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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 agreed already within RAN1, the following scenarios are to be considered for D2D operation:

· Within network coverage

· Out of network coverage

· Partial network coverage.

It has been agreed that out of network coverage and partial network coverage are related to only the public safety use case. Furthermore, it was agreed at RAN#61 to focus on broadcast type E-UTRA communication in the out of coverage scenario with the highest priority. Since broadcast by definition does not assume knowledge of recipient’s proximity, D2D discovery is not a prerequisite for broadcast communication and therefore not part of a broadcast procedure. Therefore, our focus in this document is on the D2D discovery in the presence of network coverage, although we in some parts of the document consider also suitability of design alternatives in case of out of network coverage. From physical layer design of view, power efficiency of D2D discovery is essential. 
Some agreements were reached in RAN1 #74 on proximity discovery of UEs served by a different cell:

· For inter-cell discovery, synchronous and asynchronous cells deployments should both be studied

· The following two options for inter-cell discovery can be considered, including their potential applicability in different scenarios

· By directly or indirectly achieving information about the other cell synchronization reference timing 

· By decoding/detecting asynchronous discovery messages/signals without necessarily prior knowledge of the associated message/signal’s synchronization

In section 2, we discuss the general discovery signal design followed by resource allocation considerations in section 3. In Section 4, we discuss suitability of the options in synchronized and asynchronous networks and their consequences on UE power consumption.

2
D2D Discovery Signal Design
2.1
Discovery Signal Structure
In [2], proximity detection and UE identification are identified as necessary functions in order to meet the requirements of general D2D discovery. Based on the required functions of discovery signal, two potential discovery signal structures were discussed in [2]: Sequence only and Sequence + Message.
It is observed in [2] that both structures can achieve the identified required functions for D2D discovery. 
· For the structure of sequence only, there could be a mapping relationship between the discovery related information (e.g. UE identity) and the sequence (code) and/or the frequency/time resource where the sequence is transmitted. It may not be feasible to maintain in each UE the mapping relationships of other UEs, which means that identification based on the received sequence would always require requesting additional information from the network. Therefore, this option is more suitable for cases of with network coverage. 
· For the structure of sequence + message, necessary information for discovery can be carried by the message part. Thus, it is possible to reduce the signalling overhead/exchange for the overall discovery procedures. This will result in lower power consumption for discovery procedure, which is an important design goal for both general and public safety use cases. Moreover, this option can be equally applied for all cases – with/partial/without network coverage.  

Considering the benefits of the sequence + message structure and the benefits of having a common solution for within, partial and out-of network coverage case are most preferable, we suggest the D2D discovery signal to be based on the sequence + message structure. 
Proposal 1: The D2D discovery signal design should be based on the sequence + message structure enabling a unified solution for different level of network coverage.  
2.2 Discovery Signal Design
As suggested in [3], we propose that SC-FDMA will be used for D2D communication. It is preferable to assume that D2D discovery and communication should use the same modulation scheme, thus we further suggest that: 
Proposal 2: SC-FDMA is used for D2D discovery signal transmissions.  
In the following, we will discuss how to design discovery signal for sequence + message structure based on SC-FDMA. 

Discovery sequence 
As the major function of D2D discovery is UE proximity detection, discovery sequences with good auto-correlation and cross-correlation are the most suitable candidates. Besides, as coverage is important for D2D operation in PS use cases, D2D signals with a low peak-to-average power ratio should be selected. Well-known Zadoff-Chu (ZC) sequences can satisfy the above requirements, and are widely used in current LTE system already. Hence, it is also preferable to re-use parameter values based on existing LTE ZC sequences, such as SRS/PRACH/PSS. But the exact parameter values need further investigation.   
Proposal 3: Zadoff-Chu (ZC) sequences to be used as discovery sequence. The exact ZC sequence parameter values are FFS.
Discovery message
The discovery message part may carry also some information on physical layer procedures/physical procedure related information. As an example, with cluster type of operation UE can benefit from identifying the presence of a cluster head, which might assist communications in the area by providing a timing reference and eventually resource allocations. Details of the related signaling exchanges between UE and cluster head are FFS, and hence when studying possible content of message part, RAN1 and RAN2 need to take into account the potential utilization of discovery message for physical layer procedures, in order to avoid overlap of the work done in the different RAN WGs. 

