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1. Introduction
In the D2D session of the RAN1#75 meeting, several contributions on D2D discovery signal and message design details were treated and discussed [1-4]. We had a working assumption regarding open and restricted discovery that:
Working assumption

· Open and restricted messages are undistinguishable in the physical layer if open and restricted messages have a same size
The basic structure and relationship between sequence and message were also discussed but no conclusion was achieved.
In this contribution, we further share our views on more detailed D2D discovery signal (DS) design options. 

2. Discussion and analysis
2.1. Separate or compact Discovery Sequence + Message structure
As noted in [2], currently two basic choices for Discovery Signal structure are “separate” and “compact” designs. In this section we provide our views on the comparison of these two approaches:
· Separate DS design: Discovery sequence and discovery message can be designed separately to achieve optimal performance. Discovery sequence and discovery message can occupy different amount of bandwidth. Because the receiver detects the discovery signal blindly, it is important to reduce the overhead of the blind detection. Discovery sequence can be designed with a fixed bandwidth, possibly wider than the bandwidth of the discovery message, in order to provide better detection performance. It is also easy to multiplex the discovery sequences of different UEs.  The discovery sequence can also serve the function of AGC training and frequency/time offset estimation at the receiver. The detection sequence can carry an indicator for the discovery message (including RB resources, message format, etc), making the discovery message more flexible and reducing the detection complexity of the UE receiver. The discovery message can potentially have a different bandwidth than the discovery sequences in order to meet the need for reliable detection under different scenarios. Using the discovery sequence as an indicator for the discovery message provides this flexibility without increasing the blind detection complexity at the UE.
· Compact DS design: The discovery sequence is integrated into the discovery message, possibly reusing the DMRS. This reduces the resources usage and also reduces the scope of the specification change. If the receiving UE can resolve the AGC and synchronization issues, and has some pre-knowledge of the resource allocation, a compact discovery signal design offers the lowest overhead and lowest detection complexity. The DS sequence can be used for channel estimation and demodulation for the discovery message. It also has lower detection latency.
The pros and cons of these two options are listed in Table 1 below:
Table.1 Comparion of the separate and the compact Discovery Signal structures
	DS structure options
	Pros
	Cons

	Compact Discovery Sequence + Message structure (Figure.1)
	· Less resource needed for discovery signals
· Shorter discovery latency

· Discovery sequence doubles as DMRS, and offers better demodulation performance.

· Low complexity if with ideal synchronization and pre-knowledge of resource allocation 
· Less standardization effort
	· Discovery sequence occupies the same bandwidth as the discovery message, limiting the sequence detection performance.
· Search of discovery message cannot benefit from discovery sequence. 
· Potentially large search space for discovery signal, incurring larger power consumption for receiving UEs
· Difficult to multiplex discovery messages from multiple UEs
· Separate solution for AGC training and synchronization needed

· Lack of flexibility when supporting Idle-mode UEs and out-of-coverage UEs

	Separate Discovery Sequence + Message structure (Figure.2)
	· Discovery sequence and message can occupy different amount of bandwidth, respectively optimized for sequence detection and message decoding performance.
· Discovery sequence can carry an indicator for the discovery message (resource, format, etc), allowing flexibility of the message
· Low search space for discovery sequence and message, reducing receiver UEs power consumption

· Ease of multiplexing of discovery sequences from multiple UEs
· Sequence can be used for AGC training and frequency estimation
	· More resource needed for discovery signals
· Larger discovery latency

· DS sequence cannot be used as DMRS

· More standardization effort needed for separate sequence and message design



To summarize, the separate discovery sequence and message option offers more flexibility and better performance in terms of detection reliability and UE power consumption. These benefits outweigh the downside of slightly larger resource usage and longer latency, which is well worth the extra standardization effort.  Hence we conclude separate discovery sequence and message design is a better solution and should be adopted.
Proposal 1: Separate Discovery sequence and message design should be supported.
Current downlink/uplink sequences/signals or preambles could be considered as candidates of Discovery sequence. As mentioned in [5], PSS and PRACH should be firstly considered due to the benefits of easier operation and reusing receiver /transmitter processing. 
Different signal structure and sequence length could meet different discovery range and load requirements. Since discovery signal shall be carried by UL spectrum, the resource mapping should be carefully studied. There are possibilities that discovery sequence may collide with current cellular UL signals (e.g. SRS, DMRS) or UCIs, and the impact of such collision should be carefully studied.
Proposal 2: Resource mapping of discovery sequence should be further studied to avoid serious impact to cellular UL signals.
Sequence could also serve the function of message resource indication, which further enhances the flexibility of resource allocation. This is of great efficiency to reduce complexity of receiver.
Proposal 3: Discovery sequence could be used to indicate corresponding message RB location.
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Figure.1 Examples of compact sequence + message structure
[image: image2.emf]f

DS Tx period

PUCCH

PUCCH

f

t

DS Tx period

PUCCH

PUCCH

(b)

f

t

DS Tx period

PUCCH

PUCCH

Discovery 

sequence(s)

Discovery 

message(s)

(c)

t

(a)

Figure.2 Examples of separate sequence + message structure
2.2. Synchronous VS asynchronous discovery
To further alleviate the power consumption of the transmitters and interference, asynchronous D2D discovery could be considered. The agreed synchronization procedure could be reused that before starting to transmit D2D discovery signal, a UE scans for discovery signals from other UEs. Certain UEs with authority or request from upper layer shall trigger the initial DS transmission. Asynchronous discovery has the following advantages over synchronous discovery procedure (UEs are supposed to transmit or receive DS periodically following certain time domain patterns):
· Due to the D2D UE half-duplex restriction, the DS transmissions from D2D UEs need to be staggered in the time domain as much as possible, since fixed and well aligned transmission pattern would limit the opportunities for UEs to detect each other. Asynchronous DS transmission procedure is capable to avoid this issue naturally. Compared with synchronous discovery, it takes limited degree of network coordination to achieve orthogonality between UEs. When the UEs are out of network coverage, it is natural to allow the UEs to transmit DS autonomously following some random pattern to achieve pseudo-orthogonality or probabilistic detection.
· When supporting large number of UEs capable of ProSe[6]), synchronous discovery performance may suffer from severe interference. 

· Scanning before transmitting could largely reduce the overall power consumption of transmitters.
Proposal 4: Asynchronous discovery should be supported.
3. Conclusion
In this contribution, we share our views on D2D discovery signal and procedure. Basically, our proposals are summarized as:

Proposal 1: Separate Discovery sequence and message design should be supported. 
Proposal 2: Resource mapping of discovery sequence should be further studied to avoid serious impact to cellular UL signals.

Proposal 3: Discovery sequence could be used to indicate corresponding message RB location.
Proposal 4: Asynchronous discovery should be supported.
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