Page 1
3GPP TSG RAN WG1 Meeting #87																R1-1611963
Reno, Nevada, U.S.A., 14-18 November 2016

Source: 	Intel Corporation 
Title:	Considerations for Synchronization Signal Design
Agenda item:	7.1.2.1
Document for:	Discussion and Decision

1. Introduction
In this contribution, we discuss design aspects of synchronization signal based on agreements made in RAN1 from previous meetings.
The following agreement regarding synchronization signal were made in RAN1 #86bis.
	Agreements regarding Periodicity
· From RAN1 specification perspective, NR air interface defines at least one periodicity of SS burst set
· FFS: whether or not to define common periodicity range for SS burst set across NR carriers
· Values of the periodicities of SS burst set is for further study
· E.g., 5ms, 40ms, 100ms
· The lowest value of the periodicity of SS burst set is X ms, e.g., 5ms, 40ms, 80ms 
· Note: Interval of SS burst can be the same as interval of SS burst set in some cases, e.g., single beam operation
· Note: the main bullet can be applied to PSS, SSS and/or PBCH
· FFS: networks is allowed to transmit SS burst set at least at the defined periodicities
· FFS: UE is allowed or informed to adapt acquisition procedure based on periodicities of SS burst set
· FFS: For example, if multiple periodicities of SS burst set are defined for initial blind acquisition, UE assumes X ms of an NR carrier as periodicity of SS burst set for dwell time on a freq

Agreements regarding SS structure
· 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.

Agreements regarding NR-SS 
· NR defines at least two types of synchronization signals
· NR-PSS at least for initial symbol boundary synchronization to the NR cell
· FFS other functionality provided by NR-PSS, e.g., part of NR cell ID, serving as DMRS for NR-SSS, detection of subcarrier spacing
· NR-SSS for detection of NR cell ID or at least part of NR cell ID
· Number of NR cell IDs is targeted to be at least 504
· FFS: larger than that in LTE
· FFS number of NR cell IDs
· NR-SSS detection is based on the fixed time/freq. relationship with NR-PSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead
· FFS FDM or TDM
· FFS other functionality provided by NR-SSS, e.g., demodulation of broadcast channel, RRM measurement, deriving subframe index, deriving symbol index

Working Assumption on Bandwidth of SS
· Wider transmission bandwidth for NR-PSS/SSS and/or PBCH than that for LTE-PSS/SSS/PBCH is supported at least for a subcarrier spacing larger than 15kHz
· Below 6 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [5 or 20] MHz
· Below 40 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [40 or 80] MHz


•	At least one subcarrier spacing for each synchronization signal (e.g. NR PSS,SSS, PBCH) is predefined in the specification for a given frequency range
•	FFS: Subcarrier spacings for NR PSS, SSS and PBCH can be same or different.
•	Note that there are more than one frequency ranges
•	FFS: for the case when the frequency ranges are overlapped.
•	FFS: whether or not to define a single numerology or multiple numerology for frequency range
•	RAN1 should study the number of subcarrier spacings in a given frequency range and strive for minimizing the number of subcarrier spacings




2. Design Parameters of Synchronization Signal
 
Number of NR Cell-ID conveyed in SS
Deployment scenarios for NR is expected to be quite varying. Covering from broadband connectivity, massive machine type communication, device to device communication, and so on. Potentially, could be envisioned to support thousands of small cells densely populated areas. Therefore, providing extra set of tools to cope with deployments scenarios that may be challenging for LTE should be one of the focuses for NR. 
To that effect, enabling NR to have a large number of cell identifies is expected to provide much needed flexibility in deployment optimization and cell planning for operators. Some of the benefits and the needs of large cell ID was discussed in [1]. Therefore, NR should seriously aims towards supporting larger than 504 different cell IDs. Of course, this should be studied further together with increase in UE complexity and overall synchronization performance. It should be noted that SS may not need to convey the exact cell ID. It may be possible to even offload part of the NR cell identity to a minimal primary system information block, where information can be protected by CRC and the added decoding and processing does not cause large impact to overall UE complexity.
Proposal 1: NR SS to target support of larger than 504 cell identifies.

