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1
Introduction
How to support LTE device to device for proximity service has been discussed for several meetings in RAN1. According to the agreed scope of the WI [1], the two main topics need to be investigated in RAN1 are: 
· Broadcast communications for in network coverage, partial and out of network coverage for public safety 
· Discovery for within network coverage.

Some agreements were reached and FFS issues have been identified in RAN1 #76 on proximity discovery:

· A UE that transmits a discovery message may also be a synchronisation source (and therefore also transmit D2DSS)

· Note that D2DSS is not the message DMRS

· “Discovery sequence” concept introduced in working assumption in RAN1#74bis no longer exists. (but see open discussion below on discovery preamble)

· None of the discovery message payload is carried by the message DMRS

· A UE transmitting a discovery message does not necessarily need to be a synchronisation source
· At least if message is not smaller than 104 bits, Rel-8 turbo coding is used for the discovery message

· Both extended CP length (512Ts) and normal CP length (144 Ts) are supported in the specifications for D2D communication and discovery
· FFS: details of how to set the CP length 

Further discussion on Discovery Preamble:

Question: Can a UE that transmits a discovery message (including DMRS) also transmit a “discovery preamble” prior to the discovery message, where the “discovery preamble” differs from a D2DSS in one or more of the following ways:

· E.g. if D2DSS is periodic and “discovery preamble” is not? 

· Different sequence?

· Different bandwidth? 

Possible purposes for “discovery preamble”:

· Fine tuning of time and/or frequency synchronisation

· Channel estimation assistance for discovery message decoding

· AGC setting

Besides the above FFS issues, there are still some FFS issues identified in RAN1-74b, such as scrambling and RE mapping of discovery message. We will investigate these FFS issues in this paper.  
2
Discovery Message
In this section we discuss issues that mainly impact the message part of the discovery signal, in particular the scrambling, CP length and RE mapping. It is noted that the discussions on CP length, RE mapping and discovery preamble parts are applicable to both discovery and communication.
Scrambling:

As agreed in RAN1#74bis, scrambling is to be used for interference randomization, and the main open issue is whether or not the scrambling sequence should be defined in UE-specific manner. In [2], we identified five sources of interference and we further found that UE specific scrambling can randomize interference from colliding discovery messages. 
If UE specific scrambling is adopted, a further issue is that how discovering UEs can know the scrambling seed when decoding discovery message. For the actual detection of the scrambling seeds we see that discovering UE can either blind detect the scrambling seed or scrambling seed can be carried by carefully designed sequences, such as DMRS used in message, where a set of ZC sequences can be one-by-one mapped to a set of scrambling seeds, or discovery preamble (discussed in Section 3). When comparing the above two options, especially when more than one scrambling seeds has to be blind detected in the decoding process, the inherent extra complexity should be taken into account. Hence, in any case it is critical that the number of scrambling seeds is minimized. 

Based on the discussion above, we would like to repeat our proposals [2] that:
Proposal 1: 
RAN1 should adopt UE specific scrambling on the discovery message:
· FFS on how the scrambling seed is known to discovering UE. Identification through sequences, such as DMRS or the discovery preamble (if possible) can be taken as baseline. 

· FFS on how UEs select the scrambling seed for discovery message transmission.
CP length:

It should be noted that although this paper focuses on D2D discovery, we understand that CP length is a common issue for D2D studying. Thus the discussion in this section is applicable for both discovery and communications.  
In RAN1-76, it is agreed that both extended and normal CP length are supported but how to configure CP length is FFS. In case of co-existence of signals with different CP length, if signals with extended CP length and normal CP length are multiplexed within one SF in the way of FDM, signals with different CP length will interfere each other because the durations of OFDM symbols with different CP lengths are different and the symbols would not be aligned (except for the first symbol in a subframe). 
Within coverage:

If D2D signals (from different UEs) can be transmitted with two different CP lengths, there are two main disadvantages:
1. D2D resource pool has to be split according to different CP length, which forces UEs to either receive or send D2D signals with two CP lengths to guarantee they can discover UEs with different CP length. This may either decrease the resource utilization efficiency from NW point of view or increase the UE decoding complexity from UE point of view.

2. Either signals with extended CP or signals with normal CP will interfere with cellular signals because cellular CP configuration is clearly cell-specific.
With the identified shortcomings, we recognize that using two CP lengths for D2D signal transmission should be avoided within NW coverage, and for in-coverage D2D operation the CP length of the serving cell should be applied in order to avoid the possible interference to cellular signals. Therefore, we propose that:  
Proposal 2: In-coverage UEs apply the CP length of its serving cell for D2D discovery and communication. 
Out-of coverage:

