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1 Introduction
In RAN1-76bis, the following agreements were reached on D2D discovery [1]. 

For discovery only:
· At least if message is not smaller than 104 bits, CRC is 24 bits
· Message scrambling is independent of any ID of the transmitting UE.
Gap

· At least for UEs which are not out-of-coverage, the size of the gap agreed in RAN1#76 for both communication and discovery is 1 symbol at the end of every D2D transmission which does not use uplink timing advance
· FFS whether a “D2D transmission” can in some cases be considered to have a duration of more than one subframe, and if so, in which cases.
· Gap is created by puncturing
· There is no explicit signalling of the presence/absence of the gap
CP length

· If the transmitting UE is in-coverage, the CP lengths for D2D signals and cellular traffic are independently configured

· D2D CP length is set by common higher layer signaling

· FFS whether the SA, D2D data and D2DSS may use different CP lengths
· FFS which CP length to use /how to configure it if the transmitting UE is not in-coverage

· The impact on cellular traffic of using a different CP length for D2D should be minimised.
In this paper, we discuss the D2D discovery channel format and the hierarchical discovery period structure. 
2 D2D discovery signal channel format
As agreed in RAN1-74bis, the channel that carries the discovery message reuses the PUSCH structure. We discuss some specific aspects below.
Preamble:

The discovery preamble was discussed in the previous meeting.  The potential purposes of the preamble include AGC setting and channel estimation assistance for data demodulation. We think that a preamble is particularly needed for facilitating AGC setting in order to cope with the potentially dramatic received power variations subframe by subframe and between different users. The details of the preamble design are discussed in a companion proposal [2]. 
DMRS:

As in PUSCH, in each discovery subframe, two DMRS symbols should be used to enable channel estimation and coherent detection for the discovery packet. There are two options for setting the DMRS sequence

· Option 1: the DMRS sequence used by the discovery message is determined by the physical layer SS ID. In this case, the UEs that camp on different cells generally use different DMRS sequences. 

· Option 2: the DMRS sequence for the discovery message is fixed, that is, the applied DMRS sequence is independent of the PCIDs and the UEs that camp on different cells use the same DMRS sequence. 
For option-1, the benefit is that the inter-cluster interference of D2D communication could be suppressed to some extent when a receiving D2D UE discovers other D2D UEs from different cells. However, the potential problem with option-1 is that the inter-cell neighbour discovery becomes more difficult. For example, it is almost impossible for a UE to find another proximate UE in an adjacent cell if the UE does not know the PCID of the adjacent cell. 
For option-2, the main benefits are its simplicity and facilitating inter-cell neighbor discovery, especially for the synchronous cell deployment. The potential problem with option-2 is the lack of the inter-cell interference randomization, especially for asynchronous cell deployments, but this does not seem a critical consideration in Release 12. 

Based on the above considerations, we propose:
Proposal-1: the DMRS sequence uses a fixed sequence index.
As discussed in the previous meeting, the random discovery resource selection can be used as a baseline scheme. In this case, multiple intra-cell discovery UEs may select the same resource, thus leading to transmission collisions. If the same DMRS sequence (with the same cyclic shift) is used by the collided UEs, the channel estimation performance will be degraded at the discovery receivers. Thus, considering that the DMRS sequences with different cyclic shifts are orthogonal to each other, we propose:
Proposal-2: Different cyclic shifts may be used for the DMRS sequence. The multiple cyclic shifts are either predefined or configured by the eNB, and the DMRS sequence can be determined by discovery receivers by blind detection. 
Scrambling:

In LTE PUSCH, the codeword bits are scrambled with a UE-specific scrambling sequence prior to modulation. In D2D discovery transmissions, UE-specific scrambling for the discovery message is not feasible, since the discovery receivers do not know the transmitter UE ID. In this case, a feasible non-UE-specific scrambling scheme is desired to give the scrambling benefits. We propose:
Proposal-3: A non-UE specific scrambling is used for the discovery message. The used scrambling sequence could be implicitly indicated by the DMRS sequence. 
CP length:

In the previous meeting, it was agreed that if the transmitting UE is in-coverage, the CP lengths for D2D signals and cellular traffic are independently configured. 
For the D2D signals and cellular traffic in TDM, the independent configuration of the CP lengths for D2D signals and cellular traffic seems no problem, however, the D2D signals and cellular traffic may also be multiplexed through FDM (e.g., PUCCH with D2D signals in D2D subframes). In this case, different CP length configuration will lead to cross ICI, which may be a problem especially for the interference from D2D signals to PUCCH receivers. Figure 2 shows a simple example of the ICI due to misalignment of the OFDM symbols. It can be observed that the ICI could be at the relative power level of -40dB. Note that although the ICI level seems relatively low, it may lead to severe interference in the D2D applications. For example, if the D2D transmitter is located near the eNB and its transmit power is relatively high (e.g., 23dBm), the ICI interference from this D2D UE may overwhelm completely the PUCCH signals at the eNB receiver. 
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Figure 2: example of the ICI due to misalignment of the OFDM symbols (useful signal located at first PRB)
Observation-1: if the D2D signal and cellular traffic FDMed in the same subframe use different CP lengths, the OFDM symbol misalignment will lead to ICI at the relative power level of about -40dB, which may lead to problems for the cellular traffic reception at eNB in some scenarios. 
3 Hierarchical discovery period structure
In [3], we proposed a hierarchical discovery period structure. In this section, we discuss more details of the hierarchical period structure. The discovery period structure is shown in Figure 3 below. 
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Figure 3: hierarchical discovery period structure

In the hierarchical discovery period structure, there are a configurable number of subperiods within a discovery period. The motivations of such configuration are to support repetition of a discovery MAC PDU within a discovery period to benefit from time/frequency diversity gains, soft combining gains and some coding gains (if different RVs are used for different transmissions). Note that the different subperiods could be contiguous in time and constitute the overall configured discovery resources within a discovery period. 
The concept of super-period in this structure is for the purpose of alleviating collision interference in scenarios of dense UE distributions. That is, a UE can only make discovery transmissions within a randomly selected discovery period and act as a discovery receiver during other discovery periods within the super-period. This is statistically equivalent to reducing the transmission probability in each discovery period to reduce collisions. The super-period could be cell-specific and semi-statically configured by eNB according to the situations. On the other hand, the super-period could also be UE-specific and autonomously configured by the UE according to the localized situations.
Based on above discussions, we propose the following:
Proposal-4: On top of the discovery period, a discovery super-period which is cell-specific or UE-specific shall be supported to optimize discovery transmissions. 
4 Conclusions
In this paper, we discussed some aspects of the D2D signal channel design and the hierarchical discovery period structure. The following proposals and observations are proposed as follows.
Proposal-1: the DMRS sequence uses a fixed sequence index.
Proposal-2: Different cyclic shifts may be used for the DMRS sequence. The multiple cyclic shifts are either predefined or configured by the eNB, and the DMRS sequence can be determined by discovery receivers by blind detection.
Proposal-3: A non-UE specific scrambling is used for the discovery message. The used scrambling sequence could be implicitly indicated by the DMRS sequence.

Proposal-4: On top of the discovery period, a discovery super-period which is cell-specific or UE-specific shall be supported to optimize discovery transmissions.

We also make the following observation:
Observation-1: if the D2D signal and cellular traffic FDMed in the same subframe use different CP lengths, the OFDM symbol misalignment will lead to ICI at the relative power level of about -40dB, which may lead to severe problem for the cellular traffic receiving at eNB in some scenarios.
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