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1 Introduction
In the previous RAN1 meeting, channel design for D2D discovery was discussed and some aspects on the discovery channel were agreed including scrambling pattern, DMRS sequence, gap interval, preamble usage. In addition, the following agreements were made on the discovery resource size and type-2b discovery, as follows [1]. 
Agreements:
· If number of information bits transmitted on a discovery resource is not greater than 256 bits a discovery resource consists of 2 or 3 contiguous PRB in frequency and 1 sub-frame without frequency hopping across slots
· FFS: The number of contiguous PRB in frequency, and down selected between “2” or “3”
Agreements:
· For Type 2B discovery: Discovery period is a periodicity of resources used for reception of discovery transmission from a cell
· Multiple discovery periods of different length are possible
Agreement:
· The time-frequency hopping pattern(s) used for type 2B discovery is/are deterministic
· Details to be decided at RAN1#78
In this paper, we further discuss the detail of discovery resource size and type-2b discovery channel designs. 

2 Discovery resource size
The discovery message size has not been decided yet and it seems that the original assumption of 104 bits is too small. Thus, a larger discovery message size up to more than 200 bits may be needed. It was agreed that if the number of discovery information bits transmitted on a discovery resource is not greater than 256, a discovery resource shall occupy 2 or 3 contiguous PRBs in frequency and 1 subframe in time, as mentioned above. The number PRB is to be down-selected between 2 or 3, which is the topic of this section. 
Fig. 1 and Fig. 2 show the link level discovery packet decoding performance with 2-PRB or 3-PRB discovery resources. The simulation conditions are listed in the Annex. We can see that the lower effective coding rate with 3-PRBs brings a performance gain of about 2dB for both fading channel and AWGN channel. Despite this, the 3-PRB size may not be preferable compared with 2-PRB discovery resource size, considering the following aspects: 
· In the discovery procedure (type-1 or type-2b), the discovery packet decoding performance could be enhanced through accumulations of multiple retransmissions of the same MAC PDU (see Fig. 3 below). 

· Due to the time diversity, the successful detection of an announcing UE over multiple discovery periods is much improved (even if soft combining is not used). This makes sense for discovery due to its insensitivity to the delay. 
· Assuming that a fixed transmit power is used (e.g., 23dBm), the 2-PRB transmission has higher per-PRB transmit power than 3-PRB transmissions by 1.76dB. Thus, overall speaking, the 3-PRB transmission only has slight performance gain over 2-PRB case (effective gain about 0.7dB). 

· Given the limited size of the discovery resource pool, the 3-PRB resource size will lead to a smaller number of available discovery channels. 

Based on this, we propose:
Proposal-1: If the number of information bits transmitted on a discovery resource is not greater than 256 bits a discovery resource consists of 2 contiguous PRBs in frequency and 1 subframe without frequency hopping across slots. 
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Figure 1: Link level performance of discovery packet with fading channel (256 information bits, 23dBm transmit power assumed)
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Figure 2: Link level performance of discovery packet with AWGN channel
3 Type-2b discovery channel design

As discussed and defined in previous meetings, in type-2b discovery the discovery resource is allocated on a per-UE basis semi-statically. This means that the involved UEs shall have RRC connections with the eNBs. 
Since type-2b discovery resource allocation is on a per-UE basis, intra-cell collision can be avoided and thus the interference on the type-2b resource could be controlled well. As a result, it can be imagined that the type-2b discovery has a better service quality than that of type-1 discovery. 

Since the type-2b discovery UEs are in the RRC_Connected state, the eNB can have tight control of the UE behaviour  and the UE has the TA information for transmit timing control. These properties facilitate intra-subframe frequency multiplexing of the type-2b discovery transmission with cellular transmissions. 
Motivated by the above considerations, we propose the following type-2b discovery channel design: 

Resource configuration:

The type-2b subframes could be distributed in the configured discovery resource pool (which includes type-1 and type-2b subframes), as shown in Fig. 3. The benefits of such a type-2b resource configuration are as follows:
· For type-2b packet transmissions, the time diversity through the repetition transmissions of type-2b discovery packet could be readily obtained.
· In the configured type-2b discovery subframes, cellular transmissions could be frequency multiplexed with the type-2b transmissions. Thus, the interleaved arrangement of the type-1 and type-2b discovery resource provides the opportunities that some latency-intolerant UL cellular transmissions could be scheduled in these type-2b subframes during the time of the configured D2D resource pool (which may span tens to more than one hundred subframes depending on specific configurations). 
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Figure 3: illustration of resource configuration for type-2b discovery
Proposal-2: the type-2b discovery resources are distributed in the configured discovery resource pool. 

Time-frequency hopping pattern:

Here, we assume there are 16 type-2b subframes configured within the discovery resource pool and describe a time-frequency hopping pattern. Note that other numbers of type-2b subframes are also possible and can be dealt with in a similar way. 

Several principles are considered in designing the time-frequency hopping pattern, as follows:
· Each pattern contains multiple (re)transmissions of the discovery MAC PDU, as per the definition for the type-2b discovery.
· The multiple transmissions are distributed in time and frequency to acquire the diversity gains. 

