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1 Introduction

During the previous RAN1 #76bis meeting it was agreed to focus simulation studies on D2D operation within cellular network and conduct performance analysis of D2D impact on WAN operation [1]

 REF _Ref386977637 \r \h 
[3]. In this contribution, we provide initial system level analysis of D2D and WAN operation according to the agreed simulation assumptions and different resource allocation options.
2 Discussion on Traffic Modeling and Prioritization
For analysis, we selected Option 2 [3] for traffic modeling which assumes that there are no legacy (non-D2D) UEs in the network but a part of UEs (10 UEs/per cell) have both D2D (RX or TX) and WAN (DL and UL) traffic and another part have only D2D traffic (RX or TX) (22 UEs per cell). This implies that there are several types of collisions from a single UE perspective (assuming single or dual receive chain for WAN and D2D):
1) D2D TX and UL TX;
2) D2D RX and UL TX;
3) D2D RX and DL RX (in case of single RX chain).
Previously it was agreed that a WAN transmission is always prioritized on a single UE. But in the PS network, the critical delay sensitive VoIP broadcast services should have higher priority, and therefore proper eNB implementation should take into account emergency type of VoIP traffic and do not schedule traffic in a way that D2D VoIP transmissions are dropped because of WAN operation. Thus, in further analysis we assume that D2D VoIP traffic scheduling is always prioritized on a UE having both D2D and UL and such transmission collisions are never intentionally created by eNB, which controls the resources for D2D and WAN operation.
Another aspect is the D2D RX and UL TX traffic collisions. In Mode-1, it is possible from D2D UE perspective to inform eNB that there are ongoing D2D transmissions of interest in order to avoid such collisions and postpone UL scheduling (both data and control) or conduct it on resource non-overlapped with D2D. As for PUCCH transmissions, the eNB may schedule DL traffic to avoid PUCCH ACK/NACK responses in D2D subframes. The PUCCH ACK/NACK problem is less complicated for FDD networks and more severe in TDD where complicated HARQ timing is already applied.
Observation 1
· eNodeB may configure D2D resources in a way that frequent conflicts between WAN and D2D from the single UE perspective are avoided or minimized
As for D2D RX and DL RX collision in case of single RX chain there are possible solution to avoid or resolve such situations, which are discussed in a separate section.
In the following analysis, we assume that eNodeB prioritizes the traffic of D2D transmitter on allocated D2D subframes and the cellular traffic is carried on the non-D2D subframes. In addition, from the D2D receiver perspective we assume that D2D reception is prioritized if there is active transmitter of interest (i.e. D2D receiver is associated to one of the D2D transmitters).
3 Evaluation
3.1 Methodology

It is commonly understood that about 25% of cellular resources may be allocated for PS D2D services [5]-[7]. But it may be not reasonable from the network perspective to allocate D2D resources only for D2D communication because of possible resource wastage due to D2D zone underutilization. In Mode-1, when eNB have full control of D2D transmissions in its own cell, it is possible to do smart resource scheduling and utilize preconfigured D2D resources for UL transmissions ensuring minimized mutual impact of WAN and D2D transmissions. Therefore, there are 2 possible resource allocation types in Mode-1:
· Case 1. Exclusive D2D resource allocation – eNB semi-statically allocates D2D resources and never uses them for PUSCH scheduling;

· Case 2. Shared D2D resource allocation – eNB semi-statically allocates D2D resources, but have possibility to schedule UL in these resources if there is underutilization.

In Mode-2, eNB does not know about the D2D transmission occurrence due to lack of control of D2D UEs, and therefore collisions may happen in the Case 2. To avoid these collisions, eNB may monitor interference level on scheduling assignment resources or D2D transmission resources and make proper scheduling decisions, however we do not consider such scenario in current evaluation. Our studies are focused on Mode-1 operation only which is assumed to have higher performance when WAN and D2D traffic are considered together.
In the table below, we summarize the analyzed options of D2D resources allocation in the network in terms of physical separation between D2D and cellular resources. Note that in case of the shared resource allocation the percentage of D2D resources may be lower since eNB may decide to schedule UL in the D2D resource region.

Table 1: Maximum percentage of spectrum resources used for D2D and cellular transmission.
	
