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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].
In this contribution we discuss abouth the NR synchronisation signal desing from the perspective of time domain periodicity. On this topic, the following agreements were reached in RAN1#86bis:
	Working assumptions:
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’
· 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’)
· 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_LINK13][bookmark: OLE_LINK14]2	Discussion
2.1	Background
NR system is expected to operate using single-beam and multi-beam operation, in scenarios below and above 6 GHz, in licenced and (forward compatible) un-licenced mode. Now when considering possible beam forming architectures, it can be envisioned that cell may have one or multiple TRPs and each TRP may be having one or multiple TXRUs. E.g. with hybrid beamforming system this means that cell may form multiple analog beams at a time. In single-beam approach the cell would transmit synch signals via sector wide beams e.g. once in the given periodicity. Furthermore, it is considered that especially in single-beam mode coverage enhancement should be supported meaning that the synchronisation signals should be able to be transmitted in repetition manner. In multi-beam operation the cell (may consists of multiple TRPs) transmits synch signals in beam sweeping manner. In some multi-beam architecture, the ‘SS-block’ (e.g. NR-SS and NR-PBCH) could be transmited individually to each beam or could be transmitted in SFN manner, i.e. the same signal transmitted in superposition manner from parallel beams in the cell. The preferred/feasible beam forming configuration will of course depend on the deployed frequency band. Hence the required time domain structure of SS signal needs support different scenarios.
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(a) Multibeam without SFN operation
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(b) Multibeam operation with SFN operation over sub-set of beams, with and without repetition
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(c) Multibeam operation with SFN and with and and without repetition

Figure 1. Illustration of possible different ‘beam’ operation modes. 


The time duration of the SS-block will have a direct impact to the overall duration and/or overhead of the beam sweep procedure. The structure of the SS-block is discussed in [4] and wont be covered in this contribution.
2.2	SS transmission occassions
The system frame structure configuration where certain time occasions are reserved to transmit SS-block(s) together with the number of SS-blocks that can be transmitted during one SS-occasion (e.g. one sub-frame), will determine the total time required to transmit SS-blocks for all intended beams. Hence, like noted in above section, in addition to the total size of single SS-block (in terms of symbols), the periodicity and size of the SS transmission occassions would need to be know to assest the periodicity of SS-burst set. 
The (minimum) peridiocity and the size of the SS-occassions could be fixed or depenent on the used sub-carrier spacing (e.g. default) and the desired (maximum) overhead. It has been agreed in RAN1#86bis that sub-frame is defined as 1ms time reference. Furhtermore the slot definition has been discussed, being either 7 symbols and/or 14 symbols, depending on the assumed sub-carrier spacing. Hence when considering the periodicity and duration of SS transmission occassions it could be for example assumed that occasion occurs every 10ms and lasts for 1ms resulting varying size for the SS transmission occasion based on the used numerology. Other alternative is that SS transmission occasion is set to appear every M*slots, where the slot duration would be based on the default numerology, and each occassion would last N*slots. As it could be anticipated that the size of antenna arrays (in term of beams) would increase at higher frequency bands together with increase in sub-carrier spacing, basing the SS transmission occasion definition to slots would seem preferable. The data scheduling is using at least slot (one or multiple) as reference unit, and therefore slot would seem to be appropriate minimum unit for SS transmission occassion.
Proposal 1: Define SS transmission occasions (size and perdiocity) to indicate the possible occasions where SS-blocks can be transmitted
Proposal 2: Determine the SS transmission occasion duration and periodicity as a function of NR slots. 


2.3	SS-burst definition
In the RAN1#86bis it was agreed that SS-burst would consist of single or multiple SS-blocks. Furhter details were left open. In this section we aim to give our view to some of the open items. 
In terms of further defining the SS-burst it would be most straight forward to agree that SS-burst matches SS-blocks transmitted during one SS transmission occasion. 
Proposal 3: SS-burst covers SS-block(s) transmitted during one SS transmission occassion 
It was discussed in last meeting whether the SS-blocks are contiguous or can be non-contiguous with in a SS-burst. Following from the above proposals and if they are adopted, with minimum SS-burst duration of one slot, it is not clear what would be the benefit of spreading the SS-blocks in the SS-burst. It would seem to be preferable to try to minimize the overhead and transmit all the needed SS-blocks in a consegutive manner. 
Obervation 1: It would seem preferable from system overhead perspective to assume that SS-blocks are transmitted in consegutive manner.
As noted above and in [3], it could be seen that in some scenarios it might be beneficial to be able to repeat the SS-block, thus it should be possible to transmit SS-block from same beam multiple times within one SS-burst. It also could be considered that in certain deployment sceanarios, it might be desirable to be able to apply different number of SS-block repeptitions to different beams. 
Proposal 4: Varying number of SS-block repetitions should be enabled within a SS-burst. 

