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1
Introduction
In last RAN1#75 meeting, transmit timing of type 1 discovery was discussed as the following [1]:
· Impact on cellular system of RRC_Connected D2D UEs transmitting discovery signal based on DL reference timing is to be evaluated.
· If the impact on cellular system is found to be insignificant, then the following working assumption will be made:
· For type 1 discovery
· In FDD
· RRC_Connected D2D UEs transmit discovery signal based on DL reference timing (T2=0).
· In TDD
· RRC_Connected D2D UEs transmit discovery signal based on one fixed value of T2
· If the value is not 0, the working assumption for RRC_idle TDD UEs will be revisited for consistency.
In this contribution, we will discuss how much D2D discovery transmit timing affects to WAN and how the impact could be minimized while maintaining D2D discovery performance.
2
Impact on PUCCH
In order to support legacy UE’s UL feedback, PUCCH should be FDMed with D2D PUSCH within a discovery subframe as mentioned in [2]. Based on this assumption, we analyze impact of D2D transmit timing on PUCCH reception at eNB when T2 = 0.
Figure 1 is showing an interference scenario at eNB where PUCCH received at eNB suffers from timing misalignment problem caused by D2D PUSCH. In last RAN1#75 meeting, it was shown in [2] that PUCCH does not suffer from ISI and ICI any more as long as extended CP is introduced within a discovery subframe. However, if normal CP length is enough to cover the delay spread for PUCCH, it is not a good idea to use extended CP. It will cause a higher overhead to legacy UE and thus another approach is needed.
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Figure 1: Interference scenario when PUCCH is FDMed with D2D PUSCH and T2=0.
When DUEs close to their serving eNB transmit D2D PUSCH based on DL reference timing (T2 = 0), they may not impact on PUCCH reception at the eNB, because round trip delay (RTD) between the eNB and DUEs is small and delayed D2D PUSCH could be received at eNB within CP duration of PUCCH. On the other hand, when DUEs far from their serving eNB transmit D2D PUSCH based on DL reference timing, RTD between the eNB and DUEs is large and thus PUCCH could suffer from ISI and ICI due to delayed D2D PUSCH.
These observations naturally lead us to the fact that D2D PUSCH power control should be taken into account so as that delayed PUSCH over CP duration does not affect to PUCCH reception at eNB. And thus, we discuss in this section whether or not D2D PUSCH power control can be a good candidate to resolve timing misalignment problem.
2.1
Evaluation assumptions
For the evaluation, three different scenarios are considered as the following:

· W/O interference (No D2D PUSCH transmission): since there is no D2D PUSCH transmission, PUCCH does not suffer from ISI and ICI. This scenario can be considered to give the baseline of PUCCH performance.

· No power control for D2D PUSCH: PUCCH is transmitted based on TA but D2D PUSCH is transmitted based on DL reference timing. In this scenario, power control mechanism is used for PUCCH transmission only.

· Power control for D2D PUSCH: except that open-loop power control mechanism is used for D2D PUSCH transmission, other assumptions are same.
2.2
Evaluation Results

Figure 2 is showing CCDF of the PUCCH SINR received at eNB when normal CP and T2 = 0 are assumed. Detailed simulation parameters are provided in Annex. It is shown that if D2D PUSCH transmission power decreases appropriately, PUCCH does not suffer from ISI and ICI. 
Observation 1: If open-loop power control is used for D2D PUSCH transmission, PUCCH does not suffer from ISI and ICI any more, even when normal CP and T2=0 are assumed.
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	(a) ISD = 500m
	(b) ISD = 1732m

	Figure 2: CCDF of the cellular PUCCH SINR received at eNB receiver


3
Impact on PUSCH

As shown in Figure 3, there is another interference scenario at eNB when D2D PUSCH is followed by cellular PUSCH. In this scenario, D2D PUSCH is transmitted based on DL reference timing (T2 = 0) but cellular PUSCH is transmitted based on TA command. Thus, cellular PUSCH received at eNB may suffer from timing misalignment problem caused by D2D PUSCH. In this section, we analyze impact of D2D PUSCH transmit timing on cellular PUSCH depending on different evaluation scenarios.
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Figure 3: Interference scenario when D2D PUSCH is followed by cellular PUSCH and T2=0.
3.1
Evaluation assumptions

For the evaluation, three different scenarios are considered as the following:

· W/O interference (No D2D PUSCH transmission): since there is no D2D PUSCH transmission, cellular PUSCH does not suffer from intra-cell interference such as ISI and ICI. This scenario can be considered to give the baseline of cellular PUSCH performance.

· No power control for D2D PUSCH: cellular PUSCH is transmitted based on TA and open-loop power control mechanism, but D2D PUSCH is transmitted based on T2=0 without power control. In this scenario, all symbols in cellular PUSCH and D2D PUSCH use normal CP. 