Bandwidth of the PSS and SSS
Synchronization through NR SS should provide at bare minimum two functionalities, timing estimation and cell identity verification. The PSS and SSS, which are components of the NR SS, is expected to handle such functionality. Based on experiences with LTE PSS, it is clear that NR PSS may potentially be the most dominant complexity of UE synchronization procedure, which consists of a form of matched filter operation to obtain timing acquisition. Furthermore, it is expected that UE will require to perform accumulation of multiple PSS instances to obtain the correct timing and carrier frequency offset (CFO) estimation at very low geometries for NR. If the bandwidth of NR PSS is design to be large, the corresponding sampling rate of the receiver also needs to be high. This results in additional challenges in chip area optimization where design challenges in terms of memory and computation complexity can increase. 
If the timing estimation and initial CFO compensation can be performed by NR PSS, the functional burden of the NR SSS can be reduced to cell identification. For this operation, the occupied bandwidth may not be critical as computationally heavy correlation-like operation for each received sample is not mandated. In fact growth in NR SSS bandwidth can provide extra degrees of freedom in designing a low cross-correlation property between different cell identities and aid support of larger cell identities for NR.
Based on above technical observations, we believe it would be beneficial to support relatively larger NR SSS bandwidth (compared that with LTE) while supporting a smaller NR PSS bandwidth compared that with NR SSS.
Proposal 2: RAN1 to further study support of different bandwidth for NR PSS and NR SSS. 

Periodicity of PSS and SSS
In LTE, UE can assume that LTE PSS/SSS is always available in all time instances to acquire time/frequency synchronization. Some exceptions to this assumption are small cell on/off and LAA in SCell. In NR, on/off mechanism for NR PSS/SSS transmission should be considered to effectively control NR PSS/SSS overhead and interference, and to provide flexibility towards future generations in usage of radio resources. On/off mechanism can provide support of unlicensed spectrum usage, where constant usage of the medium is banned by law.
The existence of the NR SS can be generally realized at the receiver by controlling detection threshold, or with use of CRC check of minimal primary system information payloads, or other mechanisms. However, detection of NR PSS, which is the most complexity centric component, is likely to suffer if pure autonomous on/off is supported. Therefore, we propose to always transmit NR PSS (or let the UE assume that NR PSS is always transmitted), at least for eMBB/URLLC. This will, enable efficient UE implementation. Meanwhile, NR SSS, and/or other channels (such as NR PBCH) can be transmitted in an opportunistic manner. When NR PSS is always transmitted without on/off operation, the predetermined locations can be assumed for UE to safely accumulate multiple instances.
Proposal 3: The opportunistic NR SS transmission is supported for NR SSS. NR PSS is assumed to be always transmitted with [5] ms fixed interval. The exact value to be confirmed from simulations and analysis.

Number of NR PSS sequences
LTE has adopted multiple PSS sequences to offer better performance from coherent detection of SSS, where the channel is estimated from the PSS. The exact number of the PSS sequence was chosen as a trade-off between PSS detection complexity and performance benefit [2]. 
For NR, is may be possible to support a smaller NR PSS bandwidth and relatively larger NR SSS bandwidth. Furthermore, the beams used for NR PSS and NR SSS might be different. For example, the NR PSS could be transmitted using a quasi-omni directional beams to provide faster and robust detection of timing, and NR SSS could be transmitted based on cycling beam sweeps, to provide the right RSRP measurements for cell re-selection. Therefore, use of NR PSS as channel estimation source for coherent detection of NR SSS should not be assumed.
With this assumption, increasing the number of NR PSS sequences does not seem to benefit UE complexity and may not provide improve overall cell ID detection performance.
Proposal 4: NR PSS consist of a single sequence designed to aid efficient timing acquisition and symbol boundary estimation.