2.4	SS-burst set definition
Following the above discussion, SS-burst set could be seen to be the time duration within SS-blocks of all the intended beams are transmitted. E.g. the full beam sweep would happen within the SS-burst set. Hence the SS burst set duration would in minimum cover the duration needed to transmit all SS-blocks to be sweeped and the sweep could be repeated in next SS burst set. Now as discussed the size of the SS transmission occasion in terms of SS-blocks defines the number of SS-burst needed to cover all the intended SS-blocks, hence SS burst set duration could be determined by the SS transmission occasion perdiodicity. 
In certain carriers, it might be preferable to reduce system overhead and power consumption due to frequent SS transmissions. Hence it should be possible to leave some SS transmission occasions unused e.g. not transmit any SS-blocks in them. To achieve this it should be possible to define the duration of the SS-burst set to be longer than the minimum number of SS tranmssion occasions required to cover all SS-blocks. This has naturally some implications from cell detection and mobility perspective, but this might be acceptable in certain cases.
Proposal 5: SS burst set duration is independent of the number of needed SS-bursts
Similar to discussion with SS-blocks, distribution of SS-burst within SS-burst set, that is longer that the minimum needed, could be contiguous or non-contiguous. Setting SS-burst to occur less frequently than the minimum period (defined by the SS transmission occasions period) would allow to distribute the resource loading more evenly over the time, but would mean from UE perspective that the time required to measure all SS-blocks would be extended e.g.inter-frequency measurements.
Observation 2: It would be preferable that the SS-bursts would be transmitted in contiguous manner in the SS burst set.
Furthermore as the number of SS-blocks requiged to cover all the beams depends on the assumed beam array configuration that is deployement dependant, all SS-bursts within a SS-burst set might not be equal size. E.g. assuming SS-occasion duration equal to one slot with e.g. 7 symbols, and system needing 11 different SS-blocks would need two SS-burst to cover all SS-blocks.
Observation 3: SS-burst within the SS-burst set may have varying size e.g. different number of SS-blocks.
2.5	NR synchronisation signal configuration 
Based on the earlier discussion it is clear that the requirements for NR synchronisation signal configurability differ significantly from those that exist for example for LTE. In figure 2 we have illustrate an examplanry SS-burst and SS-burst set configuration. In the figure, it is assumed that each SS transmission occasion can encompass two SS-blocks and that these occasions are repeated after a certain period, namely SS transmission occasion peridiocity. In the given deployment the cell has a beam forming configuration (consisting of TRPs with TXRU’s) that leads to a requirement to be able to sweep over 5 individual beams e.g. transmit 5 SS-blocks. As each SS transmission occassin can fit only 2 SS-blocks (to keep the figure simple), three SS bursts are need to cover a full sweep. Two of the SS transmission occasions are occupied fully by two SS-blocks, but in the last only one SS-block is transmitted. Following the number of SS burst required, the SS burst set could be set to be three SS transmission occasions period long. However as there is a desire to reduce the system overhead of the SS-block transmission, the SS burst set is set to be six SS transmission occasions long. 
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Figure 2. Illustration of SS-burst and SS-burst set configuration
In order for the UE to be able to efficiently measure (and detect) this kind of configurable synchornisation signal configuration, UE would need to know different parameters or be able to assume certain network behaviour. As noted in Section 2.1, UE would need to have some assumption of the possible periodicity of the SS transmission occasions, and preferably also the possible SS transmission occasion size e.g. SS-burst structure. These could be frequency band/numerology dependent. Naturally UE would also need to know the SS-block structure.  
Observation 4: UE would need to be made aware of the SS-block structure, minimum SS-burst periodicity and size (in terms of SS-blocks) for a given numerology and/or frequency band.
It is given that to faciliatate the UE measurements, UE should know also the SS burst set periodiocity, but also the number of SS bursts in a SS burst set could be informed to the UE. If it is agreed that the SS-burts are located in a continuous maner, for example from the beginining of SS burst set (in case all SS transmission occasions fitting in the SS burst set are not used), the UE measurements could be better focused. This could also benefit the inter-frequency measurments 
Observation 5: Number of SS-burst in a SS-burst set is indidated to the UE, together with the SS burst set periodicity. 

