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1. Introduction

In previous RAN1 meetings, the physical channel design aspects for D2D communication were discussed, and the following agreements were made [1] [2]:
In RAN1 76 meeting:

Conclusion:

A means (explicit or implicit) is needed for a receiving UE to identify which D2D data transmissions can be combined. 

Study further until RAN1#76bis how to implement the means for a receiving UE to identify which D2D data transmissions can be combined.

Working assumption:

· Blind D2D data communication transport block retransmissions are supported
In RAN1 76bis meeting:

Agreement: 

· As good or better than -107 dBm is the design target for D2D VoIP communication.

In this contribution, we further discuss the deign aspects for D2D communication, including:
· Whether time-domain diversity gain needs to be obtained?
· How can in-band emission be alleviated?

· Whether and how can frequency-domain diversity gain be obtained?

2. Discussion

The time-domain variance of ITU UMi NLOS fading channel is analyzed in [3]. It shows that the channel coherence time is around 100ms. Time-domain diversity gain can be achieved by time interleaving over the VoIP delay budget (200ms). It will inevitably incur a delay and additional UE complexity to store the interleaved retransmission data for this long period. Further considered that an Rx UE will associate with many broadcasting UEs, this long interleaving period will introduce extra UE complexity. Also the performance gain of time-domain diversity can be compensated by frequency-domain diversity gain. Therefore, time-domain interleaving over a long period (e.g. 200ms) needn’t be introduced into D2D data transmission. In the following paragraph, we will mainly focus on the in-band emission alleviation and frequency-domain diversity.

Proposal 1: Time-domain interleaving over a long period (e.g. 200ms) shall not be introduced into D2D data transmission.
2.1. Random ON/OFF pattern in time-domain
In [4], random ON/OFF pattern mechanism is introduced to alleviate the impacts of in-band emission with system evaluation results, the evaluation results show that this mechanism is essential to alleviate the impacts of in-band emission. Further consideration of soft-combining and monitoring complexity at receiving UE aspects, the ON/OFF pattern shall be indicated by SA.
It is noted that the on/off pattern can be applied to RTP in time domain and new data transmission. More details about RTP in time domain can be found in [5].

Proposal 2: Random ON/OFF transmission mechanism should be adopted in D2D data transmission to alleviate the impacts of in-band emission. And the ON/OFF pattern shall be indicated by SA to aid data reception at receiving UEs.
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Figure 1: ON/OFF pattern for D2D data transmission
2.2. Frequency hopping design for data transmission
Frequency-domain diversity gain is essential to link performance in D2D data transmission. In general, two frequency hopping methods are discussed in D2D data transmission:
· PUCCH-like manner (subframe-based hopping instead of slot-based hopping), as shown in Figure 2, the Pros and Cons are compared as following:
Pros:
· Flexible D2D data transmission bandwidth.

· No frequency hopping pattern collision between in-coverage and out-of-coverage scenarios. 

Cons:

· The D2D transmission nearby carrier central frequency cannot obtain frequency diversity gain.
· PUSCH-like manner, as shown in Figure 3, the Pros and Cons are compared as following:
Pros:

· The frequency diversity gain of PUSCH-like manner is better than that of PUCCH-like manner, especially in out-of-coverage scenario. 

Cons:

· D2D data transmission bandwidth is limited by sub-band size.

· In partial-coverage or inter-cell scenarios, receiving UEs outside coverage need to know the data transmission pool of in-coverage UEs, which will help the out-of-coverage UEs determine the frequency hopping pattern of in-coverage UEs.
· Frequency hopping patterns may be overlapped between in-coverage and out-of-coverage scenarios due to different size of D2D data resource pool.
Based on above Pros and Cons comparisons between PUCCH-like and PUSCH-like hopping manner, we prefer to use PUCCH-like hopping method in D2D communication. The frequency hopping pattern of in-coverage scenario can be determined by available subframes to keep frequency diversity gain when D2D subframes are not contiguous.  However asexample shown in Figure 4, if the frequency hopping pattern of in-coverage scenario is determined by available subframes, then there is hopping pattern collision between in-coverage and out-of-coverage scenarios.  So it is proposed that frequency hopping pattern is generated by actual subframe number, which can avoid any possible collision issues in partial-coverage and inter-cell scenarios and frequency diversity gain can be achieved by proper resource allocation from eNB implementation.
It is noted that frequency hopping mechanism can be applied to RPT in frequency domain and new data transmission. 

Proposal 3: PUCCH-like hopping method shall be used in D2D data transmission.
Proposal 4: Frequency hopping pattern is determined by subframe number.
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Figure 2: PUCCH-like hopping method
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Figure 3: PUSCH-like hopping method
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Figure 4: Frequency hopping pattern collision between in-coverage and out-of-coverage scenarios by using available D2D subframe via PUCCH-like hopping method
3. Conclusion 
In this contribution, we discuss design aspects for D2D data transmission, and mainly focus on the alleviation of in-band emission impacts and frequency-domain hopping method. Particularly, we have the following proposals: 
Proposal 1: Time-domain interleaving over a long period (e.g. 200ms) shall not be introduced into D2D data transmission.
Proposal 2: Random ON/OFF transmission mechanism should be adopted in D2D data transmission to alleviate the impacts of in-band emission. And the ON/OFF pattern shall be indicated by SA to aid data reception at receiving UEs.
Proposal 3: PUCCH-like hopping method shall be used in D2D data transmission.
Proposal 4: Frequency hopping pattern is determined by subframe number.
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