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1
Introduction
In last RAN1#76bis meeting, the CP length for D2D communication and discovery was agreed as the following [1]:
· If the transmitting UE is in-coverage, the CP length for D2D signals and cellular traffic are independently configured
· D2D CP length is set by common higher layer signaling
· The impact on cellular traffic of using a different CP length for D2D should be minimised.
Additionally, possible options for WAN protection in case D2D and WAN resources are FDMed from system perspective were discussed as the following [1]:
· Option 1) Power control for D2D signal transmission
· Note 1: Transmit power is controlled by eNB in Communication Mode 1 and discovery Type 2
· Note 2: Fixed power (non-UE specific) or open loop power control can be considered in Communication Mode 2 (if supported by in-coverage UEs) and discovery Type 1
· Note 3: Solutions to cope with D2D coverage difference when UE-specific transmit power control is applied is different should be considered.
· Option 2) RSRP measurement based resource selection restriction
· Option 3) Guard band between WAN and D2D resources
· Option 4) Power boosting of WAN transmission
· Others including combination between options are not precluded.
When PUCCH is FDMed with D2D PUSCH within a Type 1 discovery subframe, PUCCH received at eNB is subject to ICI (Inter-carrier Interference) caused by D2D PUSCH due to different transmit reference timing between PUCCH and D2D PUSCH. This ICI problem can be more severe if different CP length is used for PUCCH and D2D PUSCH as discussed in [2]. The possible options mentioned above can be taken into account as candidates to resolve ICI problem in Type 1 discovery. 
In this contribution, we will compare PUCCH SINR performance when different options are used for WAN protection.
2
Performance Comparison
In this section, we briefly describe the possible candidates to resolve ICI problem and provide evaluation results.

2.1
Evaluation assumptions
Basic assumptions

· PUCCH is FDMed with D2D PUSCH within every subframe.

· PUCCH is transmitted based on TA and D2D PUSCH is transmitted based on DL reference timing.

· Different CP length is used for PUCCH and D2D PUSCH (e.g., normal CP for PUCCH and extended CP for D2D PUSCH)

· Power control is applied for PUCCH.

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

· Detailed simulation parameters are provided in Annex.

On top of these basic assumptions, the following scenarios are considered:

Evaluation scenarios

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

· Guard band: guard RBs are used between PUCCH and D2D PUSCH. The number of guard RBs is one of system parameters.

· PUCCH power boosting: PUCCH transmission power increases by X dBm as compared to original PUCH transmission power, where X dBm is one of system parameters.
· Power control for D2D PUSCH: open-loop power control mechanism is used.
· RSRP measurement based resource selection restriction: D2D resource selection rule depends on the RSRP measurement between a D2D transmitting UE and its serving eNB. For example, if high RSRP is measured at a D2D transmitting UE, the UE transmits its D2D signal on the RBs far from PUCCH. On the other hand, if low RSRP is measured at the UE, then it is allowed for the UE to transmit its D2D signal on the RBs close to PUCCH. Thus, resource selection criterion (e.g., RSRP threshold) could be a critical factor that governs PUCCH performance.
2.2
Evaluation Results

Figure 1 is showing CCDFs the PUCCH SINR received at eNB when guard RB is used to protect WAN PUCCH from ICI. In the figure, guard RB y means that we use 2y guard RBs on top and bottom between PUCCH and D2D PUSCH. It can be found from the figure that guard RB is not a good candidate to resolve ICI problem.
Observation 1: Guard RB is not a good candidate to resolve ICI problem. 
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	Figure 1: CCDFs of the PUCCH SINR when guard RB is used.


Figure 2 is showing CCDFs of the PUCCH SINR received at eNB when PUCCH power boosting is used. In the figure, ΔP means an power offset to be boost. It is shown that power boosting can enhance PUCCH SINR performance as ΔP increases in high SINR region. However, PUCCH performance cannot be improved in low SINR region in spite of large ΔP. Moreover, it should be noted that inter-cell interference between PUCCHs is not taken into account in current evaluation to capture the impact of ICI. In other words, PUCCH SINR performance will be worse if the inter-cell interference between multiple PUCCHs is reflected. This effect is also discussed in our companion contribution [3]. 

