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1 Introduction

In RAN1 #74 meeting, the following agreements were made [1].
Conclusions: Aspects of D2D communication on D2D link needing study/decision:

· Method for achieving synchronization
· Method for scheduling / resource allocation

· Out of network coverage, are all transmissions contention based, or are some scheduled (i.e. such that resource collisions are not possible within an area within which transmissions interfere with each other)? 

· Under network coverage, are at least some of the D2D link transmissions scheduled?

· Whether any closed loop physical layer feedback is used, and if so, what (e.g. for support of HARQ, power control etc)

· Agreement: Baseline for the broadcast communication on which RAN plenary has tasked RAN1 to focus, is that no closed loop physical layer feedback is used; can be revisited if significant benefits of introducing some such feedback are shown. 

· Physical channel design: 

· Signal structure based on existing LTE signals/channels?

· If based on existing LTE signals/channels,

· is the D2D link based on existing UL signal structure and/or DL signal structure? 

· MCS selection 

· Power setting/control

· Handling of interference coordination

· Method of multiplexing between D2D and Uu

Consider these aspects further at RAN1#74bis.

In this contribution, a physical channel design for D2D link is discussed. 

2 Discussion on signal structure of physical channel design
Physical channel design is one aspect of D2D communication needing study. There were some issues raised in the last meeting on physical channel design of D2D communication including whether to reuse existing LTE signal structure and channels and whether D2D link is based on existing uplink signal structure and/or downlink signal structure.
· Issue 1: Whether the signal structure of physical channel design for D2D link is based on existing LTE signals/channels?
The D2D link is a new interface under LTE system. How to design the signal structure of physical channel on D2D link is a new question. One way is to design a new signal structure regardless of the existing LTE signals/channels and multiple access technique. It may increase the standardization efforts.
Another way is to reuse the legacy physical channel design as much as possible. Since the D2D link should multiplex and coexist with the cellular link, a similar design can reduce standardization efforts and interference issues. Furthermore, a D2D UE may need to support both a D2D link and cellular link. Supporting different designs for these two links will result in more complexity. If the subframe structure for D2D communication is similar to the cellular link, existing algorithms and hardware can be reused, such as receiving, decoding and channel estimation. Thus, a subframe design similar to the cellular subframe would significantly simplify implementation. 
From both the standardization effort and implementation complexity perspectives, we have the following proposal:

Proposal 1: Minimize the change for physical layer design of D2D link from existing LTE cellular link.
· Issue 2: Based on existing UL signal structure and/or DL signal structure?
It is noted in last meeting that the conclusions regarding operation in UL spectrum and non-use of full duplex made in RAN1#73 apply to “D2D operation” and not just to discovery. That means D2D communication will operate in the UL spectrum as well. But it does not mean the existing uplink physical channel design should be referred. Whether the link of D2D communication is based on existing UL signal structure or DL signal structure has not been decided yet. 

There are two possibilities for the multiple access technique of the D2D communication link:

· OFDMA, similar to what is done on the downlink of the cellular link

· SC-FDMA, similar to what is done on the uplink of the cellular link

Either OFDMA or SC-FDMA should be selected for D2D communication since uniform link design without differentiating UL and DL will be expected for D2D link, (e.g., there is no notion of uplink and downlink in a D2D communication link). We compare some aspects between OFDMA and SC-FDMA to see which one is better for D2D communication.

1. Flexibility for scheduling

If OFDMA is used as the multiple access technique of the D2D communication link, it is more flexible on the time-frequency grid: for instance, the reference signals do not need to occupy a full symbol, but can be frequency-multiplexed with REs carrying data. The overhead occupied by reference signals can be more flexible with different patterns. The resource allocation for the D2D link does not need to consist of adjacent PRBs, thus giving more flexibility in the scheduling. On the other hand, SC-FDMA does not provide this flexibility. Note that there may be a benefit of occupying consecutive PRBs (boosting the power for some REs). This can be achieved with both OFDMA and SC-FDMA. Note also that reference signal and PRB assignment flexibility can also be seen as an optimization. If D2D becomes increasingly simplified at the price of performance in Rel-12 (unicast through broadcast, no PHY feedback …) then other optimizations may not be as critical.
2. Implementation complexity

