3GPP TSG RAN WG1 Meeting #78


R1-143210
Dresden, Germany, 18th-22nd August 2014   
Source: 
Sharp
Title:
D2D Synchonization Signal Transmission for Partial Coverage
Agenda Item:
7.2.3.3.3
Document for:
Discussion and Decision

1 Introduction

In the meeting RAN1 #77, the question of D2D synchronization source for partial coverage was extensively discussed online and offline. The agreements on this topic were listed in the following [1]:

	Agreements:
· The set of D2DSS that can be transmitted by a UE is divided into two groups:

· D2DSSue_net: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is an eNB
· D2DSSue_oon: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is not an eNB
· FFS: If multi-hop is supported

· When UE is out of coverage and detected a D2DSS in D2DSSue_net, 

· FFS: whether UE transmits a D2DSS in D2DSSue_net or in D2DSSue_oon or neither

Possible agreements:
· For UEs that detected PSS/SSS

· If a UE detects a D2DSS in D2DSSue_oon and it can be connected to an eNB, it can report the detection to the eNB. The eNB may then instruct the UE to transmit a D2DSS from D2DSSue_net
· Qualcomm: What is UE procedure of D2DSS detection in out of coverage?
· For UEs not detected PSS/SSS

· A UE cannot transmit a D2DSS in D2DSSue_net if no D2DSS in D2DSSue_net is detected.

· A UE can transmit a D2DSS in D2DSSue_net if 

· It detects the D2DSS and is synchronized to it, and

· The stratum level of the detected D2DSS is lower than a threshold
Proposed Agreement:

· Alt1: When UE is out of coverage and detected a D2DSS whose sequence is in D2DSSue_net,

· If the UE selects the detected D2DSS whose sequence is in D2DSSue_net as the timing reference for its transmissions, it transmits a D2DSS whose sequence is in D2DSSue_net as its timing reference if it becomes a D2D synchronization source.

· FFS whether it transmits the same D2DSS, in which case a hop count is carried in the PD2DSCH

· If the UE does not select the detected D2DSS whose sequence is in D2DSSue_net as the timing reference for its transmissions, it transmits a D2DSS whose sequence is in D2DSS_ue_oon if it becomes a D2D synchronization source.

· Alt2: When UE is out of coverage and detected a D2DSS whose sequence is in D2DSSue_net, it transmits a D2DSS whose sequence is in D2DSS_ue_oon if it becomes a D2D synchronization source.


In this contribution, further discussions about partial coverage D2D syncrhonization signal transmission are provided.

2 Discussion
In legacy LTE, besides carrying information like physical layer cell identity, the PSS/SSS synchronization signals mainly act as transmission timing reference providers. In D2D communications, the original timing reference can either be from eNB or from some synchronization cluster heads (SCHs), which are independent UEs which transmit its own timing without deriving timing from any other UEs or eNB. Correspondingly, the D2DSS sequence groups “D2DSSue_net” and “D2DSSue_oon” are defined in RAN1 #77.
The main difference between the two alternative agreements proposed in the offline discussion is whether multi-hop is supported for D2D communications. Alt2 implies the out-of-coverage UE becomes an independent synchronization source and transmits its own timing, rather than eNB timing, even it detects eNB timing via D2DSS sequence in D2DSS_ue_oon.  Meanwhile, Alt1 allows eNB reference timing to be relayed to out-of-coverage UEs; in this situation the UE transmitting D2DSS in D2DSSue_net acts as “D2DSS synchronization timing transmission UE”, instead of “D2DSS synchronization source UE”. 
No matter multi-hop D2D communications, especially for out-of-coverage scenario, will be supported beyond R12, taking into consideration two factors:

(1) Control the total number of different timing in D2D communications due to obvious reason for partial coverage scenario. What’s more, according to the simulation evaluations [2], for out-of-coverage scenario, allowing less synchronization hops or no hops results in many more independent timing references in the network, e.g., the maximum average number of timing references throughout out-of-coverage deployments can be 306, 134.7 and 62.5 for 2-hop, 3-hop and 4-hop synchronization protocols respectively.  
(2) Alignment with eNB timing can let out-of-coverage UEs accurately obtain information converyed from eNB, e.g., by decoding PD2DSCH information from eNB. 

Proposal 1: 

· RAN 1 should take proposed agreement Alt1,

· Alt1: When UE is out of coverage and detected a D2DSS whose sequence is in D2DSSue_net,

· If the UE selects the detected D2DSS whose sequence is in D2DSSue_net as the timing reference for its transmissions, it transmits a D2DSS whose sequence is in D2DSSue_net as its timing reference if it becomes a D2D synchronization source.

· FFS whether it transmits the same D2DSS, in which case a hop count is carried in the PD2DSCH

· If the UE does not select the detected D2DSS whose sequence is in D2DSSue_net as the timing reference for its transmissions, it transmits a D2DSS whose sequence is in D2DSS_ue_oon if it becomes a D2D synchronization source.
D2DSSue_oon sequence is never used in partial coverage case if Alt.1 is agreed as the definition of D2DSSue_oon. Therefore, we focus on D2DSSue_net in latter part since the scope of this contribution is partial coverage case.  Synchronization timing offsets may be introduced hop by hop. Statistically, more hops mean more unreliable timing. As mentioned in Alt1, hop number should be carried, for three reasons:

(1) In 3GPP TR 36.843 [3], with regard to the topic of “Selection of timing reference D2D Synchronization Source”, “a UE selects a D2DSS with a smaller stratum level when all the other metrics are the same”. Stratum level can be used by UE to do D2DSS timing reference selection.

