Page 1

3GPP TSG RAN WG1 Meeting #77

R1-142021
Seoul, Korea, 19th – 23rd May 2014
Source:
Intel Corporation

Title:
On Synchronization Signal Design for D2D Communication
Agenda item:
6.2.5.3.2
Document for:
Discussion and Decision

1 Introduction

In this contribution, we discuss details of synchronization signal for D2D communication (D2DSS). The D2DSS may be used by a UE to obtain time and frequency synchronization. According to the RAN1 WG working assumption made during the study item phase [1], the D2DSS signal is transmitted by synchronization sources (SS) and in terms of functionality this signal
· May (FFS) carry the identity and/or type of the D2D Synchronization Source(s)

· Comprises of at least a Primary D2D Synchronization Signal (PD2DSS)
· PD2DSS is a Zadoff Chu sequence

· Length FFS

· May also comprise of a Secondary D2D Synchronization Signal (SD2DSS)

· SD2DSS is a M sequence

· Length FFS
In this contribution, we mainly summarize our views on the D2DSS signal design while the synchronization resources and synchronization procedure are described in our companion contributions [3]-[5].
2 Synchronization Requirements
The D2D communication is supposed to target cellular synchronization requirements, i.e. timing should be within a fraction of the CP duration (~ 1us) and the residual carrier frequency offset relative to the frequency of synchronization source should be within Δppm = +/-0.1 ppm.

The following factors need to be carefully considered during the design of D2DSS signal, resource allocation and synchronization procedure:
· Initial frequency offset error

· Residual frequency offset requirements

· Frequency stability

· Sampling offset error

· Amount of hops for timing propagation

All these parameters may affect the periodicity of D2DSS signals transmission as well as its physical structure and mapping to spectrum resources.

2.1 Carrier Frequency Offset

In out of coverage scenarios, the synchronization on D2D link is subject to the high initial frequency offset up to ±20 ppm (±10 ppm at the TX and RX side according to [2]). In case of multi-hop timing propagation, discussed in application to partial and out of network coverage scenarios, each hop increases residual frequency offset error relative to the independent synchronization source (I-SS) or eNB, that serve as a reference. It means that at the nth hop, the residual frequency offset error can be up to ±n·Δppm,  where Δppm represents residual frequency error requirement for single hop synchronization (in LTE systems Δppm = 0.1 ppm). The residual frequency offset error may be even larger, if D2D transmitter and D2D receiver derive timing from different synchronization sources (see Figure 1). Assuming 4 hop synchronization with the last hop for reception only, the frequency offset error between D2D transmitter and D2D receiver may be up to ±6Δppm, i.e. ±0.6 ppm.
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Figure 1: Residual carrier frequency offset error in case of multi-hop synchronization.
Observation 1
· The maximum residual frequency offset error linearly grows with the amount of hops.
· In case of multi-hop synchronization procedure (e.g. 3-4 hops), the residual frequency offset error at last hops may be up to ±0.6 ÷ ±0.8 ppm, if cellular synchronization requirements are reused.

The residual frequency offset error of up to ±0.6 ÷ ±0.8 ppm may not be acceptable with current DMRS structure where DMRS signals are separated by ~0.5ms. This error may degrade PUSCH demodulation due to potential phase ambiguity since the phase increment between two consecutive DMRS transmissions may exceed pi value (see Table 1 below).
Table 1: Phase increment over DMRS period (0.5 ms) for different values of the residual frequency offset error.
	