2.6	Implications of SS-burst set to intial cell search 
When considering the intial access and specifically intial blind search, when no assistance information is available in the UE, UE needs some assumptions of the peridodicty of synchronisation signal to faciliate the cell search. Thus in order to detect the cell (or deem the cell nonexistent), UE would need spend enough time to have received sufficient number of synchronisation signal occurences. Thus to the limit the time UE needs to spend on a single carrier in attempt to find a cell, it would be preferable if the period of the SS-burst set should be short. However, like discussed in previous sections, in order to support large amount of SS-blocks/beams (e.g. in hybrid beam forming) and to keep the system overhead reasonable, it might not be feasible to keep the SS-burst set periodicity always short. Hence it can be seen that from whole system perspective it might not be desirable mandate network always to transmit synchronisation signal with very short periodicity, nor it would be desirable to enforce too extensive search periods for UE intial blind search. Now, in deployment where multiple carriers (or RATs) exist it would seem possible to ensure that at least on some of the carriers the network would be configured with sufficiently high synchronisation signal periodicity to facilitate the initial blind cell search and also other measurements. With this approach, UE assumed search time (on a given carrier) could be limited. On carriers where lower synchronisation signal periodicity (than the minimum assumed by UE) is used, naturally the initial blind cell detection probability would be reduced as UE’s might not monitor for a sufficient time to detect any cells. However, this would only hinder the intial blind access to those cells and the initial (blind) access could happen through other carriers.
Proposal 6: UE can assume a certain (frequency band dependent) SS-burst set periodicity from initial blind cell detection perspective.
Once UE has obtained access to the network, it can be provided with information regarding the configuration on different carriers, including configurations related to the SS-burst and burst set, to facilitate the additional cell searches and measurements. What excact information would need to be provided to the UE, what other assumptions could be taken and how this should for example be reflected in the definition of inter-frequency measurements procedures and finally in the UE requirements, should be further studied.
Observation 6: With apriori information the drawbacks of the reduced synchronisation signal peridiocity can be alleviated
Proposal 7: Furhter study how flexiple SS-burst set configuration should be accounted in serving and neighbouring cell measurements and mobility related procedures


3	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution we have discussed the NR-SS periodicity based on the agreements made in the RAN1#86bis. As NR supports different numerologies and different numerologies preferred on different carriers it is proposed:
Proposal 1: Define SS transmission occasions (size and perdiocity) to indicate the possible occasions where SS-blocks can be transmitted
Proposal 2: Determine the SS transmission occasion duration and periodicity as a function of NR slots
In terms or SS-burts following proposals and observations are made:
Proposal 3: SS-burst covers SS-block(s) transmitted during one SS transmission occassion 
Obervation 1: It would seem preferable from system overhead perspective to assume that SS-blocks are transmitted in consegutive manner.
Proposal 4: Varying number of SS-block repetitions should be enabled within a SS-burst. 
For the SS-burst set we have following observations and proposals:
Proposal 5: SS burst set duration is independent of the number of needed SS-bursts
Observation 2: It would be preferable that the SS-bursts would be transmitted in contiguous manner in the SS burst set
Observation 3: SS-burst within the SS-burst set may have varying size e.g. different number of SS-blocks.
In order to allow NR more flexibility in terms of SS transmission and to facilitate the UE search procedures we have made following:
Observation 4: UE would need to be made aware of the SS-block structure, minimum SS-burst periodicity and size (in terms of SS-blocks) for a given numerology and/or frequency band.
Observation 5: Number of SS-burst in a SS-burst set is indidated to the UE, together with the SS burst set periodicity.
Proposal 6: UE can assume a certain (frequency band dependent) SS-burst set periodicity from initial blind cell detection perspective. 
Observation 6: With apriori information the drawbacks of the reduced synchronisation signal peridiocity can be alleviated
Proposal 7: Furhter study how flexiple SS-burst set configuration should be accounted in serving and neighbouring cell measurements and mobility related procedures
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