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1. Introduction

In RAN1 #73 meeting, D2D basic operation was discussed, and following conclusions were made:

Conclusions:

-
It is assumed that D2D operates in UL spectrum (in the case of FDD) or UL subframes of the cell giving coverage (in the case of TDD except when out of coverage)

Use of DL subframes in the case of TDD can be studied further

-
It is assumed that D2D transmission/reception does not use full duplex on a given carrier.

However, a number of open issues need to be discussed further on the impact of D2D signal transmissions and feasibility of D2D signal reception in consideration of various factors like carrier aggregation, clustered transmissions, UE receiver structures, and so on. The topic  in the email discussion [73-08] on how to model the in-band emission in the performance evaluation is also included in these open issues. This contribution addresses several issues on signal transmissions and receptions in D2D operations.

2. Inter-device issues
2.1. Two signals in the same component carrier

Let us consider that there are two UEs in the vicinity area as shown figure 1. Assuming that UE 1 transmits D2D or WAN signal with high power and UE 2 receives D2D signal from other D2D transmit UE, UE 2 may suffer from in-band emission interference or desensing problem that is analog to digital converter (ADC) saturation if the desired signal power is much lower than the other signal power. In [73-08] email discussion on in-band emission modeling for D2D evaluation, several evaluation models were discussed as follows:

Option A: In-band emissions are not modeled by RAN1 

Option B: In-band emissions are modeled according to 36.101, Section 6.5.2.3 

Option C/C’: Assume emission noise floor -30/-36 dBc relative to PSD for the transmitted resource blocks. 

Option D:  Total in-band emissions power is 20dB below the transmit power, and distributed uniformly over all non-allocated sub-carriers. 

 Option B and C' were considered as working assumption until RAN1 #74. In our companion contribution [1], applying in-band emission model of option B and option C', the evaluation results show that in-band emission models give significantly affected D2D performance, thus in-band emission model should be carefully investigated to evaluate realistic D2D performance. Option B can be adopted as the evaluation model for the single-cluster transmission case at this moment because all the legacy UE will fulfill this emission mask, but any model other than Option B requires RAN4’s guidance because the actual power leakage to non-allocated RBs significantly affected by the UE implementation details. In addition, desensing model is also highly dependent to UE implementation, e.g. ADC bit size and automatic gain controller (AGC) performance, which is not in the scope of RAN1. One possible way forward would be to take Option B as the evaluation model while asking RAN4’s guidance on the necessity of a modification to it. The question can include the issue of in-band emission modeling for multi-cluster transmissions as well as modeling the desensing problem.
Proposal 1: In-band emissions are modeled according to 36.101 for the evaluations and RAN4’s guidance is needed on the necessity of a modification to this model as well as on how to model some other problems including emission from multi-cluster transmissions and desensing problem.
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Figure 1 Two signals in the same component carrier
2.2. Two signals in two different component carriers

Assume that there are two adjacent component carriers (CCs) and two UEs belongs to different component carriers as illustrated in figure 2. If UE 1 transmits WAN or D2D signal at CC 1 with high power and UE 2 receives D2D signal with low power at CC2, then the D2D signal of UE 2 is interfered by the signal of UE 1 due to the out of band (OOB) emissions. This may be more serious if the two CCs belong to different operators because it is not straightforward to assume tight coordination, which would be helpful in resolving such a problem, across different operators. We note that this issue is similar to the inter-operator coexistence in using different TDD UL-DL configurations in the sense that signal transmission in one operator interferes with signal reception in another operator in an adjacent channel. So, further study seems necessary to check what condition is required to enable D2D communication assuming a different operator in an adjacent channel 
Proposal 2: Adjacent channel coexistence issue between WAN and D2D communications should be investigated. 
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Figure 2 Two signals in two different CCs
3. Intra-device issues
3.1. Simultaneous transmissions of D2D and WAN UL signals

