3GPP TSG-RAN WG1 #86bis																		R1-1610287
Lisbon, Portugal, October 10-14, 2016

Agenda item:		8.1.5.1
[bookmark: _GoBack]Source:	Nokia, Alcatel-Lucent Shanghai Bell, Verizon Wireless
Title:	On the synchronization signal design principle in NR
Document for:		Discussion and Decision
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].
This contribution is related to initial access design for NR, specifically to synchronization signal transmission methods. NR initial access should fulfill the following requirements agreed in RAN1#86: 
	Agreements:
· 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
· Single beam based and multi-beam based deployments
· TDD and FDD operations
· Different/mixed numerologies
· Standalone and non-standalone operations
· Licensed band and unlicensed band operations
· FFS: mMTC use case




2	Requirements
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. In single-beam approach the cell would transmit synch signals via sector wide beams once in the given periodicity. Furthermore, it is considered that in single-beam mode coverage enhancement should be supported meaning that the synch 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. Furthermore, in beam sweeping operation, repetition may be applied upon for further coverage enhancements that e.g. sync signals transmitted to certain direction per sweep block is repeated to the same direction in the next sweep block. Thus, design target should be to construct synchronization signals and related procedures so that search performed by the UE would be as agnostic as possible, i.e. targeting at unified solution for the following possible BS operating modes illustrated in Figure 1:
1)	Single-beam without synch repetition
2)	Single-beam with synch repetition
3)	Multi-beam without repetition
4)	Multi-beam with repetition
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(a) Multibeam without repetition
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(b) Multibeam with and without repetition
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(c) Single beam with and without repetition

Figure 1. Illustration of possible different ‘beam’ operation modes. (Note the beam’s maybe superposition of signal transmitted from multiple sources).
Proposal 1: Design target should be to construct synchronization signals and related procedures so that search performed by the UE would be as agnostic as possible, i.e. targeting at unified solution for the following possible BS operating modes:
1)	Single-beam without synch repetition
2)	Single-beam with synch repetition
3)	Multi-beam without repetition
4)	Multi-beam with repetition

The adopted solutions should allow use of uniform design and a generic UE behaviour while also enable the network to repeat synchronization signals for improving the UE cell detection probability. It would be preferable if a method would be introduced that would enable devices to use the possible additional synch signals sent by the network without requiring the UEs to have a priori information regarding the beam configuration and operating mode: single-beam or multi-beam.

As discussed in [3], cell search and mobility measurements in NR may rely at least partly on synchronization signals for cell level mobility. Requirement for synchronization signals thus is to indicate a physical cell ID as discussed in [4]. In scenarios such as NR-licenced assisted access (NR-LAA) and especially with multi-beam operation implying infrequent synchronisation signal transmission it is important to increase the detection probability to bring to a minimum the detection time down, preferably close to one-shot level.
As previously mentioned, the synchronization signal may be repeated. In order to create a transparent specification with respect to these operation modes with generic UE behaviour, it may be beneficial to provide the UE to get an indication of when and how it can combine repeatedly transmitted sync signals.

As a starting point a similar hierarchical synchronization signal structure as in LTE is considered, consisting signals (e.g.  PSS and SSS) to provide symbol timing, frame timing and PCI. In multi-beam operation where the synchronisation signal(s) would be transmitted in beam sweeping manner, e.g. in specific sweeping subframes as proposed in [5]. In this case UE may detect synchronisation signal(s)  in any sweeping block (which may be e.g. one symbol) with in the sweeping subframe(s). In order to enable correct timing association UE would need to know the exact timing relation inside the subframe. Thus, indication of the detected symbol/sweeping block timing is needed. 

Observation 1: In beam sweeping operation, signalling of sweeping block/symbol timing in respect of subframe timing should be provided by BS.

Indication may be additional synchronization type signal or signalled within associated NR-PBCH which is expected to be transmitted together with the synchronisation signal(s). As periodicity of the NR-PBCH and synchronisation signal(s) may be different t e.g. every 5 ms SS and NR-PBCH every 10 ms and as mentioned in [3], and it would be desirable to the UE to perform mobility measurements without the need to read system information, an additional synchronization signal is preferred.

Observation 2: Subframe timing could be signalled via an additional synchronization signal or in NR-PBCH associated. 

Observation 3: To support efficient mobility measurements and taking into account potentially different periodicities for synchronisation signal(s) and NR-PBCH, indicating the sweep block/symbol timing in relation sub-frame via additional signal is preferred.

Proposal 2: Define a signal to indicate the sweep block/symbol timing information. 

3	Design Solutions
As discussed above, a signal indicating the sweep block timing is needed in multi-beam operation. On the other hand, this could be beneficial also in single-beam cases both with and without repetition. In the case of repetition, the UE may not be able to detect the subframe timing from synchronisation signal alone. In addition, explicit indication of the symbol timing would allow flexible allocation of synchronisation signal in time domain within a subframe as well. 

Thus, a common solution can be constructed for all four cases discussed in previous section: hierarchical synchronization signals would comprise signals indicating:
· Symbol timing (e.g. PSS) 
· Subframe timing (e.g. NR-SS)
· Frame timing (e.g. SSS)

Proposal 3: Construct common NR synchronization signal set for all scenarios providing (from timing point of view):
· Symbol timing
· Subframe timing
· Frame timing

NR-SS would simply signal the symbol index where other associated synchronisation signal(s) are detected so that UE would be able to establish time association. Figure 2 illustrates one possible construction of aforementioned signals. In this illustration the signals are placed in frequency domain covering e.g. one symbols. 
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Figure 2. Illustration of synchronization definition

 
To furthermore support different support indicating UE to know whether it can combine detected synchronization signal with previous one in previous symbol (e.g. in repetition and multi-beam repetition case), the NR-SS could convey together with symbol index one bit indication whether or not repetition is used e.g. NR-SS could be modulated by +1/-1. 

Proposal 4: Define signaling method to inform the UE whether detected synchronization signal(s) can be combined with the previous symbol/sweep block. 


4	Conclusions
In this contribution requirements and possible solutions for synchronization signal transmissions for NR are discussed. The proposed solutions would allow transparent operation of different beam forming architectures and deployments. The method will allow generic UE behaviour while also enable network to repeat sync signals for improving the UE cell detection probability. This method would enable devices to use the possible additional synch signals sent by the network without requiring the UEs to have a priori information regarding the system beam configuration (and operating mode: single-beam or multi-beam). Based on that, the following observations and proposals are drawn:
Proposal 1: Design target should be to construct synchronization signals and related procedures so that search performed by the UE would be as agnostic as possible, i.e. targeting at unified solution for the following possible BS operating modes:
1)	Single-beam without synch repetition
2)	Single-beam with synch repetition
3)	Multi-beam without repetition
4)	Multi-beam with repetition
Observation 1: In beam sweeping operation, signalling of sweeping block/symbol timing in respect of subframe timing should be provided by BS.

Observation 2: Subframe timing could be signalled via an additional synchronization signal or in NR-PBCH associated. 

Observation 3: To support efficient mobility measurements and taking into account potentially different periodicities for synchronisation signal(s) and NR-PBCH, indicating the sweep block/symbol timing in relation to sub-frame via additional signal is preferred.
Proposal 2: Define a signal to indicate the sweep block/symbol timing information.
Proposal 3: Construct common NR synchronization signal set for all scenarios providing (from timing point of view):
· Symbol timing
· Subframe timing
· Frame timing

Proposal 4: Define signaling method to inform the UE whether detected synchronization signal(s) can be combined with the previous symbol/PSS+SSS block. 
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