	Phase increment over 0.5ms (DMRS interval)

	Carrier Frequency
	0.1 ppm
	0.4 ppm
	0.6 ppm

	700 MHz
	70Hz => 0.22 rad
	280Hz => 0.88 rad
	420Hz => 1.32 rad

	2 GHz
	200Hz => 0.63 rad
	800Hz => 2.51 rad
	1200Hz => 3.77 rad > pi (exceeds pi)


The potential solution to this problem is to limit amount of hops by 3 which will result in maximum up to +/-0.4 ppm residual frequency offset error. Alternatively the inter-DMRS spacing in time may need to be reduced/shortened in order to avoid phase ambiguity problem. Another approach is to mandate more stringent requirements and improve estimation accuracy of single shot synchronization. However this approach is not practically attractive since may require redesign of existing LTE synchronization signals.
Observation 2
· The multi-hop synchronization requires accurate measurements of carrier frequency offset, which should be addressed by D2DSS design.
· The residual frequency offset error may require modification of the PUSCH DMRS structure, if multi-hop synchronization procedure with large number of hops is agreed.
2.2 Frequency Stability
The frequency stability is another parameter characterizing the carrier frequency drift in time. This parameter may also have impact on synchronization procedure and should be considered to decide on the periodicity of D2DSS signal transmission [2].
2.3 Source for RF Frequency and Data Clock

Currently there is no RAN4 requirement for UE terminals to use the same synchronization source for RF frequency and data clock generation. However, such requirement is specified for eNodeB. Although it may be considered as a natural assumption it is better to check with RAN4 WG whether such requirement can be assumed for UE as well.
Proposal 1
· Consult with RAN4 whether same synchronization source can be assumed for RF frequency and data clock generation.
2.4 Sampling Offset

The sampling offset may be derived from estimate of the carrier frequency offset if same synchronization source is used for data and RF frequency generation. The effect of sampling offset leads to the phase rotation proportional to the subcarrier index, which is due to FFT window shift between transmitter and the receiver. If FFT window shift due to sampling offset is within fraction of the CP length, the effect of sampling offset may be absorbed by channel estimation, although it may degrade performance if phase shift linearly growing with subcarrier physical index is not compensated.
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Figure 2: FFT window shift depending on sampling offset.

The sampling offset may require adjustment of FFT window at the RX side in between of synchronization intervals. Assuming that timing adjustment is made every synchronization period by all D2D enabled UE, it is desirable to keep maximum FFT window shift within fraction of the CP length, e.g. 1/4th. For normal CP length, it translates into ~1.2us, which corresponds to 60/120ms synchronization periods for sampling offsets of ±20/±10 ppm respectively.
Observation 3
· Synchronization period in the order of 40ms to 120ms can be considered 
· The period of 120 ms results in FFT window shift of 2.5us in case of  ±20 ppm sampling frequency offset that can be acceptable in case of extended cyclic prefix.
2.5 Initial Search/Scanning Complexity
There is a trade-off between power consumption for initial search and periodicity of the D2DSS transmission. The more frequent transmission of D2DSS signals is beneficial from initial search power consumption as well as from scanning and timing tracking perspective.

Observation 4
· Periodicity of the D2DSS transmission associated with multiple tradeoffs including synchronization accuracy, UE power consumption for initial search / scanning and tracking.

3 D2DSS Design
The D2DSS signal is composed from PD2DSS and SD2DSS. The PD2DSS signal is used for initial timing estimation, and coarse carrier frequency offset estimation. The SD2DSS signal is used for fine timing/carrier frequency offset estimation as well as may be used for PD2DSCH demodulation. Based on vendor specific implementation, the combination of PD2DSS and SD2DSS can be used to further improve synchronization accuracy.
Proposal 2
· D2DSS signal is composed from PD2DSS and SD2DSS.

3.1  Information Encoded by D2DSS

In our view, the following information may be encoded into D2DSS signals
· Sync source type - Defines whether the synchronization is propagated from eNB or independent synchronization source.

· Hop count – Defines the current value of the synchronization source hop count used by the node/terminals.