Observation 1: In case that some physical layer related information should be carried in the message part of the discovery signal, this might create an overlap of the respective RAN1 and RAN2 studies, which should be avoided. 
As discussed in RAN1#74, the actual discovery message size will depend on RAN2 input and 104 bit is used as the initial assumption for evaluation purpose. However, if the size of message is not fixed, it will either require the UE to perform blind decoding of the message size or requires the definition of an additional message header, which either leads to an increase UE side complexity or increased standardization efforts to design the discovery message.  
Observation 2: A variable discovery message size leads to either a higher UE complexity due to the blind message size decoding or increased discovery message standardization efforts due to an additionally needed message header.
In case specific demodulation reference signals are needed for the decoding of the SC-FDMA discovery message part the multiplexing can only be done in a TDM manner, as in the current PUSCH design. Alternatively, the discovery sequence could provide the demodulation reference for decoding the discovery message part without the need of having an additional time-multiplexed demodulation reference signal. For this function, the discovery sequence signal needs to overlap sufficiently in frequency with the message part and the time separation from the sequence to the end of the message should be small compared to the channel coherence time. Furthermore, the frequency offsets due to the allowed 0.1 ppm synchronization errors of UEs should be considered unless it can be assumed that those can be estimated from the sequence. 
Proposal 4: Using the discovery sequence as demodulation reference for the discovery message should be considered.
Physical layer discovery procedure
With the sequence + message structure, a 2-step discovery procedure seems a natural way for discovery signal detection
· Step-1: Discovering UE  search the discovery sequence; only if discovery sequence is detected, discovering UE will go to step-2;
· Step-2: Discovering UE decodes the message part.

With this 2-step procedure, pre-defined time-frequency resource relationship between discovery sequence and message is suggested: The discovery sequence is first in time followed by the discovery message. In Fig.1, one example is given to illustrate this design option. 
Proposal 5: Discovery signal should be designed such that discovery sequence is followed in time by the discovery message, including a pre-defined relationship between time-frequency resources for discovery sequence and discovery message part. The details of this time-frequency relationship are FFS.
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Fig.1 One example of discovery signal design

3
D2D discovery resources 
3.1 Discovery resource allocation

The requirements and needed functions for D2D discovery are both quite different from cellular operation. When considering D2D discovery resources within network coverage, it is reasonable to assume that discovery resources in a cell are reserved semi-statically in order to control potential interference between D2D and cellular transmissions. In this section we discuss how a UE selects or gets its resource from the overall discovery signal resources available in a cell.
When considering resource allocation methods for connected mode UE and idle mode UE, it must be acknowledged that connected mode UE can be known by eNB at cell level while eNB is not able to track idle mode UEs, which may lead to different resource allocation methods. The resource allocation methods for connected mode UE and idle mode UE are therefore discussed separately.
Resource allocation for connected mode UE   
To discuss D2D discovery resource allocation for connected mode UE, one important question is that whether eNB has sufficient independent D2D discovery resources for all connected mode UEs. If this is the case, then it would be most efficient for the eNB to assign UE specific radio resources for RRC_Connected mode UEs discovery signal transmission. 
In case a D2D discovery resource re-use is needed, two alternatives for discovery resource re-use can be considered:

· Alt-1: Based on eNB decisions
eNB can configure or re-configure the allocated D2D resources according to e.g. radio resource re-use conditions. For example, D2D UEs which are far away from each other can be configured to re-use the same radio resources to reduce the required resources and hence increase the spectral efficiency. With this kind of operation, the potential impacts to eNB operation need further studies.
· Alt-2: Based on UE decisions
In case a contention based discovery transmission scheme is utilized including possible collision, resource re-use can be achieved by UE autonomous selection of the discovery transmission resource. For this option more advanced schemes with different UE behaviours trying to prevent collisions would need to be studied further. 
Resource allocation for idle mode UE   

As eNB cannot track the location of the UEs in RRC_Idle mode, it is not feasible for eNB to coordinate UE specific resources for idle mode UE in cell level.  We see three potential ways to allocate discovery resource for idle mode UEs.

