or a set of beam(s). As discussed in our companion contribucation[3][4], multiplexing other signals(such as, beam-related RS, paging, data transmission) are not precluded within a SS block. 
· SS burst: SS burst is composed of one or more consecutive resources for potential SS block(s) transmission.
· SS burst set: SS burst set with a fixed periodicity is composed of one or more SS burst. There is one beam duty cycle in one SS burst set
Base on the understanding of current agreements, two options for structure of SS burst set can be further considered: 
1. [bookmark: OLE_LINK20][bookmark: OLE_LINK21]Option1: a relative fixed SS burst set configuration with the following features, 
· the potential SS burst location is fixed (e.g. per 5ms)
· the maximal SS burst duration is fixed
· the real number of SS bursts and the real number of SS blocks in one SS burst are configurable, and depending on the number of analog beams and the number of repetition of each beam direction
· [bookmark: OLE_LINK16][bookmark: OLE_LINK19]the real number of SS blocks in different SS burst can be different


Figure 1: SS burst set structure for option 1
As shown in figure 1, potential SS bursts with a certain period are located at some predefined locations. Accordingly, the number of potential SS bursts in one SS burst set is fixed. With fixed maximal duration of potential SS burst, fixed number of potential SS blocks can be found in each potential SS burst. Naturally, there are fixed number of potential SS blocks in one SS burst set. The SS blocks really transmitted by gNB are a subset of potential SS blocks.
The potential SS blocks are indexed according to such fixed number of potential SS blocks regardless of whether SS blocks are really transmitted. As discussed in our companion contribucation[3], SS burst with discontinuous structure shown in bottom part of figure 1 could be introduced for reducing the influence of the flexibility of data transmission before or after the SS burst. In case that some resource for potential SS blocks occupied by other transmission e.g. downlink control or uplink control, the index of such SS blocks will be reserved correspondingly. 
Pros: 
· Unified structure: all the locations of potential SS blocks are predefined. 
· Less signalling overhead for timing information: each potential SS block has an index. Then UE has timing information when it knows SS block index. 
· Flexibility: some flexibility shown by configurable real transmission of SS block.
· Easy to implement SFN transmission from multi-TRPs and potential combination detection across SS burst sets.
Cons: the maximal number of beams supported in one SS burst set is fixed, which is not very flexible
2. Option 2: comparing with relative fixed configuration of option 1, some restrictions can be relaxed. A more flexible SS burst configuration in SS burst set can be got in the following options, e.g.
· [bookmark: OLE_LINK28]Option 2-1: the potential SS burst location is not fixed, and the maximal number of SS burst is not fixed
· Option 2-2: the maximal SS burst duration is not fixed


Figure 2: SS burst set structure for option 2-1


Figure 3: SS burst set structure for option 2-2
For option 2-1 shown in figure 2, the potential SS burst location is not fixed. There are flexible intervals between neighbouring SS bursts. Accordingly, the number of potential SS bursts is not fixed. 
For option 2-2 shown in figure 3, the real number of SS blocks in one SS burst will be not be restricted, which means the number will be entire flexible. 
The index of SS block can’t correspond to an exclusive resource since the number of maximal SS blocks in one SS burst set is not fixed for both option 2-1 and option 2-2. SS burst with discontinuous structure could also be introduced for reducing the influence of the flexibility of data transmission before or after the SS burst.
Pros: 
· Flexible maximal number of beams supported in one SS burst set
· Less data transmission blockage by using flexible SS burst location
Cons: 
· Higher signalling overhead for timing information
· Higher detection complexity since there is less priori information on SS burst set structure
· Difficult to implement SFN transmission from multi-TRPs and potential combination detection across SS burst sets
· Backhaul overhead and complexity
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]From the above analysis, some flexibility can be shown in option 2 at the sacrifice of larger signalling overhead, higher detection complexity and potential worse detection performance. And it will take more backhaul overhead and complexity due to obtain unfixed structure of neighboring cell when neighboring cell measurement/synchronization is needed. Furthermore, such flexibility advantage will be weakened by selecting different fixed periodicity and structures of SS burst set for different frequency bands. So option 1 seems to be a reasonable option, which means the periodicity and structure of SS burst set should be predefined for a given band, 
[bookmark: OLE_LINK31][bookmark: OLE_LINK51][bookmark: OLE_LINK7]Proposal 1: For a given frequency band, periodicity and structure of SS burst set is predefined as follows:
· the potential SS burst location is fixed (e.g. per 5ms)
· the maximal SS burst duration is fixed
· the real number of SS bursts and the real number of SS blocks in one SS burst are configurable, and depending on the number of analog beams and the number of repetition of each beam direction
· the real number of SS blocks in different SS burst can be different
· [bookmark: OLE_LINK8][bookmark: OLE_LINK9]the SS blocks really transmitted by gNB are a subset of potential SS blocks
3. [bookmark: OLE_LINK50]Periodicity of NR SS
NR defines at least two types of synchronization signals, NR_PSS and NR_SSS. There is no obvious reason for configuring different periodicity for NR_PSS and NR_SSS. So NR should still support uniform periodicity for NR SS just as LTE. Some factors need to be considered for determining SS period. Such as: resource overhead of SS burst set, cell searching time, etc. 
[bookmark: OLE_LINK65][bookmark: OLE_LINK66]With the introduction of beam sweeping for power limited scenarios, the resource overhead of sync signal transmission will increase, in general. Let’s take the resource overhead of LTE SS as a comparison. However, subcarrier spacing of SS in high frequency band NR will become larger (like 120kHz, 240kHz), the duration of symbols will get shorter accordingly. Two 15 kHz symbols of LTE SS will contain sixteen (or thirty-two) 120kHz (or 240kHz) symbols. But the number of symbols for beam sweeping may be much higher than that [5]. It means that the resource overhead of an SS burst will much bigger than that in LTE if we keep 5ms period. From this point of view, SS period should be larger than 5ms. Meanwhile, the amount of always-on signals becomes less by expanding the SS period. It is also conducive to the forward compatibility. 
On the other hand, larger period means longer searching time. However, it has been discussed in RAN1 to allow sparser SS raster than channel raster, which will effectively reduce cell searching time. Other than cell searching performance, increasing of processing complexity and memory requirements for UE should also be considered carefully for expanding the SS period. 
Cell searching performance is directly affected by condition of SNR, which associated with different path loss for different frequency band. In order to guarantee a certain performance of cell searching time, periodicity of NR SS may be expanded for the deployment of lower carrier frequency with lower path loss. 
Considering the above factors, the periodicity of NR SS can be expanded to a certain degree compared to LTE 5ms SS (e.g. 10ms, 20ms). The specific value should be further study by considering different situations for different frequency band. 
Proposal 2: Periodicity of NR SS can be expanded to a certain degree comparing with LTE SS (e.g. 10ms, 20ms). The specific value should be further selected by considering different situations for different frequency bands.

4. Conclusions
The following proposals and observation were discussed above:
Proposal 1: For a given frequency band, periodicity and structure of SS burst set is predefined as follows:
· the potential SS burst location is fixed (e.g. per 5ms)
· the maximal SS burst duration is fixed
· the real number of SS bursts and the real number of SS blocks in one SS burst are configurable, and depending on the number of analog beams and the number of repetition of each beam direction
· the real number of SS blocks in different SS burst can be different
· the SS blocks really transmitted by gNB are a subset of potential SS blocks
Proposal 2: Periodicity of NR SS can be expanded to a certain degree comparing with LTE SS (e.g. 10ms, 20ms). The specific value should be further selected by considering different situations for different frequency bands.
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