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1. [bookmark: OLE_LINK57][bookmark: OLE_LINK58]Introduction
Initial access includes functions such as cell search and synchronization, system information delivery, cell selection/reselection and random access. It has significant impact on several NR KPIs [1], for example control plane latency, coverage, connection density and network energy efficiency.
In the RAN1 #86 meeting, it was agreed that a common framework should be considered for single beam based and multi-beam based deployments for initial access [2]: 
	[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Agreements:
· [bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK29][bookmark: OLE_LINK30]RAN1 should strive for a common framework, including for example structure of synchronization signals, for initial access
· More specifically, especially within a group of frequency bands in the frequency range, RAN1 should strive for an unified framework covering
· [bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK45][bookmark: OLE_LINK46]Single beam based and multi-beam based deployments
· ...


In the RAN1 #86bis meeting, it was further agreed that the DL initialsignal structure of ‘SS block’, ‘SS burst’ and ‘SS burst set’ should be introduced for PSS, SSS and/or PBCH transmission [3]. 
	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
· 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 this contribution, we focus on the specific structure design of SS burst. A unified framework based on the structure of SS burst for various situations has been discussed, while the companion contribution [7] focuses on the design of SS block which contains PSS, SSS and/or PBCH. 
2.	Flexible SS burst structure
In downlink, the signal structure of ‘SS block’, ‘SS burst’ and ‘SS burst set’ had been introduced for PSS, SSS and/or PBCH transmission. A SS burst consists of multiple SS blocks multiplexed in TDM manner as shown in Figure 1. One or more SS burst(s) can be adopted for full DL beam sweeping. In each SS block, there can be a complete set of signal/channel related to initial access, e.g. synchronization signal, PBCH and reference signals (for RSRP measurement and/or fine time/frequency synchronization). 
NR should strive for a flexible structure configuration for SS burst that unifies various situations, e.g. multi-beam or single beam, beam sweeping and/or repetition, power limited and non-limited scenarios, etc.


[bookmark: _Ref462855489]Figure 1: Illustration of SS burst for various situations
In the multi-beam scenario, signals may have to be transmitted along only one or few beam direction(s) in one SS block due to the limited number of TXRU. The beam in all SS blocks of one or more SS burst(s) cover the whole serving area (as illustrated in Figure 1). This kind of multi-beam transmission is defined in [4] as beam sweeping. 
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]In the single-beam scenario, signal repetition in multiple SS blocks may be used, in order to allow energy accumulation and coverage extension. The combination of beam sweeping and repetition should also be considered for scenarios with cell-edge UEs with very low SNR, e.g. UMa [5].
It can be noted that UEs close to TRP may enjoy faster initial access with the repetition scheme since the probability of successful detection with few SS blocks becomes higher. 
[bookmark: OLE_LINK63][bookmark: OLE_LINK64]Furthermore, beam sweeping or repetition may not be needed in the power non-limited scenarios. Then, a single-block SS burst should be enough, e.g. single beam based deployment in low frequency. 
[bookmark: OLE_LINK55][bookmark: OLE_LINK56]Proposal 1: For adapting to various situations, NR should strive for a flexible SS burst structure, e.g. supporting flexible number of SS blocks in a SS burst, configurable number of repetition, different types of beamforming (omni-directional, quasi omni-directional, directional), etc. 
[bookmark: _Ref458441502]3.	Informing of SS burst Structure
In the case of repetition on the same beam (i.e. the same antenna port), e.g. in the single-beam case, a UE can coherently combine the signals in the repeated SS blocks for improved SNR. However, different combining schemes may be feasible if the signals are repeated on different beams from the same TRP (i.e. different antenna ports but quasi collocated) or from different TRPs (i.e. not quasi collocated). Hence, it may be useful for a UE to know in advance the repetition structure in the SS burst for a certain cell, for example if the signals are repeated on the same beam in consecutive SS blocks, if signals in different SS blocks are quasi collocated, or if the signals are repeated on different beams in a certain discontinuous SS burst structure (see below). While it should not be necessary for a UE to know the SS burst structure to find a cell, the information could improve detection performance and reduce UE power consumption. Including SS burst structure information, also of neighbor cells, into SI available to idle UEs could also be considered.
Proposal 2: NR supports detection of SS without UE knowledge of the SS burst structure, such as the number of SS blocks, repetition on the same/different beam in different SS blocks or quasi collocation of different SS blocks.
Proposal 3: Connected mode UEs can be informed of the SS burst structure of a cell in the measurement configuration.
Proposal 4: Consider informing IDLE mode UEs of the SS burst structure of current and neighbor cells in the SI.
4.	Mapping SS burst to radio frame
[bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK51][bookmark: OLE_LINK52]One key issue is the relation between SS burst and the frame structure for the transmission of data and corresponding control signaling, i.e. how to map a SS burst into a radio frame. For multi-beam based deployments, a subframe-level duration SS burst will be needed. One straightforward way is to apply a continuous SS burst and puncture one or several continuous data/control transmission slots in order to accommodate SS burst, as shown in middle approach of Figure 2. Although self-contained feedback and scheduling for DL and UL data transmission is very attractive in many cases, it is still doubtful whether it can be used in all cases. In such cases, delayed feedback and/or scheduling needs to be used. Then, the idea of puncturing a continuous time interval for SS burst may constrain the flexibility of data transmission to some extent, especially if a long SS burst is employed. 
[bookmark: OLE_LINK49][bookmark: OLE_LINK50]For single beam based deployment, only one or a few symbols will be occupied by SS block. The remaining part can be used for data transmission just like LTE. So it seems not a good way for mapping the SS block from the beginning of a time interval. DL control domain should be reserved for data scheduling.