· Opt-1: User-specific semi-static resource allocation
For user-specific semi-static resource allocation the discovery resources can be configured by eNB, e.g. via RRC signalling. In this case the paging cycles determine the time scale in which resources can be re-configured by the network, unless special signalling and corresponding UE behaviour is defined for this purpose. Given that the network cannot know for sure in which cell the idle-mode UEs are located, the user-specific semi-static resource allocation for idle-mode UEs need to be coordinated at tracking area level. It should be further noted that user-specific semi-static resource allocation is only workable in case that sufficient resources are available for all idle mode UEs.
· Opt-2: UE selecting resource randomly from the available discovery resources
For this option, the UE can randomly select its resource for discovery signal transmission within the available discovery resources (that might be semi-statically configured). This kind of random selection also means random Tx/Rx opportunity selection (we will discuss this in section 3.3), which is helpful for having equal discovered probability for idle mode UEs. However, resource collision cannot be avoided. It should be further noted that such random selection must be within a range of available discovery resources which is dedicated used by idle mode UE discovery and decided by eNB.
· Opt-3: Contention based resource allocation like CSMA within the available discovery resources
For this option, UE will first hear or detect if there are any vacant resource for discovery within the available discovery resources (that might be semi-statically configured). Then UE will send its discovery signal on the identified vacant resource. Similar as option-2, resource collision cannot be avoided and resource selection should also be within a range decided by eNB.
The alternatives listed above for connected mode and idle mode UEs present different trade-offs in robustness of discovery mechanism, complexity at network and UE sides and overall performance of discovery mechanism, and hence they need to be further studied. It is also important to take into account that in case different procedures are used for connected mode and idle-mode UEs, those should not be conflicting with each other. This situation can appear, for example in case coordinated resources are assumed for connected mode UEs while idle-mode UEs are using contention based scheme, or vice-versa using the same pool of available discovery resources.   
Observation 3: Different approaches for resource allocation for connected and idle-mode UEs have different trade-offs in terms of robustness of discovery mechanism and complexity at network and UE sides. Potential conflicts of the resource allocation schemes for connected mode and idle mode UEs need to be carefully considered. 
3.2 Power settings for D2D Discovery 

Another important aspect relating to resource allocation is power setting for discovery signals.
For the case of with network coverage, eNB can set proper discovery signal power or at least maximum power according to the environment, usage of discovery signals, to control the discovery signal coverage with following considerations:
· Better UE power saving

As there is tradeoff between UE transmitting power 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 
For out-of network coverage case, the maximum transmit power or different levels of transmission power can be specified, for example, according to different range class as mentioned in TS 22.278 [4] and TR 22.803 [5] for D2D UE.

Proposal 6:
· For the cases of with network coverage, proper transmitting power of discovery signal shall be set when discovery resource is allocated or selected. 
· For out-of network coverage case, maximum transmitting power or different levels of transmitting power should be specified.
3.3 D2D discovery Tx/Rx pattern
It is agreed that D2D UEs work in a half-duplex manner, i.e. a device transmitting its discovery signals is not able to detect discovery signals from other UEs at the same time. It can be observed that D2D discovery resource allocation and Tx/Rx patterns are actually linked with each other. Assuming a D2D UE is assigned /or selects certain time resources to transmit (Tx opportunity) discovery signals, this UE is only able to detect (Rx opportunity) on other time resources where D2D discovery is allocated. 
Observation 4: Tx/Rx discovery pattern is determined in a way that a D2D UE transmits the discovery signal on the assigned /or selected certain subframes, while the UE is able to detect on the other SFs where D2D discovery signals are transmitted.
4         Inter-cell Discovery
As explained in the beginning of Section 3.1, we assume that the discovery resources in a cell are reserved semi-statically and the reservation is signalled to the UEs participating in D2D discovery. In order to discover other UEs in the same cell, a UE, e.g. in DRX mode, would know, based on system information, when to wake up for the search, which would minimize the battery power consumed for discovery. Similar knowledge of the timing of the discovery resources in the neighbouring cells would be beneficial for efficient search with minimized battery power consumption. 