· Power control for D2D PUSCH: except open-loop power control for D2D PUSCH transmission, other assumptions are same as case of no power control for D2D PUSCH.
3.2
Evaluation results

	Figure 4 is showing CCDF of the cellular PUSCH SINR received at eNB receiver when normal CP and T2=0 are assumed. Detailed simulation parameters are provided in Annex. It is observed that if D2D PUSCH transmission power decreases properly, cellular PUSCH could be not affected by ICI and ISI, even when T2 = 0. However, it is noted that current LTE TDD specification defines NTA,offset = 624Ts for TDD. Thus, in TDD, T2=624Ts should be taken into account to minimize our D2D standardization efforts, because based on our previous discussion, we already know that when T2=624Ts, cellular PUSCH does not suffer from ICI and ISI.

Observation 2: If open-loop power control is used for D2D PUSCH transmission, cellular PUSCH does not suffer from intra-cell interference caused by D2D UEs, even when normal CP and T2 = 0 are assumed.

[image: image5.emf]
[image: image6.emf]
(a) ISD = 500m
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Figure 4: CCDF of the cellular PUSCH SINR received at eNB receiver when open-loop power control is applied for D2D PUSCH transmission.

4   Discovery Performance
There would be trade-off relationship between WAN performance and discovery performance when open-loop power control is applied for D2D PUSCH transmission. In other words, as D2D PUSCH transmission power decreases, impacts to WAN could be minimized but discovery performance could degrade. On the other hand, if D2D PUSCH transmission power is increasing, discovery performance can be improved but impacts to WAN may increase. Based on these observations, we discuss in this section how much discovery performance is affected by D2D PUSCH power control. 

Figure 5 is showing CCDF of the D2D PUSCH SINR received at D2D receiver. Detailed simulation parameters are provided in Annex. It is observed that if P0 is set to -63dBm, we cannot see much significant performance degradation of D2D PUSCH SINR. Keeping this fact in mind and referring back to Figure 2 and Figure 4, we can also observe that PUCCH SINR is shifted to left as compared to the baseline (i.e., without interference). And thus this fact can be shown as WAN performance degradation. However, it should be noted that -7.8dB and -4.3dB is the required SINRs for PUCCH and PUSCH in normal LTE FDD system as given in [3]. Taking into account this, we find that more than 95% of SINR is larger than -7.8dB in PUCCH and larger than -4.3dB in cellular PUSCH.

Observation 3: If appropriate P0 values are set for open-loop power control, discovery performance does not decrease while minimizing impact on WAN.
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Figure 5: CCDF of the D2D PUSCH SINR received at D2D receiver when open-loop power control is applied for D2D PUSCH transmission.



5   Conclusion
This document has discussed transmit timing for D2D discovery and analyzed synchronization performance in terms of CCDF of the received SINR at eNB receiver. The following are our observations and proposals:
Observations 
· If open-loop power control is used for D2D PUSCH transmission, PUCCH does not suffer from ISI and ICI any more, even when normal CP and T2=0 are assumed.
· If open-loop power control is used for D2D PUSCH transmission, cellular PUSCH does not suffer from intra-cell interference caused by D2D UEs, even when normal CP and T2 = 0 are assumed.
· If appropriate P0 values are set for open-loop power control, discovery performance does not decrease while minimizing impact on WAN.

Proposals: 
· In FDD, D2D transmitters in RRC_Connected state should transmit discovery information based on DL reference timing (T2=0).

· In order to minimize timing misalignment problem at eNB, D2D PUSCH power control should be taken into account.
· In TDD, D2D transmitters in RRC_Connected state should transmit discovery information based on one fixed value (T2 = 624Ts).
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A   Evaluation Assumptions

A.1
Impact on PUCCH
Discovery resource allocation

A DUE (D2D UE) can transmit its discovery signal using one DRB (discovery resource block) which consists of one subframe and a resource block, i.e., one PRB pair as shown in [5]. For every DUE, one DRB is selected randomly from nRB×nSF, where nRB is the number of DRBs in a discovery subframe and nSF is the number of subframes in a discovery duration. nRB = 44 and nSF = 10 are used for the evaluation.

Interference calculation
· Randomly drop150 DUEs in each sector.

· Randomly select one DUE from the reference cell i.e., centre cell. The UE will act as the PUCCH transmitter (i.e., legacy UE) and its serving eNB will act as the PUCCH receiver during the simulation. The legacy UE randomly selects a single RB in PUCCH region (6 RBs) within a discovery subframe.

· Every DUE randomly selects one DRB to transmit discovery information in a discovery duration (10ms).

· When a legacy UE transmits PUCCH by using a randomly selected single RB allocated in the nth subframe, DUEs who transmit discovery information by using the DRBs allocated in the (n – 1)st subframe and the nth subframe could be interferers at the eNB receiver.