· The time-frequency hopping pattern shall address the half-duplex constraint and near-far effect to a large extent, which means one type-2b discovery transmitter could discover other type-2b discovery transmitters. 
· The time-frequency hopping pattern shall be scalable with the total number of allocated type-2b discovery transmission resources such that the unallocated resources within the type-2b subframes could be readily used by the UL cellular transmissions.
With the above principles in mind, the time-frequency hopping pattern for type-2b discovery is defined as follows, which is similar to the RPT in D2D communications [2]. 
· In the time domain, the 16 type-2b subframes are evenly divided into 8 groups, as shown in Fig. 4. It is assumed that each pattern contains 4 transmissions, occupying different subframes. Thus, each pattern can be identified by a combination of two (row) indices, one for the order-8 Walsh matrix (W8 and W8’) and the other for the order-4 Walsh-like matrix (W4 and W4’), with the four matrices defined as shown below. Here, “+1” and “-1” in W8 and W8’ indicate transmitting and receiving, respectively, for the subframe group and “0” and “1” in W4 and W4’ indicate transmitting in the first subframe and second subframe within the subframe group, respectively. For example, the pattern highlighted in Fig.4 can be denoted by 6th-row of W8’together with the 3rd row of E4 using the matrices shown in Fig.5, expressed as (6’,3). 
· In the frequency domain, the defined patterns by all combinations of the used row indexes of W8/W8’ and W4/W4’ are mapped to orthogonal resources within the 16 type-2 subframes, with the frequency hopping integrated. All the available patterns are organized in the channel mapping matrix P as shown in (1). Note that we assume the type-2b discovery logical channels are indexed column by column as per the matrix P, e.g., the 5th-logical channel is the transmission pattern (2,2). The total number of logical type-2b channels is 12*8=96 (if the 5th-row of W8/W8’ is used, the total number is 14*8=112). Since each column of P can exactly fit the physical resources of one discovery channel (e.g., 2-PRB) over all the 16 subframes, we can perform the following two steps to accomplish the mapping and hopping in frequency. 
· Step 1: mapping: map the transmission patterns in the matrix P column by column to the outermost available resources at both ends of the carrier. For instance, the four patterns of the first column of P are mapped to the lowest-frequency discovery channel (excluding resources for PUCCHs or cellular PUSCH), then four patterns of the second column of P are mapped to the highest-frequency discovery channel (excluding resources for PUCCHs or cellular PUSCH), then map the third column to the most negative discovery channel (excluding resources for PUCCHs and already mapped patterns), and so on. 
· Step 2: hopping: after the mapping of each column pair, according to specific hopping pattern, e.g., [0,0,1,1,0,0,1,1] with each element corresponding to one type-2b subframe group, exchange the mapping of the two column patterns (1 means exchange while 0 means do not exchange). 
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Figure 4: illustration of type-2b subframe grouping
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Figure 5: The used four matrices used to define the type-2b discovery resource patterns. Note the first row of W8/W8’ is not used, and the 5th-row may or may not be used. 
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(a) after mapping of first column pair
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(b) hopping after mapping of first column pair
Figure 6: Illustration of the mapping and hopping
Note that the pattern definition in the time domain based on the Walsh matrix fulfils the first three principles mentioned above. The mapping and hopping in the frequency domain considers the fourth principle and uses a PUCCH-like method. That is, the mapping and hopping aim to avoid fragmenting the carrier spectrum, thus facilitating cellular transmissions that are multiplexed with the type-2b discovery in frequency. Additionally, an important feature is that with the mapping scheme above, the actual type-2b discovery resources only depend on the actually allocated type-2b channels, instead of the configured type-2b resource pool. Thus this scheme has a good scalability. 
Guideline for the type-2b channel allocation:
In applications, the eNB allocates the type-2b logical channels sequentially in order of logical channel index based on the channel mapping matrix of P, as mentioned above. To facilitate the receiving of the type-2b discovery packets, the eNB can broadcast the maximum allocated type-2b logical index to all the potential receivers, such that the receivers in this cell only need to detect the type-2b transmissions with equal or lower logical channel indexes. 
In case of synchronous deployment of multiple cells, a simple inter-eNB coordination could be performed to facilitate inter-cell type-2b discovery. For example, the channel mapping matrix P is left-cyclically shifted by a number of column-pairs to act as the channel mapping matrix for the adjacent cell. In this way, inter-cell discovery could be facilitated due to the property of the Walsh matrix. 
Based on above discussions, we have

Proposal-3: type-2b discovery resource applies the mapping and hopping scheme shown in Figs 4 – 6. 
4 Conclusions
In this paper, we discussed some aspects of the D2D signal channel design, focusing on the discovery channel size and type-2b discovery resource configuration and mapping.
For the discovery channel size, we have the proposal
Proposal-1: If number of information bits transmitted on a discovery resource is not greater than 256 bits a discovery resource consists of 2 contiguous PRB in frequency and 1 sub-frame without frequency hopping across slots. 
For type-2b discovery, we have the following proposals

Proposal-2: the type-2b discovery resource is distributed in the configured discovery resource pool. 
Proposal-3: type-2b discovery resource applies the proposed mapping and hopping scheme. 
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Appendix

Link level simulation conditions

	Parameters
	Values

	Discovery message size
	256-24 bits 

	CRC size
	24 bits

	Discovery resource unit
	2 PRB-pairs or 3 PRB-pairs, each including 2 RS symbols and 11 data symbols.

	Discovery detection
	Soft combining

	Turbo coding
	Different RVs used for different transmissions. 

Decoding algorithm: MAX-Log-MAP, 

Number of iterations: 8

	Antenna numbers
	1 TX and 2 RX

	Fading channel
	SCM UMi with dual mobility, 3kmph

	Channel estimation
	LMMSE estimator

	SNR
	Per-subcarrier SNR
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