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1. Introduction
In RAN1 #74 meeting, the D2D communication was discussed, and the following are identified for further study of D2D communication [1]:

Conclusions: Aspects of D2D communication on D2D link needing study/decision:

· Method for achieving synchronisation

· 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

In this contribution, we analyze and also share our views on the physical channel design aspects for D2D communication.
2. Discussion
2.1. OFDM vs. SC-FDM
In general, single carrier characteristic of SC-FDM is desirable to keep low PAPR, but its equalization is much more complex than that of OFDM. The same demodulation module as cellular downlink demodulation could be reused to demodulate D2D link if OFDMA is employed, resulting in low complexity of demodulation and low cost of implementation. In [2], the BLER and CM performance are compared between PDSCH and PUSCH structure, it can be seen that the BLER performance is similar in fading channel, and the PUSCH structure, i.e. SC-FDM, provides better CM performance. With maximum power reduction, performance degradation of OFDM is expected to be 1-2dB. Another issue to apply OFDM comes when D2D communication resources multiplexed with celluar traffic, including TDM and FDM. When SC-FDM is still applied for cellular UL traffic, OFDM and SC-FDM switching, or transmission together cannot be avoided in co-channel case, which also introduce some complexity to D2D UE. 
Proposal 1: OFDM/SC-FDM shall be studied more for D2D/cellular co-channel cases considering both communication and discovery cases; only one multiple access scheme for D2D transmission is expected.
2.2. AGC impacts on physical channel design
In D2D communication, a D2D UE may receive the signals from multiple Tx UEs, and the receiving power of different UEs may vary greatly due to different pathloss. An Rx UE may receive a weak signal in one subframe, and receive a strong signal in next subframe. The strong signal strength may exceed the range of ADC if AGC is adjusted according the weak signal strength. Therefore, an AGC measurement and adjusting time is needed at the beginning of the subframe. In order to ensure the AGC measurement accuracy, the transmission during AGC time shall be of constant amplitude.  

Proposal 2: An AGC measurement and adjusting time is needed at the beginning of each subframe, and signal transmitted in AGC time shall be constant amplitude.  

2.3. Multiplexing of D2D physical channels

In D2D communication, an Rx UE may receive the signals from multiple Tx UEs, and the receiving power of different Tx UEs may vary greatly due to different pathloss. If Tx UEs are multiplexed in FDM manner, the in-band emission may lead to “near-far” effect. An example is shown in Figure 1, when Rx UE is receiving the signal from Tx UE1 and the receiving signal strength is -100dBm, Tx UE2 originates a D2D broadcast communication with FDM manner and the receiving signal strength is – 60dBm at Rx UE. We assume that D2D link demodulation threshold is 0dB, and the in-band emission impacts is -30dBc. Then the communication between Tx UE1 and Rx UE will be interrupted by the in-band emission interference from Tx UE2 signal. In order to avoid the in-band emission, Tx UE1 and Tx UE2 shall be transmitted in TDM manner. 
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Figure 1: “Near-far” effect
In [3], the physical channel types and frame structure of D2D link are discussed. In CH-to-UE subframe, the related channels transmitting by one cluster can be multiplexed in FDM manner without the impacts of in-band emission. In UE-to-CH subframe, the REQ channel can also be multiplexed in FDM manner, where different Tx UEs can adjust the initial transmission power according to the RSRP measurement in CH-to-UE subframe to alleviate the “near-far” effect. In the UE-to-UE subframe, the multiplexing of D2D data channels between TDM and FDM are analyzed as follows:

· VoIP is a typical traffic which shall be supported in D2D communication, and the characteristic of VoIP traffic is small payload and longer persistent time. For VoIP traffic, the resource efficiency may be improved when different Tx UEs are multiplexed in FDM manner as long as it is allowed multiple Tx UEs’ transmission in the same subframe. In addition, in public safety scenarios, it may require larger communication range, so the narrowband signal can be used to enlarge the communication range [4]. In these scenarios, FDM manner seems more preferable. In FDM manner, the resource allocation mechanism may be more complex than that in TDM manner, and how to avoid the “near-far” effect needs further study.