For legacy UEs, only the capability of transmission for SC-FDMA signals and reception for OFDMA signals is required. For D2D communications, using SC-FDMA requires additional baseband reception procedure/algorithms, including channel estimation/PDSCH de-mapping and decoding. With OFDMA, additional transmission procedures are required. Note that due to the possible PRB structure and subcarrier locations, some enhancements to the OFDMA receiver algorithms may be needed. Since the complexity of receive processing is typically greater than transmit processing, OFDMA is preferred. Note that in order to avoid the DC subcarrier problem, it may be beneficial to shift the subcarriers by 7.5 kHz, similarly to what is currently being done for the uplink LTE. In summary, SC-FDMA requires additional baseband complexity, OFDMA requires either a larger PA or slightly reduces the range, and also requires DC subcarrier handling. We have a slight preference for OFDMA especially if range reduction is acceptable.
3. Performance
On the performance aspect, SC-FDMA provides lower PAPR or cubic metric (CM) than OFDMA especially for wide-band transmission, which translates to improvements in cell edge coverage, high bit rate coverage and power-amplifier efficiency. On the other hand, OFDMA requires a slightly better PA. However, CM is insensitive to bandwidth allocated to the UE. Thus, for narrow band transmission, the difference in PA requirements between SC-FDMA and OFDMA might not be that significant.
From the scheduling flexibility and baseband implementation complexity perspectives, we propose the following:
Proposal 2:  OFDM is used for D2D communication.

3 OFDM based physical channel design
In this section, a detailed design based on OFDM for D2D communication is discussed. To minimize the standardization effort and implementation complexity, the legacy physical channel design can be a baseline for the design. Some potential issues for physical channel design of D2D communication link are listed here as the following, including the subframe structure design, the associated PRB structure, and the physical control channel.
3.1 Subframe structure
In time domain, the granularity of subframe structure can be the same as cellular link. The largest unit of time is the 10ms radio frame, which is further subdivided into ten 1ms subframes. One subframe of the D2D link is composed of N symbols, where N depends on the cyclic prefix design. The cyclic prefix can be normal CP or extended CP as used in cellular link or some other CP length as discussed in [2]. Considering that switching time for Tx and Rx is needed for D2D UE, at least 1 symbol should be reserved for guard time. The N symbols are partitioned into 1 symbol reserved for guard time (½ symbol at the beginning, ½ symbol at the end of the subframe), J symbols used for control information, and the remaining N-1-J symbols for data transmission, as shown in Figure 1.The figure shows the control channel time division multiplexed with data channel. To further increase spectral efficiency, the unused REs in the first J symbols can also be used for data transmission if it is scheduled by some other way, such as EPDCCH or multiple subframe/cross subframe scheduling. If the control channel is frequency division multiplexed with the data channel as discussed in section 3.3, then N-1 symbols can be used for data transmission. 
Proposal 3:  At least 1 symbol is reserved for guard time.
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Figure 1. Subframe structure for D2D link
3.2 PRB structure

In the frequency domain, a PRB structure for the D2D link similar to downlink LTE is proposed. Resources are grouped into PRBs which consists of 12 subcarriers per PRB per symbol. An example of the resource element layout with 13 symbols is shown in Figure 2. The data and reference signals are filled into the PRBs allocated to UE. Some or all of the legacy reference signals can be reused on D2D link for channel estimation. The pattern and other details related to antenna ports and QCL can be further studied.
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Figure 2.  PRB structure for D2D link (Reuse DM-RS as an example)
Proposal 4:  The PRB structure for the D2D link is essentially the same as for LTE.

3.3 (E)PDCCH-like control channel
For control channel design on D2D link, the existing control channel on LTE link can be reused as much as possible. P PRBs allocated for D2D are assumed contiguous, and the control channel structure is the same as for an LTE system within P PRBs. It can be multiplexed with data channel in either a TDM-based method, similar to PDCCH or an FDM-based method, similar to EPDCCH. The information carried by physical control channel needs include at least: MCS, power, and MIMO information, to ensure correct decoding, but not necessarily the RB allocation (assumption can be that all RBs are occupied). 
Proposal 5:  The existing (E)PDCCH structure with either TDM based or FDM based can be reused on D2D link.
4 Conclusion

In this contribution, we discuss the physical channel design for D2D link. Based on the above discussion, we have the following proposals:

Proposal 1: Minimize the change for physical layer design of D2D link from existing LTE cellular link.
Proposal 2:  OFDM is used for D2D communication.

Proposal 3:  At least 1 symbol is reserved for guard time.

Proposal 4:  The PRB structure for the D2D link is essentially the same as for LTE.

Proposal 5:  The existing (E)PDCCH structure with either TDM based or FDM based can be reused on D2D link.
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