	TDM
	FDM
	TDM+FDM

	% of subframes for D2D
	25 %
	100 %
	50 %

	% of PRBs for D2D
	100 % (44 PRBs)
	27% (12 PRBs)
	50 % (22 PRBs)

	Total % of D2D resources
	25 %
	27 %
	25 %


In current analysis we use D2D evaluation methodology defined in [2] with additional assumptions agreed in [3]. The analysis is presented for PS Uniform broadcast scenario within network coverage and different resource scheduling options. The most strict in-band emission model with [0, 0, 0, 0] offsets is applied in order to evaluate the worst case.
In current analysis, only Mode-1 (eNB controlled) is evaluated, while Mode-2 (UE centric) is assumed to have similar performance to exclusive Mode-1 resource allocation type (see [5] for Mode-2 results with full buffer traffic). The aligned D2D resource pool configurations are assumed across cells.
UL cellular spectrum part is controlled by eNodeB where it schedules UL traffic using MLWDF algorithm and link adaptation techniques. Additionally, when D2D resources are underutilized, an eNB may schedule UL if shared resource allocation type is evaluated.
3.2 Simulation Results of D2D and WAN UL
In this section, we present simulation results of WAN and D2D mutual impact for both types of resource allocation (exclusive and shared D2D). Note, that in this section UL WAN impact only is discussed and DL impact observations are provided in a separate section. The PUCCH ACK/NACK transmissions are not explicitly modeled in this analysis.
3.2.1  Exclusive and Shared Resource Allocation
For both exclusive and shared resource allocation options we evaluated all the 3 schemes from the Table 1 (see also Figure 1). In case of FDM partitioning, the D2D resources are allocated in one edge of available spectrum to prevent UL spectrum fragmentation and consequent loss of a maximum achievable UL throughput.
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Figure 1: Considered exclusive and shared resource allocation schemes

In Figure 2, we plot CDF curves of D2D and UL WAN (number of successful VoIP connections per broadcast transmitter and UL packet throughput respectively). We also show the reference results for both pure WAN and pure D2D assuming all spectrum resources are allocated either for WAN or D2D. Detailed simulation assumptions are listed in Appendix A.
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	Figure 2: Performance metrics of UL cellular and D2D broadcast operation for 3 D2D TX/cell


Observation 2
· D2D and WAN UL have significant mutual impact due to resource restrictions

· TDM partitioning of cellular and D2D resources results in better cellular as well as D2D performance than other multiplexing schemes

· FDM partitioning suffers from strong mutual in-band emission impact and has significant performance degradation both in UL and D2D
· FDM+TDM achieves better performance than FDM
· eNB scheduling in case of shared resource allocation provides better UL performance

Proposal 1
· From system perspective, the TDM between UL and D2D is considered as a baseline approach
· Shared resource allocation scheduling is used at eNB in Mode-1 operation to avoid underutilization of the semi-statically allocated D2D resources
3.3 Simulation Results for Larger Number of Transmitters

It was also agreed in [3], that the larger number of broadcast transmitters should be simulated to evaluate possible rare events of extreme loading in one of the cells (up to 12 associated D2D transmitters). For this analysis we selected the shared TDM scheme which is concluded from the previous sections to be the friendliest for joint UL and D2D operation. In Figure 3, we plot performance metrics of the selected scheme for 3 and 6 D2D TX per cell.
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	Figure 3: Performance metrics of UL cellular and D2D broadcast operation for 6 D2D TX/cell


Observation 3
· The increased average number of D2D transmitters degrades both D2D and UL performance
· The UL performance degradation is not severe due to TDM with D2D and therefore minimized interference impact
· The D2D degradation is noticeable due to higher congestion of D2D resources when the number of transmitters is doubled
3.4 Simulation Results of DL Packet Throughput Degradation
There is also impact on DL WAN operation when D2D is configured in the network. First of all, the transmissions of ACK/NACK, CSI/CQI reports and other control information may be blocked by co-channel or in-band emission interference of high power D2D transmissions. Second, if an UE is single RX chain capable then collisions of simultaneous DL RX and D2D RX should be avoided. All these problems may be resolved by eNB scheduling and configuration in vendor specific manner with expected degradation in DL due to resource restrictions. But another approach is to specify enhancements to minimize unavoidable DL performance degradation.

In this section we analyze DL performance assuming 2 options:
· Single RX chain PS UEs – eNB avoids DL scheduling in the subframes where D2D transmissions of interest of the current D2D receiving UE are scheduled;

· Dual RX chain PS UEs – eNB schedules DL regardless of collisions with D2D RX traffic assuming separate processing chains for both channels.