Consider simultaneous transmission of WAN UL and D2D signal at single UE perspective as shown in Figure 3. This issue has similarity to the multi-cluster transmissions e.g. simultaneous transmission of PUSCH and PUCCH. However, the transmission power gap between the two channels can be substantially larger than the power gap between different channels for the conventional multi-cluster transmission, since the location of destination of each cluster would be different. For the D2D simultaneous transmission of WAN UL and D2D signal, such high power gap between the two channels may not be supportable in practical UE implementations. Also the transmission timing may not be the same depending on the D2D timing options. For example, discovery signal timing can be derived from the DL SF boundary, but timing advance could be applied to WAN UL transmission. Therefore, simultaneous transmission of WAN UL and D2D signal could be applied to limited scenario, and if such simultaneous transmission, the allowable transmission power gap should be investigated. 

Proposal 3: Investigation is needed on the maximum supportable power different between WAN UL signal and D2D signal transmitted simultaneously.
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Figure 3 Examples of simultaneous transmission of WAN UL and D2D signals with high transmission power gap

3.2. Simultaneous receptions of D2D and WAN DL signals 

In [2], two types of D2D receiver operation that are half-duplex
 and full duplex receiver
 between WAN DL and D2D RX were discussed. A UE equipped with the full duplex receiver can receive DL signal continuously in DL band while doing D2D operations in UL band. This operation requires two parallel receiver implementations as depicted in Figure 4(b). On the other hand, a UE equipped with the half-duplex receiver illustrated in Figure 4(a) cannot receive DL signal in some subframes because the one and only receiver should be used for D2D signal reception in UL band. As the two implementation types have different impact on the WAN operation of the UE, it needs to be discussed whether to support both receiver types or select one of them. For this issue, CA or NAIC capable UEs may have different solutions because such UEs already have multiple RX circuits for different carrier signal or interference decoding and a circuit not under DL RX usage could be used for D2D RX. 

Proposal 4: Further study is needed on the possibility of simultaneous DL reception and D2D reception at a UE. 
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Figure 4. Half-duplex receiver vs. full-duplex receiver for D2D UE
3.3. Full or half duplex across two component carriers
In section 2.2, coexistence issue on inter-devices where the UEs belongs to different CC was discussed. Based on the agreement in RAN1 #73, full duplex operation in a given carrier is not possible, but it may be possible in different carriers. Consider a full duplex operation in different CCs as depicted in figure 5. If a UE is CA capable and transmits WAN UL at CC1 and receives D2D signal at CC2, we have to consider how much frequency separation is needed to enable this full duplex operation. In other word, the feasibility of the full duplex operation across two CCs may be dependent of the amount of frequency separation of the two CCs. For example, if two CCs are in the same band, the full duplex operation can be limited due to the high self interference. On the other hand, some power control scheme may be considered to make the full duplex operation possible. For example, the transmission power at CC1 of the UE could be reduce to certain level to reduce power leakage to CC2. We note that there may exist some similarity to the case of aggregating different TDD UL-DL configurations where both full duplex and half duplex UEs (across two CCs) are considered. 
Proposal 5: Further study is needed under what condition a UE can operate WAN UL transmission and  D2D reception simultaneously across two component carriers.
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Figure 5. Full duplex across two component carriers
4. Summary
This contribution discusses several issues on signal transmissions and receptions in D2D operations. The following proposals were made:
Proposal 1: In-band emissions are modeled according to 36.101 for the evaluations and RAN4’s guidance is needed on the necessity of a modification to this model as well as modeling some other problems including emission from multi-cluster transmissions and desensing problem.

Proposal 2: Adjacent channel coexistence issue between WAN and D2D communications should be investigated. 
Proposal 3: Investigation is needed on the maximum supportable power different between WAN UL signal and D2D signal transmitted simultaneously.
Proposal 4: Further study is needed on the possibility of simultaneous DL reception and D2D reception at a UE. 
Proposal 5: Further study is needed under what condition a UE can operate WAN UL transmission and  D2D reception simultaneously across two component carriers.
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� Half-duplex D2D receiver: D2D RX processing is realized by re-using a modified macro DL RX circuit/module


� Full-duplex D2D receiver: D2D RX processing is realized by separate UL RX circuit/module from conventional DL RX circuit/module