· Partial information about sync source identity. The synchronization source identity at least partially may be encoded into D2DSS. 
In addition, the information about duplexing mode (TDD/FDD) or even TDD UL/DL configuration may be encoded by D2DSS. However this information can be also carried in PD2DSCH channel if defined by RAN1 WG. 
3.2 PD2DSS

The PD2DSS may encode the SS hop count, if multi-hop synchronization is agreed. In this case, the one to one mapping between PD2DSS sequence and the synchronization hop count may be defined. The total amount of different PD2DSS sequences is equal to the maximum number of synchronization hops and is predefined by the specification (e.g. 3 hops can be considered). In general, the existing PSS sequences may be reused for PD2DSS signal generation and their mapping to hop count values can be predefined by specification.
Table 2: Hop count and PSS sequence mapping
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	Hop count

	0
	25
	0

	1
	29
	1

	2
	34
	2


Note that if four synchronization hops are agreed, the one of the PSS sequences (e.g. corresponding to hop count 0) may be reused or the new 4th root index can be defined for out of coverage scenario.
Proposal 3
· PSS sequences are reused as primary D2D synchronization signals (PD2DSS)

· PD2DSS sequence is associated with synchronization hop count if multi-hop synchronization procedure is agreed.
· FFS if the 4th hop and new root index is needed to enable the 4th synchronization hop.
3.3 SD2DSS

The SD2DSS represents D2D synchronization source identity (SSID) which identifies synchronization area and/or independent synchronization source. The SSID is L1 identity. The linkage between L1 SSID and upper layer identifiers may be defined if needed by RAN2 WG. Alternatively the SSID may be selected by the UE from the available SSID set 0, 1, …, N-1 = 167 or preconfigured. The amount of SD2DSS sequences N may be further reduced if it is seen unnecessary to have 168 sequences (8 bits). One of the options is to limit it to 128 or 64 sequences in order to reduce the SSID search/detection complexity.
Proposal 4
· SSS sequences are reused for generation of secondary D2D synchronization signals (SD2DSS);
· SSS sequence encodes the identity of the original independent synchronization source or synchronization area;
· Reduced set of SSS sequences is used for SD2DSS encoding.
The SSS sequence may be used to identify the synchronization source type (eNodeB/Rel.10 relay or independent synchronization source). In LTE, different SSS signals are applied for slot 0 and slot 10, although both of them represent the same physical-layer cell-identity group
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. The mechanism used for frame timing detection can be reused to identify the type of the original synchronization source: either eNodeB or UE (e.g. slot 0 SSS indicates eNodeB/Rel.10 relay and slot 10 SSS corresponds to independent synchronization source). Note that this identification should be done by synchronization signals in order to correctly interpret the fields of PD2DSCH channel if this channel is agreed by RAN1 WG. Note that the content of this channel may vary depending on partial-coverage or out-of-coverage scenario.
Proposal 5
· The SSS sequences are used to differentiate original synchronization source type (eNB/Rel.10 relay or independent synchronization source).

· The amount of SD2DSS sequences transmitted at the subsequent hops is a function of the system bandwidth and SSID.
4 Conclusions
In this contribution, we provided our views on D2DSS signal design. In our view, the existing PSS and SSS sequences can be reused for PD2DSS and SD2DSS transmission. The PD2DSS can be used for coarse time and frequency synchronization. In addition, the PD2DSS sequence may be associated with synchronization hop count so that different PSSs represent different hops. The SD2DSS sequence can be used for fine synchronization, PD2DSCH channel demodulation and partial encoding of the synchronization source identity. The distinction of original synchronization source (i.e. eNB and I-SS) can be done by reusing frame boundary mechanism used in cellular operation.
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Appendix D2DSS Performance Analysis

In this section, we provided D2DSS performance analysis in terms of CFO estimation error in AWGN and IMT Advanced UMi NLOS channel. For analysis, we used the PD2DSS and SD2DSS mapping as described in [3]. Our analysis shows that accurate carrier frequency offset estimation error may be achieved if several synchronization symbols are used for carrier frequency offset estimation.
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Figure 1: CDF of the residual carrier frequency offset estimation error.
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