· SC-FDMA signal is generated at D2D transmitters and reception timing at the eNB receiver is calculated depending on the distance between the DUE and the ENB.

· SINR is calculated as the following:

· Desired signal power is sum of the power at the PUCCH transmitted from the legacy UE after FFT when there is no D2D PUSCH.

· Interference power is sum of ISI and ICI measured at the RB allocated to the legacy UE after FFT when other D2D transmitters transmit discovery signal on their selected resources.

· In order to focus on the impact of ISI and ICI, inter-cell interference between PUCCHs is not taken into account.
A.2
Impact on PUSCH
Discovery resource allocation

Discover resource allocation method is identical with one described in Section A.1.

Interference calculation
· Randomly drop 150 UEs in each sector.

· Randomly select one UE from the reference cell i.e., center cell and the UE will act as the PUSCH transmitter (i.e., legacy UE) and its serving eNB will act as the PUSCH receiver during the simulation. It is assumed that the legacy UE uses whole RBs in cellular PUSCH region (i.e., nRB = 44).

· Every DUE randomly selects one DRB to transmit discovery information in a discovery duration (10ms).

· When a legacy UE transmits PUSCH in the nth subframe, D2D transmitters who transmit discovery information on D2D PUSCH in the (n – 1)st subframe could be interferers at the eNB receiver.

· SC-FDMA signal is generated at transmitters and reception timing at the eNB receiver is calculated depending on the distance between the DUEs and the eNB.

· SINR is calculated as the following:

· Desired signal power is sum of the power at the PUSCH transmitted from the legacy UE in nth subframe after FFT when there is no D2D PUSCH transmission in the (n – 1)st subframe.

· Interference power is sum of ISI and ICI measured at the PUSCH of the legacy UE in the nth subframe after FFT when other DUEs transmit discovery signal on their selected resources in the (n – 1)st subframe.

· In order to focus on the impact of ICI and ISI, inter-cell interference between cellular PUSCHs is not taken into account. 

A.3
Discovery performance
Discovery resource allocation

Discover resource allocation method is identical with one described in Section A.1.

UE behavior
Assuming the random resource allocation mentioned above, each DUE tries to receive and decode as many as discovery signal as possible throughout all possible DRBs, except the DRBs in the subframe where the DUE is transmitting its discovery signal.

Interference calculation
· Randomly drop 150 DUEs in each sector.

· Randomly select one UE from the reference cell i.e., center cell and the UE will act as the D2D receiver during the simulation. Randomly select another UE from the entire 7 cells and the UE will act as the target D2D transmitter during the simulation.

· Every transmitter randomly selects one DRB to transmit discovery information in a discovery duration (10ms).

· When a D2D transmitter transmits discovery information by using the DRB allocated in the nth subframe, D2D transmitters who transmit discovery information by using the DRBs allocated in the (n – 1)st subframe and the (n + 1)st subframe could be interferers at the D2D receiver.

· According to transmit reference timing, SC-FDMA signal is generated at transmitters and reception timing at the D2D receiver is calculated depending on the distance between two DUEs.

· SINR is calculated as the following:

· Desired signal power is sum of the power at the DRB transmitted from the target transmitter after FFT when only the target transmitter UE transmits discovery signal is assumed.

· Interference power is sum of the interference power (ISI and ICI) measured at the DRB of the target transmitter when other D2D transmitters transmit discovery signal on their selected resources.

· In order to remove the effect of resource collision, it is assumed that there is no transmitter who uses the same DRB as the target transmitter.
B   Evaluation Parameters
	Deployment scenario for the evaluation
	Urban Macro Scenario

	Layout
	Hexagonal grid, 7 cell sites, 3 sectors per site, wrap around

Option 3: Urban macro (500m ISD) (all UEs outdoor) 
Option 5: Urban macro (1732m ISD) (all UEs outdoor)

	Carrier frequency
	2GHz (option 3), 700MHz (option 5)

	Number of D2D UEs
	150 UEs per sector

	FFT size
	1024

	CP size
	72/80 samples (Normal CP), 256 samples (extended CP)

	Path loss model
	Agreed assumption

	
	O2O
	PL_B1_tot = max(PLfreespace, PL_B1), where
· Winner+ B1 pathloss (PL_B1) with:

· hBS = hMS = 1.5m
· hBS’ = hMS’ = 0.8m

· LOS offset = 0 dB
· NLOS offset = -5 dB

	
	LOS Probability
	PLOS=min(18/d,1)((1-exp(-d/36))+exp(-d/36) 

	Shadowing
	O2O
	7 dB log-normal

	Multi-path model
	ETU

	Noise Figure
	9 dB

	In-band emission model
	Not applied

	Discovery Resources
	44 RBs × 10 subframes

	PUCCH zone
	6 RBs per each subframe

	Power control
	Open-loop power control

	Network Synchronization
	Synchronous network
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