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1
Introduction
How to support LTE device to device for proximity service has been discussed for several meetings in RAN1 since the approval of SI [1]. According to the scope of the SI, the two main topics need to be investigated in RAN1 are discovery and communication. Furthermore, as already agreed within RAN1, the following scenarios are to be considered for D2D operation:

· Within network coverage

· Out of network coverage

· Partial network coverage.

From physical layer design of view, how to design discovery signal in case of within & out of network coverage is essential for efficient D2D discovery. 
2
D2D Discovery Signal
2.1
Functions of Discovery Signal
In case of within NW coverage, there are two primary functions of D2D discovery signals:

1. Proximity detection

· UE can be aware of the existence of other nearby D2D enabled UEs. 

2. UE identification 

· The discovery signal carries information for UE identification.  The information may allow the UE to identify directly another UE or the discovering UE may send the information to the network for getting identification of another UE.
In case of partial or no NW coverage, besides the above two functions, the following additional functions could be considered as well:

· Synchronization

As discussed in [2], synchronization is the prerequisite for D2D operation and discovery may be generally assumed to be the first step of D2D operations, for example for unicast D2D communications, and hence it is a natural way to provide synchronization function with discovery signal.   
· D2D CSI estimation

For the case of out of NW coverage, the purpose of discovery is generally assumed to be for communications. Then in the D2D discovery stage, it would be beneficial if the UE could roughly estimate on the CSI in order not to try to start communication over a too weak channel, especially if the D2D discovery range is much larger than the D2D communications range.  Rough CSI information would be beneficial in partial coverage case if a UE needs to be relayed for getting network connection. In this case UE might be able to discover several UEs that could act as relays and CSI could be a criterion for selecting the relaying UE. In addition, the rough CSI information could be utilized as one possible criterion of communication mode selection for the cases of within NW coverage. 
The above discussion indicates that the functions required for within NW coverage are a subset of functions for out of NW coverage.  
Observation 1: In addition to the two primary functions of discovery, i.e. proximity detection and UE identification, rough CSI estimation in general and D2D synchronization for out of network coverage or partial network coverage should be enabled in the discovery process.  
2.2 Discovery Signal Structure
In our previous D2D discovery paper [3], two fundamental structures: Alt-1, Sequence only; and Alt-2, Sequence + Message are identified, which will be discussed here in more details for within and out of NW coverage cases. 
Alt-1: Sequence only
With this alternative, all information required for D2D discovery in physical layer is supposed to be given by the sequence (code) itself as well as the frequency and time resource(s) it is transmitted. There could be a mapping relation between the discovery related information and the sequence (code), the frequency and time resource the sequence is transmitted. If such mapping relation is known by NW or by discovering UEs, discovering UE can recover the information by detecting the sequence (code) in a certain frequency and/or time resource. For within NW coverage case, different UE ID can be mapped to different sequences (code), frequency and/or time resource, and the discovering UE can obtain the detected UE ID by reporting the detected sequence (code) and /or frequency and/or time resource and checking with NW. Some specific sequence (code), frequency and/or time resources can also be configured for particular usages, e.g. indicating a service provided by a UE.  For out of NW coverage, (in the absence of time synchronization) some sequence (code) and frequency resources can be preconfigured for usages or users,   and if such sequences (codes) are detected, proximity discovery for those specific usages or users is achieved. 
As it is most convenient to maintain the mapping relation in the NW side such as in the eNB, this option is more suitable for the cases with NW coverage, where the mapping relation can be maintained by eNB or informed to the UE via regular cellular connection.  For out of coverage case, the mapping relation may be maintained by the head of cluster. 
Observation 2: The discovery signal structure with sequence only could be used for the cases with and without NW coverage. The mapping relation between the discovery related information and the sequence (or code), the frequency & time resource over which the sequence is transmitted could be maintained by eNB/cluster head or pre-configured. 
Alt-2: Sequence + Message
For this structure, part of the discovery related information is conveyed by an additional message part. For out of NW coverage case, if the message part can provide UE identity and D2D services related information, some signaling exchange between the two UEs or between the UEs and head of cluster can be simplified; otherwise, D2D discovery between two UEs may involve iterations of handshaking procedures, as pre-configured UE or UE group specific code/sequence and frequency resources is not a sensible option. 
For within coverage case, inserting UE identification into the message part can also bring some benefits. For example, in case with Alt-1, if eNB reconfigures the radio resource for a UE to send discovery signal, other discovering UEs do not have any means to know whether it is the same previously identified UE or not, which may trigger unnecessary signaling with the eNB. In this case, with the discovery signal structure of sequence + message, such unnecessary signaling can be avoided because discovering UE can identify the discoverable UE through the message directly. 