Besides the above receiver assumptions, the following 2 options of collision handling of HARQ ACK/NACK responses with D2D operation (TX or RX) from single UE perspective are evaluated:

· Drop of ACK/NACK feedback transmissions in the collided D2D subframes (the eNB blindly retransmits transport blocks in this case);

· Postpone of ACK/NACK feedback transmissions to the nearest non-collided UL subframe. Multiple feedbacks are bundled by AND operation.

The second HARQ operation option is similar to the existing TDD HARQ design and may be realized by means of definition of special D2D reference HARQ timing configuration based on known occurrence of D2D subframes. 
In Figure 4, the DL packet throughput for the above receivers and ACK/NACK collision handling options is shown. The D2D and UL operate in TDM with Case 2 (shared Mode-1) resource allocation scheme from the previous section.
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	Figure 4: DL packet throughput for different scenarios


Observation 4
· ACK/NACK dropping degrades DL performance
· ACK/NACK bundling improves DL performance when ACK/NACK transmission is collided with D2D operation for the case of dual RX chain. Slight improvement is observed for single RX chain
Proposal 2
· Enhanced ACK/NACK timing and bundling techniques are further studied in case of D2D and WAN operation.
4 Conclusions

In this contribution, we have analyzed mutual D2D and cellular impact both from system and single UE perspective. We have shown that TDM resource partitioning between cellular and D2D is beneficial for both WAN and D2D operation. Based on the discussion and the analysis presented in this contribution we have following observations and proposals:
Observation 1
· eNodeB may configure D2D resources in a way that frequent conflicts between WAN and D2D from the single UE perspective are avoided or minimized
Observation 2
· D2D and WAN UL have significant mutual impact due to resource restrictions

· TDM partitioning of cellular and D2D resources results in better cellular as well as D2D performance than other multiplexing schemes

· FDM partitioning suffers from strong mutual in-band emission impact and has significant performance degradation both in UL and D2D
· FDM+TDM achieves better performance than FDM

· eNB scheduling in case of shared resource allocation provides better UL performance

Observation 3
· The increased average number of D2D transmitters degrades both D2D and UL performance
· The UL performance degradation is not severe due to TDM with D2D and therefore minimized interference impact

· The D2D degradation is noticeable due to higher congestion of D2D resources when the number of transmitters is doubled
Observation 4
· ACK/NACK dropping degrades DL performance
· For the case of dual RX chain, the ACK/NACK bundling improves DL performance when ACK/NACK transmission is collided with D2D operation. Slight improvement is observed for the single RX chain.
Proposal 1
· From system perspective, the TDM between UL and D2D is considered as a baseline approach
· Shared resource allocation scheduling is used at eNB in Mode-1 operation to avoid underutilization of the semi-statically allocated D2D resources
Proposal 2
· Enhanced ACK/NACK timing and bundling techniques are further studied in case of D2D and WAN operation.
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Appendix A – Evaluation Assumptions
	Parameter
	Cellular
	D2D

	Deployment scenarios
	In coverage, Option 5, 57 cells, ISD = 1732m, Uniform drop (100% outdoor) [2], 1 Tier for DL evaluations

	eNodeB parameters
	See [2] for Option 5

	Synchronization
	Ideal synchronization

	Spectrum
	700 MHz @ 10 MHz, 50 PRBs

	PUCCH
	6 PRB [3]

	Maximum TX power
	23 dBm
	23 dBm

	Power control
	Fractional open loop power control with α = 0.8, P0 is set to reach target SNR = 20 dB
	Maximum power transmission

	RSRP threshold for virtual D2D broadcast association
	N/A
	-107 dBm

	Pathloss models
	See [2]
	See [2]

	Fast fading models
	See [2]
	See [2]

	UE antenna configuration
	1 TX, 2 RX
	1 TX, 2 RX

	UE number per cell sector
	10 randomly selected from the PS D2D UEs [3]
	{3,6} transmitters and 29 receivers [3]

	In-band emission model
	Modeled according to the mask from TS 36.101 without offsets

	Traffic model
	FTP Model 2: Mean reading time = 5 sec, Packet size = 0.5Mb
	VoIP (328 bit payload)

	HARQ
	Chase combining with maximum 4 transmissions
	4 blind transmissions

	Scheduler
	MLWDF
	Mode-1 VoIP-based

	Resource Granularity
	N/A
	2 PRB
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