· In TDM manner, D2D communication is more reliable, since the interference due to in-band emission can be removed. The resource allocation mechanism may be simpler, especially in contention based manner, where the energy detection method can be used. In order to support VoIP traffic more efficiency, several VoIP packet can be combined and transmitted in one subframe, or resource granularity for data channel can be slot-based (0.5ms).

Therefore, the multiplexing method for D2D data channel need be further evaluated.

Proposal 3: Whether TDM or FDM multiplexing manner for D2D data channels need further study, and TDM shall be a baseline in D2D evaluation.
2.4. Timing impacts on physical channel design
Due to the different propagation delay between different UEs, the coming timing from different Tx UEs may be different at Rx UE. A simple timing model is given in Figure 2, where the CH provides the synchronization reference for Tx UE and Rx UE. Tp1 is the propagation delay from CH to Rx UE, Tp2 is the propagation delay from CH to Tx UE, and Tp1,2 is the propagation delay from Tx UE to Rx UE. 
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Figure 2: Timing model with same synchronization source
Timing range at Rx UE is analyzed with the following assumption: 
· CH transmission timing: T0
· Maximum propagation delay time between two UEs: 
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· Rx UE timing: 
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is the reception timing of the synchronization reference, 
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· Tx UE timing: 
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is determined by the reception timing of the synchronization reference and timing offset, and the three options of Tx UE timing are given as an example:

· Option 1: timing offset is UL TA, then 
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· Option 2: timing offset is half of UL TA, then 
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· Option 3: timing offset is zero, then 
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· Timing range at Rx UE: 
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· Option 1: 
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· Option 2: 
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· Option 3: 
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· Imperfect impacts:
· UE synchronization tracking error: 
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[3], it will impact the timing on both Rx and Tx UE.
· Fading channel delay spread: 
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· These imperfect impacts can be resolved in CP, then the CP length used for compensation of timing range is  
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, In Normal CP, the CP length is 4,69us, then the 
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 shall not be larger than 1.35us in option 1, that means the maximum 1-hop communication distance between two UEs is about 400m. 
If Tx UE is multiplexed in FDM manner, the timing range at Rx UE is 
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 in the above three options. If the maximum 1-hop communication distance is larger than 400m, it requires larger CP length for each OFDM symbol, e.g. extended CP. The negative part the 
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in option 1 and 2 can be eliminated by introduction of extra GP of a subframe in Tx side. If larger CP length is used in D2D communication, option 3(timing offset is zero) is more preferable, which does not need to introduce extra GP and PRACH-like channel type to support TA measurement. It is noted that Tx-Rx switching and AGC time is not included in extra GP. 
If Tx UE is multiplexed in TDM manner and the maximum 1-hop communication distance is larger than 400m, larger CP is not needed for D2D communication since transmitted signal is from only one UE. The negative part of 
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can be eliminated by GP at the beginning of the transmitting signal. The positive part of 
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 can be eliminated by CP and GP at the end of the transmitting signal. For a common solution considering multiplex in TDM only and FDM, the larger/extended CP using option 3 can also be applied in TDM case. 
Proposal 4: If multiple Tx UEs can be multiplexed in FDM manner, or only multiplexed in TDM manner and the 1-hop communication range is larger than 400m, the larger CP length could be introduced in D2D communication link.

3. Conclusion 

In this contribution, we discuss the physical design aspects for D2D broadcast communication. Particularly, we have the following proposals:
Proposal 1: OFDM/SC-FDM shall be studied more for D2D/cellular co-channel cases considering both communication and discovery cases; only one multiple access scheme for D2D transmission is expected.
Proposal 2: An AGC measurement and adjusting time is needed at the beginning of each subframe, and signal transmitted in AGC time shall be constant amplitude.  

Proposal 3: Whether TDM or FDM multiplexing manner for D2D data channels need further study, and TDM shall be a baseline in D2D evaluation.

Proposal 4: If multiple Tx UEs can be multiplexed in FDM manner, or only multiplexed in TDM manner and the 1-hop communication range is larger than 400m, the larger CP length could be introduced in D2D communication link.
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