Considering scenarios within & out-of NW coverage case, it is observed that message part can bring benefits on reducing overhead as signaling exchanges for UE discovery procedures might not be required.  From L1 perspective, for out-of or partial coverage case, it may also be beneficial to include SYNC related information into the message part as we discussed in [2].  
Observation 3: Message part in the structure of sequence + message can bring benefits on reducing signaling exchanges for discovery procedures for within & out of NW or partial coverage case.
With observation 2~3, we see that different structures have different benefits for different use cases. As indicated in observation 1, we further notice that the functions of discovery signal for different use cases are scalable. Therefore, scalable designs for discovery signals can take most advantages considering various requirements for within & without NW coverage cases which leads us to the following proposal
Proposal 1: Discovery signal should be designed to 
1. Take advantage of various requirements for within & without NW coverage; 
2. Use common solution for similar functions of different use cases. 
2.3 Possibility of Reusing Existing LTE Signals
As UL resources have been agreed to be used for D2D discovery, current structures of UL signals are prioritized for potential re-use. 
For the sequence part, to satisfy proximity detection, narrowband SRS or short PRACH could be potential candidates. To satisfy synchronization and CSI estimation for out-of coverage case, reusing wideband SRS or UL DMRS could be considered. 

For the message part, the exact design depends in a large degree on the required amount of information to be included in the message part, which is in scope of RAN2 discussions. Hence, we should wait for clarifications from RAN2 on potential requirements for the message part before taking further design steps. 
Proposal 2: RAN1 should request input from RAN2 on the required amount of information to be included in the message part from high layer point of view.
3
D2D Resources 
3.1 Multiplexing Resources between D2D and Cellular

In case D2D operation shares the band with cellular communications, as observed from TS 22.278 (section 7A.1) that “The effect of ProSe on the E-UTRAN services should be minimized”, it is clear that D2D operation resource allocation for the case of within NW coverage should minimize the impacts to current cellular services.
Considering D2D discovery resources, it should be observed that regular LTE UL A/N, SR and CSI reporting will be severely affected if UL SFs are reserved for D2D operation only because PUCCH in those SFs will not be available. Therefore resources for D2D operation should be allowed to be multiplexed with PUCCH in the same SF. While considering the potential interference from cellular data transmission e.g. due to UE TX in-band emissions [4], further studies are needed on whether D2D resources could be multiplexed with PUSCH in the same SF.
Proposal 3:  D2D resources should be allowed to be multiplexed with PUCCH in the same SF; it is for FFS whether D2D resources could be multiplexed with PUSCH in the same SF.
3.2 D2D Resource Allocation & Power Settings
For D2D operation within NW coverage, it is most efficient for eNB to assign UE specific radio resources for UEs in RRC_Connected mode in a dynamic way. eNB can configure or re-configure the allocated D2D resources according to e.g. radio resource usage status and corresponding proximity conditions. For example, D2D UEs which are far away from each other can be configured to re-use the same radio resources to increase the spectral efficiency. 