[bookmark: _Ref458431213]Figure 2: Illustration of Continuous (middle) and Discontinuous (bottom) SS burst
Considering multi-beam (with/without repetition) based deployments, a unified design needs to be guaranteed. It means mapping of multi-beam SS blocks should keep a same start time point as single beam based deployment, and the control field involved could be reserved according to the same principle. 
[bookmark: OLE_LINK41][bookmark: OLE_LINK42]So another discontinuous SS burst approach as shown in bottom approach of Figure 4 may be applied. Only puncture data part of time interval for multiplexing of SS blocks. Then, even a long SS burst may not impact flexibility of data transmission. 
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]Proposal 5: NR should strive for a SS burst structure that will bring less impact on data transmission, e.g. applying discontinuous SS burst structure.
[bookmark: OLE_LINK71][bookmark: OLE_LINK72]5.	Periodicity of SS burst Set
Some factors need to be considered for determining SS period. Such as: resource overhead of SS burst set, cell searching time, etc. 
There are two options for considering overhead of SS burst set, i.e. (1) overhead of SS burst set increases with the number of beams such that the period of one beam direction (or SS burst set) is fixed (2) the period of one beam direction (or SS burst set) increases with the number of beams. The overhead of SS burst set is fixed. The former one seems to be a better option since it is reasonable to make the experience of UE (i.e. cell searching delay) independent of the number of beams. 
[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 60KHz, 120KHz), the duration of symbols will get shorter accordingly. Two 15 kHz symbols of LTE SS will contain eight (or sixteen) 60 kHz( or 120 kHz) symbols. But the number of symbols for beam sweeping may be much higher than that [6]. 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.
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, 40ms). 
Observation: NR SS Periodicity should be determined by considering some factor, such as: resource overhead of SS burst, cell search time, etc.
Proposal 6: periodicity of NR SS can be expanded to a certain degree comparing with LTE SS(e.g. 10ms, 20ms, 40ms).
6.	Conclusions
The following was proposed above:
Proposal 1: For adapting to various situations, NR should strive for a flexible SS burst structure, e.g. supporting flexible number of SS blocks in a SS burst, configurable number of repetition, different types of beamforming(omni-directional, quasi omni-directional, directional), etc. 
Proposal 2: NR supports detection of SS without UE knowledge of the SS burst structure, such as the number of SS blocks, repetition on the same/different beam in different SS blocks or quasi collocation of different SS blocks.
Proposal 3: Connected mode UEs can be informed of the SS burst structure of a cell in the measurement configuration.
Proposal 4: Consider informing IDLE mode UEs of the SS burst structure of current and neighbour cells in the SI.
Proposal 5: NR should strive for a SS burst structure that will bring less impact on data transmission, e.g. applying discontinuous SS burst structure.
Proposal 6: periodicity of NR SS can be expanded to a certain degree comparing with LTE 5ms SS(e.g. 10ms, 20ms, 40ms).
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