A few methods are available for UEs to know the timing of the discovery resources in the neighbouring cells. The simplest way from UE point of view is that the network signals the timing information on the resources in the neighbouring cells. This is obviously straightforward within a synchronized network but could be applied also with rough cell timing knowledge based on e.g. network or precision time protocol. To cover different network synchronization alternatives, the information on the timing of other cells’ discovery signal resources may include also the accuracy of the information. If only rough timing of the resources is available, it would be beneficial if the pool of discovery resources consisted of groups of resources within a number of subframes, the groups being separated by a number of radio frames. The accuracy, compared with the time separation of the resource groups, would determine the search effort and related energy saving achieved with the timing information. Although it could be that networks could typically provide timing information with useful accuracy, such information might not be always available. Therefore, also other means than network signalled information may have to be considered. 

Another method is that UEs synchronize to the other cells and read the timing information for the discovery resources from the other cell’s system information. UEs may always try to use this method besides other methods but this can hardly be acceptable as the only solution, as it would mean for UE the decoding burden of multiple system information and would provide a too limited detection range as UEs could be able to detect discovery signals across cell borders even when they are not able to read the system information from the neighbouring cell. Some savings in searching could be obtained even without reading the system information just by detecting the frame timing if discovery resources appeared only in certain subframes of a frame. We consider all the methods that are based on neighbour cell’s DL signals only subsidiary.

Based on the above discussion, it seems that, in some situations, direct detection of UE signals is the only possible way of finding the discovery signal timing in other cells. In principle, the sequence + message structure introduced in Section 2 would provide the potential on such direct detection because the sequences can be searched efficiently. After UE has detected one discovery signal from other cell, the search windows for other discovery signals in that cell can be limited. The opportunities for such limitation depend on the possible configuration of discovery signal resources, and it should be taken into account in the design, in case this approach is assumed for detection of discovery signals from neighbouring cells. An additional synchronization signal, transmitted separately from the actual discovery signals, could also be considered especially for the case of asynchronous networks. 
Proposal 7:
· Do not assume listening of neighbour cell’s system information as a pre-requisite for inter-cell discovery.

· Discuss on networks ability to provide (accurate) information on the discovery resource timings in other cells. If discovery without proper timing information is needed, study further whether it can be based on the sequence parts of the signals without any additional timing synchronization signal transmitted by UEs.     
5         Conclusion

In this contribution, we discuss various aspects of the D2D discovery. 
Regarding the discovery signal design, we have the following observations and proposals:
Proposal 1: The D2D discovery signal design should be based on the sequence + message structure enabling a unified solution for different level of network coverage.  

Proposal 2: SC-FDMA is used for D2D discovery signal transmissions.  
Proposal 3: Zadoff-Chu (ZC) sequences to be used as discovery sequence. The exact ZC sequence parameter values are FFS.
Observation 1: In case that some physical layer related information should be carried in the message part of the discovery signal, this might create an overlap of the respective RAN1 and RAN2 studies, which should be avoided. 
Observation 2: A variable discovery message size leads to either a higher UE complexity due to the blind message size decoding or increased discovery message standardization efforts due to an additionally needed message header.
Proposal 4: Using the discovery sequence as demodulation reference for the discovery message should be considered.
Proposal 5: Discovery signal should be designed such that discovery sequence is followed in time by the discovery message, including a pre-defined relationship between time-frequency resources for discovery sequence and discovery message part. The details of this time-frequency relationship are FFS.
Regarding discovery resource, we have the following observations and proposals:
Observation 3: Different approaches for resource allocation for connected and idle-mode UEs have different trade-offs in terms of robustness of discovery mechanism and complexity at network and UE sides. Potential conflicts of the resource allocation schemes for connected mode and idle mode UEs need to be carefully considered.
Proposal 6:
· For the cases of with network coverage, proper transmitting power of discovery signal shall be set when discovery resource is allocated or selected. 
· For out-of network coverage case, maximum transmitting power or different levels of transmitting power should be specified.
Observation 4: Tx/Rx discovery pattern is determined in a way that a D2D UE transmits the discovery signal on the assigned /or selected certain subframes, while the UE is able to detect on the other SFs where D2D discovery signals are transmitted.

Regarding inter-cell discovery, we have the following proposal:

Proposal 7:
· Do not assume listening of neighbour cell’s system information as a pre-requisite for inter-cell discovery.

· Discuss on networks ability to provide (accurate) information on the discovery resource timings in other cells. If discovery without proper timing information is needed, study further whether it can be based on the sequence parts of the signals without any additional timing synchronization signal transmitted by UEs.     
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