However, as eNB cannot track UEs in RRC_Idle mode, it is not feasible for eNB to assign UE specific resource for idle mode UE in a dynamic way. We see two potential ways on resource allocation for idle mode UEs:

· UE specific D2D resources for idle mode UE can be allocated in a semi-static way which means UE needs to connect to eNB when moving from one eNB to another one.

· eNB can assign or idle mode UEs can be allowed for autonomous resource selection for D2D discovery within shared resource assigned by eNB.
Proposal 4: eNB should have the capability of dynamically configuring UE specific resource for RRC connected mode UE discovery; it is FFS on the resource allocation for idle mode UE D2D discovery.
Another important aspect relating to resource allocation is power setting for discovery signals. The eNB could set proper discovery signal transmission power or at least the maximum allowed transmission power according to the environment and the usage of discovery signals in order to control the discovery signal coverage with following considerations:
· Better UE power saving

As there is tradeoff between UE power saving and discovery range, proper limiting the transmission power on discovery signal would be helpful for power efficient discovery
· Avoid potential interference from D2D

This is beneficial for avoiding excessive interference to the cellular UL (in case no coordination with neighbor cell) or re-use of D2D resources 
Proposal 5: Allowed discovery signal transmission power shall be jointly allocated with discovery resource.
3.3 Tx/Rx Pattern of D2D Discovery Signal
It is agreed that D2D UEs work in a half-duplex manner, i.e., a transmitting device does not need to detect discovery signals from other UEs at the same time. Then the D2D TX/RX turns of different devices should vary in a manner that allows each device to have the opportunity to detect the discovery signals from all other devices. 
We see that D2D discovery resource allocation and D2D Tx/Rx patterns are actually linked with each other. Assuming a D2D UE is assigned /or selects certain SF to transmit discovery signals (Tx opportunity), this UE is able to detect on other SFs where D2D discovery is allocated (Rx opportunity).  Therefore, if the D2D resource is allocated by eNB in a UE specific manner, the deterministic D2D Tx/Rx pattern is decided accordingly. On the other hand, if shared resources are assigned to the UEs, random D2D Tx/Rx patterns may be good in order to provide statistical equal discovery opportunities for every pair of devices.  
Proposal 6: D2D resource allocation and D2D Tx/Rx discovery pattern should be jointly considered.
4         Conclusion

In this contribution, we discussed the D2D discovery signal design for within NW coverage as well as partial & out-of NW coverage. We have following observations and proposals:
Observation 1: In addition to the two primary functions of discovery, i.e. proximity detection and UE identification, rough CSI estimation in general and D2D synchronization for out of network coverage or partial network coverage should be enabled in the discovery process.   
Observation 2: The discovery signal structure with sequence only could be used for the cases with and without NW coverage. The mapping relation between the discovery related information and the sequence (or code), the frequency & time resource over which the sequence is transmitted could be maintained by eNB/cluster head or pre-configured. 

Observation 3: Message part in the structure of sequence + message can bring benefits on reducing signaling exchanges for discovery procedures for within & out of NW or partial coverage case.

Proposal 1: Discovery signal should be designed to 
1. Take advantage of various requirements for within & without NW coverage; 
2. Use common solution for similar functions of different use cases. 
Proposal 2: RAN1 should request input from RAN2 on the required amount of information to be included in the message part from high layer point of view
We also discuss the D2D resource related issues for the case D2D operation shares the band with regular cellular communications. We have following proposals:

Proposal 3:  D2D resources should be allowed to be multiplexed with PUCCH in the same SF; it is for FFS whether D2D resources could be multiplexed with PUSCH in the same SF.

Proposal 4: eNB should have the capability of dynamically configuring UE specific resource for RRC connected mode UE discovery; it is FFS on the resource allocation for idle mode UE D2D discovery.

Proposal 5: Allowed discovery signal transmission power shall be jointly allocated with discovery resource.
Proposal 6: D2D resource allocation and D2D Tx/Rx discovery pattern should be jointly considered.
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