Numerology for PSS/SSS
NR has agreed to support multiple numerologies with 2m∙15kHz subcarrier spacing. It is quite unimaginable to design an entirely new NR SS for each numerology supported in the specification. Let alone speculate the additional UE complexity needed to support various NR SS design and detection of them. Implementation of multi-hypothesis test of potentially different NR SS design is going to be a challenging optimization among chip area size, power consumption, and acquisition latency.
In RAN1 #86, three alternatives on support of multiple NR SS numerologies was discussed and agreed for further study.
	· Alt 1: Subcarrier spacing is predefined in the specification for a given frequency range
· Ex: 15kHz for sub-6GHz, 60kHz for over-6GHz
· Note that there are more than one frequency ranges
· Alt 2: Subcarrier spacing is selected by NR BS
· FFS: Details on the set of possible numerologies
· Note: Blind detection of multiple numerologies can be considered
· Alt 3: Single subcarrier spacing is predefined in the specification for all frequency ranges



Benefits and dis-advantage of each alternative is discussed in Table 1.
Table 1. Benefits and Disadvantages of each alternative
	
	Pros
	Cons

	Alt 1
	Optimization for various scenarios is possible – e.g. Use of large subcarrier spacing (e.g. 120kHz subcarrier spacing) for small cell and/or high carrier frequency. Use of small subcarrier spacing (e.g. 15kHz subcarrier spacing) for macro cell and/or lower carrier frequency.
No additional hypothesis tests during initial access for a given frequency carrier
	Multi-band supports UE will need to implement multiple cell search algorithms optimized for each NR SS design.

	Alt 2
	The gNB is able to flexibly select numerology for NR SS transmission to meet the requirements needed for each deployment scenario
	[bookmark: _GoBack]UE may need multiple hypothesis tests to figure out which numerology is used from gNB.
UE needs to implement and optimize different cell search engines to cover different numerologies even when single frequency band is supported.

	Alt 3
	UE needs to implement a single cell search engine for all frequency ranges.
	The predefined numerology for NR SS may not be optimal for all scenarios.




Based on our findings, alternative 2 mandates excessive complexity burden at the UE and requiring significant challenge to optimize among chip area size, power consumption, and acquisition latency to the UE vendors. Therefore, we would like to exclude alternative 2 from potential solutions for NR SS. Alternative 3 is the most attractive in terms of UE complexity. However, in NR to be successful we should check for performance of fixing a single numerology for NR SS in all frequency ranges. Alternative 1, seems to be a good comprise in reducing overall UE complexity vs. optimizing for different characteristics of the operating carrier frequency. Therefore, it is suggested to further perform the simulations to narrow down the solution between Alt1 and Alt 3.
Some candidates of predetermined NR SS numerology for simulations verification are
· Under 6GHz: [15 or 30]kHz
· Above 6GHz: [240 or 480]kHz

Proposal 5: RAN1 to further perform simulations to select the solution for multiple numerologies between Alt 1 and Alt 3. Alternative 2 shall be excluded from the alternative list.


3. Conclusions
In this contribution, we discussed the various aspects on NR SS design. Our proposals are summarized as below:
Proposal 1: NR SS to target support of larger than 504 cell identifies.
Proposal 2: RAN1 to further study support of different bandwidth for NR PSS and NR SSS. 
Proposal 3: The opportunistic NR SS transmission is supported for NR SSS. NR PSS is assumed to be always transmitted with [5] ms fixed interval. The exact value to be confirmed from simulations and analysis.
Proposal 4: NR PSS consist of a single sequence designed to aid efficient timing acquisition and symbol boundary estimation.
Proposal 5: RAN1 to further perform simulations to select the solution for multiple numerologies between Alt 1 and Alt 3. Alternative 2 shall be excluded from the alternative list.
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