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1. Introduction

The standardization of D2D in 3GPP release 12 is almost complete. There are only a few issues remaining, e.g., D2D synchronization, power control, and the coexistence between WAN and D2D signals. Specifically, the impact of D2D Tx/Rx to WAN UL and DL requires careful evaluation, and simulation campaign commenced since RAN1 #77 [1]. It has been indicated that both the WAN UL and DL throughput degradation due to D2D Tx/Rx are not negligible in most cases, and corresponding countermeasure has been agreed such as open loop (OL) power control of D2D transmission. 
In RAN1 #78b, a way forward was proposed to address the issue of collision between UL HARQ-ACK/NACK and D2D transmissions from individual UE perspective [2]. In this contribution, we discuss in detail the impact of such a problem and propose the corresponding solutions.
2. Discussions
It has been agreed that D2D communications utilizes the UL spectrum in FDD systems, and UL subframes in TDD systems [3]. From an overall system perspective, the interference caused by D2D signals to WAN UL transmissions, especially PUCCH, is the most obvious impact. A few solutions have been proposed, e.g., reserving guard band between PUCCH and D2D signals, power boosting of the WAN UL transmissions, open loop power control of D2D transmissions, and RSRP-based resource grouping. D2D open loop power control has been agreed as it is shown to be the most effective one. It has also been agreed that FDM between WAN and D2D signals is not allowed from individual UE perspective. This creates impact to regular WAN UL operations, including PUSCH transmissions, SRS transmissions, and periodic CQI report. Such impact is expected to be handled by scheduling constraint.

The impact of D2D transmissions to WAN DL, from individual UE perspective, arises from the corresponding loss of UL control signalling, including the occasional loss of periodic CQI report and UL HARQ-ACK/NACK collision. Since UL HARQ-ACK/NACK corresponding to PDSCH in subframe n has to fed back in subframe n+k (k=4 in FDD, configuration dependent in TDD), a D2D transmission in subframe n+k indirectly disturbs the DL data transmission operation. It is shown that such a collision problem leads to non-negligible performance loss [4]. The most straightforward solution is to avoid scheduling DL data in subframe n in this case. This is undesirable as enabling D2D brings unnecessary WAN DL scheduling constraint, and the DL throughput loss increases along as the D2D traffic. Alternatively, treating the collided UL HARQ ACK as being lost, and blindly retransmitting PDSCH can be a workaround. However, such a solution also results in unnecessary performance degradation. Shifting the UL HARQ-ACK/NACK to a later non-D2D subframe has also been proposed [5-7]. In the following, we discuss in detail how this can be achieved in TDD and FDD systems, respectively.

It should be noted that for FDD UEs with single Rx chain, simultaneous D2D Rx and WAN DL is not possible. If D2D traffic is prioritized in this case, further impact to WAN DL performance is to be expected. 
2.1. UL HARQ-ACK Shift in TDD Systems
Compared with FDD systems, it is expected that D2D causes more impact to TDD systems due to the asymmetric resource allocation favoring DL. As more than one UL-HARQ ACK/NACK can be bundled or multiplexed together in a single UL subframe, a collision with D2D in this case is more detrimental. From individual UE perspective, manipulating the UL HARQ ACK/NACK timing to avoid a collision with D2D Tx/Rx is a straightforward solution in TDD systems. Similar idea has been discussed in great depth before during the standardization of CA between different TDD configurations, and the TDD eIMTA systems. Specifically, the concept of DL HARQ reference configuration can be applied here for delaying a colliding UL HARQ ACK/NACK to a later non-D2D UL subframe. An example is given in Fig. 1, where a UE with TDD configuration #1 is experiencing a collision with D2D Rx/Tx in subframe 3. Based on the UL HARQ ACK/NACK timing table as given in Table 1 [8], the UL HARQ ACK/NACK corresponding to DL subframe 9 will be affected. With DL HARQ reference configuration 2 applied, the UL HARQ ACK associated with subframe 9 will be rerouted to UL subframe 7 in the next radio frame, thus resolving the collision, as depicted in Fig. 2.
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Fig. 1. UL HARQ ACK collision with a D2D subframe in TDD configuration 1.

