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1 Introduction
This contribution addresses physical channels design for ProSe D2D operations. The proposal addresses both discovery and communication channels. 
2 Choice of Modulation Scheme
One of the fundamental open points that need to be agreed in order to rapidly progress in the D2D SI is the modulation scheme used for discovery and communication. Such agreement is not only fundamental for RAN1, but also necessary to let RAN4 progress in the discussion on performance requirements for D2D.

According to the Chairman notes in Barcelona [1]:

Agreement:

· […]
· FFS if the signal transmitted is SC-FDM or OFDM
It is thus necessary to agree whether SC-OFDM or OFDM is used for D2D operations. From a performance perspective, OFDM and SC-OFDM have a different balance of pros and cons, such as different CM, different impact of the DC and different levels of scheduling flexibility. From an implementation perspective the choice is between enabling reuse of most of the UE transmitter (SC-OFDM) or most of the UE receiver (OFDM).
Based on implementation aspects, it is assessed that updating the receiver in order to support SC-OFDM demodulation is more expensive and incurs in longer time to market than updating the SC-OFDM transmitter to OFDM. The reason is that existing UE receivers are heavily optimized for OFDM, and introducing additional processing blocks and possibly new RAN4 demodulation requirements may severely impact existing implementations.

Considering that D2D might be possibly deployed first for PS applications and later for commercial ones, the number of UE chipsets supporting D2D might be relatively low in the beginning, as compared to the commercial chipsets market. Therefore, it is suggested here to focus the choice between SC-OFDM and OFDM on implementation efficiency, cost and time to market aspects.
Observation:

· OFDM is expected to result in lower cost UEs with reduced time to market and implementation effort, as compared to SC-OFDM
Based on the above considerations, it is suggested to use OFDM for modulation of all D2D channels.
Proposal:

· Adopt OFDM for all D2D physical channels.
3 D2D Physical Channels and Signals

Under the assumption of OFDM as modulation scheme, the transmission scheme of TM10 based on UE-transmitted DMRS may be used, possibly with some modifications. Possible enhancements to TM10 related to timing aspects and guard periods are discussed in Section 5. Common physical channel structure may be used at least for broadcast communication and discovery physical channels. Open loop Rank-1 transmission may be used for all such channels and fixed MCS. The bandwidth of such channels may also be predefined.
Additionally, at least a UE-transmitted synchronization signal needs to be defined, for purposes of at least providing synchronization to other channels and possibly signalling basic control information associated to the UE transmitting the synchronization signal or its synchronization reference identity.
To summarize, the following new physical channels transmitted by UEs are proposed for D2D support:

· PDADCH (Physical Direct Access Data Channel): Derived from TM10, used mainly for direct data transmission and possibly carrying control information (e.g., scheduling assignments for broadcast data transmission)

· PDABCH (Physical Direct Access Beacon Channel): Derived from TM10, used mainly for direct beacons transmission (used for discovery and possibly carrying scheduling assignments for broadcast data transmission)
· DASS (Direct Access Synchronization Signals): Derived from PSS/SSS, possibly with some modifications and FFS time-patterns, used mainly for direct UE-to-UE synchronization

Proposal:

· Derive the D2D Physical Channels from TM10, possibly with some modifications

· E.g., modifications to handle timing issues as discussed in Section 5
· Define at least a data channel (PDADCH), a discovery channel (PDABCH) and a direct synchronization signal (DASS)
4 Timing Aspects
D2D channels (both for communication and discovery) may experience various types of issues due to multiplexing between D2D and cellular communication in a TDMA fashion. In the following, it is assumed for simplicity that switching between D2D and cellular operations happens on a subframe basis. In particular, the following scenarios may happen:
· Inter-UE interference: the beginning or the tail of a subframe is severely interfered due to near-far propagation scenarios

· Intra-UE collision: a UE needs to transmit and receive simultaneously at the beginning or tail of a subframe. Transition time of  ~20us (624Ts) [1] for tx-rx switching may lead to intra-UE collisions, too.
Different techniques are possible in order to cope with the above issues, as discussed in the following.