(2) If a synchronization timing reference is transmitted by some certain number of hops (stratum level threshold), it should be stopped due to unreliable timing.   

(3) The purpose of multi-hop synchronization is to transmit eNB timing to out-of-coverage UEs; it makes no sense for the in coverage UE to derive timing from an in coverage UE D2DSS, as it can derive eNB timing from PSS/SSS directly. In this case, hop number will be a good indicator of in coverage D2DSS and out of coverage D2DSS, e.g., D2DSS in D2DSSue_net with one hop means it comes from an in coverage UE; while D2DSS in D2DSSue_net with two hops means it comes from a out-of-coverage UE. 
Proposal 2: 

· A stratum level threshold for D2DSSue_net should be defined for synchronization timing transmission if Alt.1 is agreed.
· If a synchronization timing reference is derived from D2DSSue_net by some certain number of hops (stratum level threshold), it should be stopped due to unreliable timing.   

· FFS: A stratum level threshold = 3 or more

On the other hand, the SD2DSS is specified in the agreements of RAN1 #77. Therefore, when talking about D2DSS sequences in group D2DSSue_net or group D2DSSue_oon, we should further specify how to define D2DSS sequences in both of these D2DSS groups. Similar as legacy synchronization signals, the D2DSS does not only provide communication timing, but also carry some information. For example, in the possible agreements of RAN1 #77, the following things are specified:

[image: image1]
Considering the D2DSS groups, i.e., D2DSSue_net or D2DSSue_oon, are defined w.r.t. source type if Alt.1 is agreed, the D2DSS with the same source type doesn’t necessarily mean they should carry the same physical layer information. Namely, physical layer information, e.g., stratum level, can be indicated by D2DSS sequence.
A simple example, if PD2DSS1 indicates eNB source, and if SD2DSS indicates other information, e.g., SD2DSS1 indicates 1 hop, while SD2DSS2 indicates 2 hops, and if the D2DSS1 transmitted by a UE comprises of PD2DSS1 and SD2DSS1, and D2DSS2 transmitted by another UE comprises of PD2DSS1 and SD2DSS2, then D2DSS1 and D2DSS2 should come from the same D2DSS sequence group D2DSSue_net, as both of them transmit the same eNB timing.
As described in [3], if multi-hop synchronization is supported for D2DSSue_net, D2DSS signal strength/quality and D2DSS stratum level are potential metrics to affect D2DSS timing selection. In our mind, similar as PBCH decoding in legacy LTE which is done right after obtaining synchronization timing, PD2DSCH decoding should also be done after obtaining D2D synchronization timing. Since the stratum level is potentially affect the selection of appropriate D2DSS timing, a UE has to detect stratum level information before the selection of D2D synchoronization timing. However, if the stratum level information is carried in PD2DSCH, a UE has to decode PD2DSCH and then select the D2D synchronization timing corresponding selected D2DSS. Therefore, it is benefical if a UE could have the stratum level information for D2DSS sequencs in D2DSSue_net to help D2DSS timing selection.

Proposal 3: 

· Source type information, i.e.,  whether the sequnces in D2DSSue_net or the sequences in D2DSSue_oon , is indicated by D2DSS sequence
· A set of sequences in D2DSSue_net and a set of sequences in D2DSSue_oon should be different
· Stratum level information is indicated by D2DSS sequences in D2DSSue_net
3 Summary

Based on the discussion above, we propose the following:
Proposal 1: 

· RAN 1 should take proposed agreement Alt1,

· Alt1: When UE is out of coverage and detected a D2DSS whose sequence is in D2DSSue_net,

· If the UE selects the detected D2DSS whose sequence is in D2DSSue_net as the timing reference for its transmissions, it transmits a D2DSS whose sequence is in D2DSSue_net as its timing reference if it becomes a D2D synchronization source.

· FFS whether it transmits the same D2DSS, in which case a hop count is carried in the PD2DSCH

· If the UE does not select the detected D2DSS whose sequence is in D2DSSue_net as the timing reference for its transmissions, it transmits a D2DSS whose sequence is in D2DSS_ue_oon if it becomes a D2D synchronization source.

Proposal 2: 

· A stratum level threshold for D2DSSue_net should be defined for synchronization timing transmission if Alt.1 is agreed.

· If a synchronization timing reference is derived from D2DSSue_net by some certain number of hops (stratum level threshold), it should be stopped due to unreliable timing.   

· FFS: A stratum level threshold = 3 or more
Proposal 3: 

· Source type information, i.e.,  whether the sequnces in D2DSSue_net or the sequences in D2DSSue_oon , is indicated by D2DSS sequence

· A set of sequences in D2DSSue_net and a set of sequences in D2DSSue_oon should be different
· Stratum level information is indicated by D2DSS sequences in D2DSSue_net
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Possible agreements:


D2DSS consists of PD2DSS and SD2DSS


TDM between PD2DSS and SD2DSS


PD2DSS/SD2DSS have OFDM based format


QCM, LG, GD, ZTE, Microsoft: Concern of OFDM based format for SD2DSS and necessity of SD2DSS


Different root index for PD2DSS from PSS is used


Broadcom, Ericsson: PSS root index is sufficient for PD2DSS


Following information is indicated by D2DSS


Source type


FFS: other information


Following information is indicated by D2DSS or PD2DSCH if specified


TDD/FDD


TDD config.


System frame number


Synchronization ID


Current stratum level


Resource pool


FFS: Detailed definition


FFS: other information