The out-of coverage discovery is out of the scope of Rel-12 LTE D2D WI. But we see that CP length is a common issue for both discovery and communications and the following discussion is therefore more related to D2D communications. We nevertheless include it here, to present a full picture of the CP related ProSe design that applies to both ProSe usages.
If a D2D UE is out-of-coverage, it is possible that this UE may not find/detect any external referencing D2D UEs, such as a synchronization source. In this case, it is always necessary for this isolated D2D UE to send D2D signal such as D2DSS with a pre-configured CP length. 
If out-of coverage D2D UEs follow pre-configured CP length that is different from the CP length used in the closest cells,  cellular D2D UEs and/or out-of coverage D2D UEs (near to the coverage edge, but without NW coverage) have to blindly detect D2D signals (such as D2DSS) with two CP lengths. At the same time, there will be interference between out-of-coverage D2D signals and signals (including cellular and D2D) with cellular CP length at coverage edge area.  
To avoid the above issue, one potential auxiliary method is that CP length for out-of coverage D2D UEs can also be obtained from external reference, such as from synchronization source. Then out-of coverage D2D UEs can follow the CP length from the sync source. Only if a D2D UE cannot find any sync source, it will then use the pre-configured CP length for its potential D2D transmissions. Since coverage edge D2D sync source will provide synchronization reference to out-of coverage UEs (RAN1-76 agreement), it is also reasonable to assume that coverage edge D2D sync source could provide cellular CP configuration to out-of coverage UEs. It is noted that sync source may not be necessary to explicitly provide CP length information. Because once the out-of coverage UE detects a D2DSS from a sync source, the CP length has been simultaneously obtained by this UE already. However, this could not totally eliminate the risk that an out-of coverage area may be split into two parts with different CP lengths. Compared with the potential interference to the coverage edge area, it seems that interference among the conflicting CP operation areas in out-of coverage area has much less negative impacts to the cellular system. Therefore, we think it is beneficial to define an auxiliary method that out-of coverage D2D CP length can be obtained externally, such as from the synchronization source.  
Based on all the above discussion, we propose that:
Proposal 3: 
· It is necessary to pre-configure a D2D CP length for out-of coverage case.
· It is beneficial to define an auxiliary method that out-of coverage D2D CP length can be obtained externally, such as from a synchronization source. 
Frequency hopping on RE mapping:
In [2] we presented the link level performance advantage of applying slot-wise frequency hopping (i.e. Alt. 2 of Fig. 1) compared to using the same RE mapping for each of the slots (i.e. Alt. 1 of Fig. 1).
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Fig.1 Illustration of Frequency hopping on RE mapping

The results in [2] indicate that slot-wise frequency hopping is an effective way to increase the link level performance for narrowband transmissions. We therefore suggest to adopt slot-wise frequency hopping for D2D discovery signal transmission.  It is further noted that this slot-wise frequency hopping can also benefit D2D communication so RAN1 should also consider the usage for D2D communication.  
Proposal 4:  Slot-wise frequency hopping should be applied in D2D discovery message transmission.
· RAN1 should also consider the usage of slot-wise frequency hopping for D2D communications.
3
Potential use of Preamble 
In RAN1-76, the earlier agreed concept of discovery sequence is replaced by the potential concept of discovery preamble. The main question here is whether or not discovery preamble is needed for discovery. Although the “preamble” initially intends for discovery, the issues raised here are common for both discovery and communication for within, partial and out-of coverage cases. 

We see that there may have two benefits to introduce discovery preamble as recognized in RAN1-76:

1. AGC setting
In RAN4-70, it is agreed that “An LTE UE employing an AGC implementation based on energy estimation can settle within one LTE symbol (up to 70us)” [4]. Following this agreement, it is seen that a properly designed preamble can help UE receiver for a better energy estimation. It is noted that this AGC requirement also exists for D2D communications part and so the same design can also be applied for D2D communication.

2. Fine tuning of frequency synchronisation
In case of with NW coverage, it was recognized in [5] that accumulated frequency offsets between two UEs synchronizing to different eNBs may be up to 0.74ppm, which can be translated into 1.5kHz frequency offset in 2GHz carrier. Such offset may not be negligible especially considering the needs for inter-cell discovery. In this case the discovery preamble may be an auxiliary method for a detecting UE to adjust its frequency synchronization.

In case of out-of NW coverage, the initial frequency offset on the UE side, according to RAN4 [4], is +/-10 ppm. In the worst case, the accumulated frequency offset may be up to 20 ppm, which can be translated into 40k Hz or nearly 3 subcarriers in 2GHz carrier. Although assuming two D2D UEs synchronizing to one sync source may ease the concern on the frequency error, it should be noted that the frequency accuracy requirement on the UE side is generally much loose than that for the eNB side. 
In that case, we see it is better to define an auxiliary method for UE to correct its frequency error for out-of coverage case. Although it is fully noted that out-of coverage discovery is out-of rel-12 D2D WI scope, it is reasonable to expect that out-of coverage discovery will happen for a future release. Also for out-of-coverage communication the same issue exists, which should be tackled as well. So considering already identified benefits for in-coverage discovery on frequency error and AGC settings, defining discovery preamble in rel-12 can reduce the additional D2D standardization work on out of coverage discovery from rel-12 toward future release. It is further noted that such auxiliary method shall also be applied for D2D communication on out-of coverage case, where the same issue exists. 

It is clear from the above discussion that preamble is also beneficial for D2D communications for in-coverage, partial NW coverage and out-of NW coverage cases. Therefore, we further propose that:   
Proposal 5: RAN1 should define the preamble for D2D communications & discovery. 

4         Conclusion
In this contribution, we discuss the signal design related issues for discovery and communication. We make following proposals:

· Proposal 1: RAN1 should adopt UE specific scrambling on the discovery message:

·  FFS on how the scrambling seed is known to discovering UE. Identification through sequences, such as DMRS or the discovery preamble (if possible) can be taken as baseline. 

·  FFS on how UEs select the scrambling seed for discovery message transmission.

· Proposal 2: In-coverage UEs apply the CP length of its serving cell for D2D discovery and communication. 

· Proposal 3: 
· It is necessary to pre-configure a D2D CP length for out-of coverage case.

· It is beneficial to define an auxiliary method that out-of coverage D2D CP length can be obtained externally, such as from a synchronization source. 

· Proposal 4:  Slot-wise frequency hopping should be applied in D2D discovery message transmission.

· RAN1 should also consider the usage of slot-wise frequency hopping for D2D communications.
· Proposal 5: RAN1 should define the preamble for D2D communications & discovery. 
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