Table 1: Downlink association set index
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 for TDD

	UL/DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6
	-
	4
	-
	-
	6
	-
	4

	1
	-
	-
	7, 6
	4
	-
	-
	-
	7, 6
	4
	-

	2
	-
	-
	8, 7, 4, 6
	-
	-
	-
	-
	8, 7, 4, 6
	-
	-

	3
	-
	-
	7, 6, 11
	6, 5
	5, 4
	-
	-
	-
	-
	-

	4
	-
	-
	12, 8, 7, 11
	6, 5, 4, 7
	-
	-
	-
	-
	-
	-

	5
	-
	-
	13, 12, 9, 8, 7, 5, 4, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-
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Fig. 2. Resolving the UL HARQ ACK collision by applying DL HARQ reference configuration.

It is noted that there is only one UL HARQ-ACK which needs to be shifted to avoid a collision in the example illustrated in Fig. 1. With DL HARQ reference configuration applied, however, two of the UL HARQ-ACK are actually shifted (assuming DL HARQ reference configuration 2). This causes uneven UL subframe resource utilization, as the intention here is not to actually change the TDD configuration dynamically as in eIMTA systems. Such an effect is most pronounced when DL HARQ reference configuration 5 is applied. Nevertheless, the details can be left for future discussion. We thus have the following proposal:
Proposal 1: Support shifting of WAN UL HARQ-ACK/NACK to a later non-D2D subframe to avoid collision with a D2D subframe in TDD systems.
2.2. UL HARQ-ACK in FDD Systems 
As mentioned previously, for UEs with single Rx chain, simultaneous WAN DL Rx and D2D Rx cannot be supported. This can cause notable DL throughput loss if WAN data is not prioritized. Assuming more than 1 Rx chains are available, the UL HARQ-ACK collision problem could still cause performance degradation to a similar extent. As capability of CA is expected to be the mainstream, the issue of single Rx chain is less of a concern. UL HARQ-ACK collision, on the other hand, requires specific timing redesign as in the TDD system. The most straightforward solution is to simply shift the UL HARQ-ACK to the next available non-D2D UL subframe. This achieves the lowest signalling delay. An example is given in Fig. 3. Alternatively, the concept of reference configuration can also be applied to FDD systems. During the standardization of TDD-FDD CA, the rule for mapping UL HARQ-ACKs in FDD to each TDD configuration has been defined. Such a timing rule can be reused here to resolve the ACK collision problem. For example, assuming DL-reference UL/DL configuration 1 as given in table 2 [8], the UL HARQ ACK corresponding to DL subframe 0 will be rerouted to UL subframe 7 as depicted in Fig. 4. Again the details can be left for future discussion. We thus propose:
Proposal 2: Support shifting of WAN UL HARQ-ACK/NACK to a later non-D2D subframe to avoid collision with a D2D subframe in FDD systems.
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Fig. 3. UL HARQ-ACK shifted to the next available non-D2D subframe.
Table 2: Downlink association set index
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 for FDD-TDD and serving cell frame structure type 1
	DL-reference UL/DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6, 5
	5, 4
	4
	-
	-
	6, 5
	5, 4
	4

	1
	-
	-
	7, 6
	6, 5, 4
	-
	-
	-
	7, 6
	6, 5, 4
	-

	2
	-
	-
	8, 7, 6, 5, 4
	-
	-
	-
	-
	8, 7, 6, 5, 4
	-
	-

	3
	-
	-
	11, 10, 9, 8, 7, 6
	6, 5
	5, 4
	-
	-
	-
	-
	-

	4
	-
	-
	12, 11, 10, 9, 8, 7
	7, 6, 5, 4
	-
	-
	-
	-
	-
	-

	5
	-
	-
	13, 12, 11, 10, 9, 8, 7, 6, 5, 4
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	8, 7
	7, 6
	6, 5
	-
	-
	7
	7, 6, 5
	-
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Fig. 4. UL HARQ-ACK shifted to a later non-D2D subframe following reference configuration 1.

3. Conclusions
In this contribution, we have investigated the issue of coexistence between WAN and D2D signals. Specifically, the impact of D2D transmissions to WAN DL resulting from the UL HARQ-ACK collision has been analysed. We have the following proposals:

Proposal 1: Support shifting of WAN UL HARQ-ACK/NACK to a later non-D2D subframe to avoid collision with a D2D subframe in TDD systems.
Proposal 2: Support shifting of WAN UL HARQ-ACK/NACK to a later non-D2D subframe to avoid collision with a D2D subframe in FDD systems.
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