A) First and/or Last Symbol of the D2D Subframe Used as Guard Period
In this case, both inter-UE interference and intra-UE collisions are prevented by not transmitting the first and last symbols of the D2D channels. The corresponding overhead is 2/14=14.3% of the total subframe area for normal CP (and correspondingly larger if one considers only the data part, since DMRS are not transmitted in the first/last OFDM symbols). The relative overhead is even larger when considering extended CP. Therefore, this option is not preferred because of overhead reasons. 
Observation:

· Using the first/last OFDM symbols as guard periods incurs in large overhead (14.3% of the subframe for normal CP)
B) A Fraction of the First and/or Last Symbol of the D2D Subframe Used as Guard Period
The OFDM symbol generation may be modified in the first and last symbols of the subframe in order to obtain an OFDM symbol of half time length as compared to the usual OFDM symbols. This can be achieved by fully reusing the normal LTE transmitter and receiver blocks, as discussed in more detail in the Appendix.

[image: image1]
Figure 1: D2D subframe where the first and last OFDM symbols are half length (excluding CP) compared to normal OFDM symbols.
Compared to Option A), Option B) is associated to exactly half of the overhead. The guard period of approximately half OFDM symbol length is considered sufficient to avoid the inter-UE interference and intra-UE collision issues mentioned above. Therefore, unless additional issues are identified, Option B) is preferred.
Observation:

· A reduced guard period of half OFDM symbol can be achieved without changing the LTE transmitter/receiver blocks
5 Quasi Co-Location Assumptions

In order to allow correct demodulation of the D2D physical channels with reasonable complexity and acceptable performance, quasi co-location assumptions need to be defined for D2D physical channels. E.g., if a synchronization signal (DASS) is exploited to provide synchronization to data (PDADCH) and/or beacon (PDABCH) channels, corresponding QCL assumptions need to be defined. Note that, differently from existing QCL assumptions, D2D QCL may need to define co-location between ports associated to different UEs. Some illustrative examples are:

· UE A exploits the synchronization signal (DASS) transmitted by UE B to demodulate channels transmitted by UE C, or 

· UE A may assume that discovery beacons received from UE B and UE C are synchronized to each other.

It is suggested to discuss QCL details after the synchronization procedures have been agreed.

Proposal:

· Discuss QCL assumptions for D2D channels and signals once the synchronization procedures have been agreed.
6 Conclusions

This contribution discusses physical channels design for LTE-based D2D. Based on the analysis and results, the following is observed and proposed:
Observation:

· OFDM is expected to result in lower cost UEs with reduced time to market and implementation effort, as compared to SC-OFDM

· Using the first/last OFDM symbols as guard periods incurs in large overhead (14.3% of the subframe for normal CP
· A reduced guard period of half OFDM symbol can be achieved without changing the LTE transmitter/receiver blocks
Proposals:

· Adopt OFDM for all D2D physical channels.

· Derive the D2D Physical Channels from TM10, possibly with some modifications

· E.g., modifications to handle timing issues as discussed in Section 5
· Define at least a data channel (PDADCH), a discovery channel (PDABCH) and a direct synchronization signal (DASS)
· Discuss QCL assumptions for D2D channels and signals once the synchronization procedures have been agreed.
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Appendix: Generation of Shortened OFDM Symbols

In Section 4-B) a technique for multiplexing in time domain shortened data OFDM symbols and guard periods (GP) is presented. In principle, any partitioning between the GP and the data part is possible. However, for implementation efficiency, it is suggested to partition the nominal OFDM symbol length (excluding CP) exactly in two equal parts, one for data and the other for GP. The data part may be inserted at the beginning or at the end of the OFDM symbol, depending if the GP is desired at the end or at the beginning of the symbol. The data part is preceded by the corresponding CP.

Examples of the data/GP multiplexing within the LTE OFDM symbol length are provided in Figure 2 and Figure 2, where M is the LTE symbol length and L_CP is the CP length.


[image: image2]
Figure 2: Shortened OFDM symbol followed by GP


[image: image3]
Figure 3: GP followed by a shortened OFDM symbol

Various equivalent options are possible for the implementation of the transmitter and receiver. E.g., one may employ an M/2 size IDFT modulator and demodulator. Alternatively, or one may use the normal size-M IDFT modulator and feed every second input subcarrier within the scheduled bandwidth, and perform the corresponding de-mapping at the receiver. No changes in the equalization are necessary.

The main potential disadvantage of the above technique is that it produces a certain level of ICI to other FDM-ed channels. Figure 4 shows the level of interference generated to adjacent RBs by a 1-RB BW OFDM symbol of half length. It is noted that the interference levels are low and in the same order of magnitude as RAN4 inband emission requirements. However, more thorough evaluations are recommended for further study.
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Figure 4: Relative ICI (normalized to the received power of the used subcarriers) for adjacent RBs. The interferer is transmitting on RB-index 1.
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