Observation 2: WAN power boosting is not a good candidate to resolve ICI problem. 
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	Figure 2: CCDFs of the PUCCH SINR when power boosting is applied for PUCCH.


Figure 3 is showing CCDFs of the PUCCH SINR received at eNB when open-loop power control is applied for D2D PUSCH. In the figure, it is observed that if D2D PUSCH transmission power decreases properly, e.g., if the UEs who are close to eNB decrease their D2D transmission power, PUCCH performance can be guaranteed. It should be also noted that open-loop power control can mitigate in-band emission problem as shown in our companion document [3].Thus, we can conclude that open-loop power control can be a good solution to resolve ICI problem as well as in-band emission by D2D UEs.

Observation 3: Open-loop power control can be a good solution to minimize WAN impact.
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	Figure 3: CCDFs of the PUCCH SINR when open-loop power control is used.


For RSRP measurement based resource restriction, a resource selection criterion is needed such as RSRP threshold, path-loss threshold, or distance threshold, and the criterion should be related to the RB position in frequency domain. Table 1 is showing PUCCH SINR performance in dB scale depending on ΔRB (relative position from PUCCH in frequency domain) and distance between eNB and a D2D transmitting UE. It can be found from Table 1 that PUCCH performance in shadow area does not guarantee the required PUCCH SINR (-7.8dB) as given in [4].
Table 1: PUCCH SINR [dB] depending on ΔRB and distance from eNB
	
	Distance [m]
	126.95
	136.72
	146.48
	156.25
	166.02
	175.78
	185.55
	195.31

	ΔRB
	
	
	
	
	
	
	
	
	

	1
	-33.72
	-32.45
	-31.86
	-29.88
	-29.60
	-27.81
	-26.79
	-26.19

	2
	-22.45
	-21.23
	-20.65
	-19.10
	-17.94
	-15.62
	-15.08
	-14.88

	3
	-18.78
	-17.39
	-15.90
	-14.73
	-14.10
	-11.95
	-10.94
	-10.83

	4
	-16.10
	-15.15
	-13.54
	-13.61
	-11.42
	-10.40
	-9.69
	-9.37

	5
	-14.26
	-12.97
	-11.61
	-11.65
	-9.77
	-9.08
	-8.06
	-7.80

	6
	-12.33
	-11.18
	-10.67
	-9.21
	-8.07
	-7.33
	-6.36
	-5.65

	7
	-11.22
	-10.30
	-9.07
	-8.02
	-7.39
	-5.92
	-5.45
	-5.19

	8
	-10.14
	-8.49
	-8.02
	-7.44
	-5.87
	-5.55
	-4.39
	-4.05

	9
	-9.36
	-8.40
	-6.64
	-6.30
	-5.23
	-4.48
	-3.43
	-2.08

	10
	-8.42
	-7.07
	-5.97
	-5.38
	-4.61
	-2.89
	-2.87
	-1.76


Observation 4: RSRP measurement based resource restriction is not a good candidate to resolve ICI problem.

4   Conclusion
This document provides PUCCH performance when potential candidates are applied to protect WAN PUCCH from ICI caused by D2D PUSCH. The following are our observations:
Observations 
· Guard RB is not a good candidate to resolve ICI problem.
· WAN power boosting is not a good candidate to resolve ICI problem.

· Open-loop power control can be a good solution to minimize WAN impact such as ICI and in-band emission problems.
· RSRP measurement based resource restriction is not a good candidate to resolve ICI problem. 
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A   Evaluation Assumptions
A.1
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.

A.2
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 received PUCCH power at eNB transmitted from the legacy UE within FFT processing window when there is no D2D PUSCH.

· Interference power is total received PUCCH power within the FFT processing window minus the desired signal power.

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

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) 

	Carrier frequency
	2GHz

	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

	Max. transmission power
	23dBm for option 3

	Power control
	Open-loop power control

	Network Synchronization
	Synchronous network


