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1 Introduction
In the previous meeting, the impact of D2D transmissions to cellular systems was discussed and some potential measures to address the impact were proposed. The following agreement was reached on applying open-loop power control for D2D transmissions [1]. 
Agreement:

· Open loop power control mechanism is specified for in-coverage UEs for Mode 2 communication and Type 1 and Type 2 discovery

· Values of P0 and alpha are signalled by higher layers (let RAN2 decide details)

· Different values of P0 and alpha can be used for Type 1 discovery, Type 2 discovery, and communication

· One of the values of alpha available is 0.
· Values of P0 and alpha that lead to transmission at Pcmax by all UEs are supported
Additionally, another potential method to address the impact is the discovery resource grouping. The following WF was proposed at RAN1-78 [2].
WF on resource grouping for type 1 discovery RSRP based resource grouping is supported for type-1 discovery
· There are two groups within a discovery signal transmission resource pool 
· Different subframes are assigned to each group
· Group is selected by a UE for discovery signal transmission based on UE RSRP measurement or DL path-loss
· Resources for each group and RSRP threshold (or DL Path-loss threshold) are configured by the network
In this paper, we further discuss the detail of the above two methods. In particular, for the power control approach, the negative impact to the discovery is simulated and discussed. For the resource grouping approach, an interleaving arrangement of the grouped resources and their advantages are discussed. 
2 Open-loop power control for D2D transmission
The open-loop power control (OLPC):

To protect the cellular transmissions, it has been agreed that the open-loop power control is used for the D2D transmitters to suppress the interference level at eNB. The detailed discussion on the D2D power control is provided in a companion paper [5]. 
Negative impact of OLPC to D2D transmissions:

As mentioned above, OLPC for the D2D transmit power may lead to severe disparity in the D2D transmit powers, especially when alpha is set to 1, resulting in non-uniform D2D transmission coverage. Some system level simulations were performed to illustrate this, with the results being shown in Fig. 1. The system simulations used the evaluation method prescribed in [4] in 19-cell layout 3 with 150 uniformly dropped UEs/sector. 44 PRBs out of the total 50 are used for discovery with discovery resource size of 2-PRB over 1 subframe. In the OLPC for D2D UEs, alpha is set to 1 and P0_D2D is set to -80dBm. From the figure, we observe:
Observation-1: with open-loop power control, the in-band interference to the cellular is controlled well, however, at the cost of severe disparity in D2D transmit powers (e.g., disparity of more than 50dB is observed in the simulations). 
Observation-2: the disparity in D2D transmit powers leads to severely non-uniform transmission range. The D2D transmitters with low transmit power can only cover tens of meters, while those with high transmit power can cover up to 1km distance. 
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(a) Received PUCCH SINR
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(b) D2D user transmit power
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(c) Discovery packet transmission range (500 lowest/highest DTX powers are used in this figure)
Figure 1: Open-loop power control for alleviating in-band interference impact

3 Discovery resource grouping
The resource grouping method is motivated by the fact that with fixed transmit power (e.g., 23dBm), the in-band interference to the eNB mainly comes from the cell center D2D UEs. Thus, the discovery resource could be divided into two groups, one group (say group-1) is for the cell center UEs while the other group (say group-2) is for the cell edge UEs. As per the resource configuration framework agreed in RAN1-78, two type 1 discovery resource pools can be configured as the two resource groups. In this case, the interference to the FDMed cellular signals at eNB is further degraded over the group-1 subframes, while the interference situations are alleviated over the group-2 subframes. In other words, the reduced interference over group-2 subframes is achieved at the cost of the degraded interference over group-1 subframes. In the following, we will describe the resource grouping in detail in several aspects. 
Resource grouping configurations:

In LTE FDD system, there is a constant relationship between the DL cellular traffic transmission (say at #n subframe) and its associated HARQ feedback timing in UL carrier, i.e., at #n+k subframe, k=4. To achieve the potential benefits of resource grouping, the subframes of the two resource groups can be interleaved in the time domain, as shown in Figure 2. Note that in the figure, the size of the two resource groups is assumed to be the same, but in practical applications, the eNB could configure the resource of the two groups with different numbers of subframes according to specific situations. 
The benefits of the interleaved arrangement of the two resource groups are apparent: the persistent severe in-band interference to eNB is avoided. On the basis of the interleaved resource groups, the impact of the in-band interference from D2D transmissions could be largely alleviated through restricted DL scheduling, as described below. 
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Figure 2: Illustration of restricted resource selection in FDD
In LTE TDD system, the relationship between the DL cellular traffic transmission (say at #n subframe) and its associated HARQ feedback timing (say at #n+k subframe) is dependent on both the used TDD DL-UL configuration and the specific DL subframe (i.e., #n subframe). In the DL heavy TDD configurations (e.g., TDD configuration 1~5), one UL subframe may need to carry the HARQ feedbacks of the DL cellular traffic of multiple DL subframes. In order to reduce the impact on the HARQ feedback of DL cellular traffic, the discovery resource configuration shall consider the factors of TDD configuration and specific subframe position. The Figure 3 shown below illustrates the number of DL subframes that each UL subframe is related to in the HARQ feedback transmission for DL traffic. 
Observation-3: In the UL heavy TDD configuration (i.e., configuration 0), there are UL subframes that don’t carry the HARQ feedback, which are especially suitable for the D2D subframes. 

Observation-4: In the DL heavy TDD configurations (e.g., configuration 5, 2 and 4), the UL subframes may not be so suitable for the D2D subframes due to the scarcity and the potential spreading of the impact of D2D transmissions on the DL traffic transmissions. 
Based on above observations, Figure 4 shows an example of the type 1 discovery resource pool configurations. In the example, the #3 and #8 subframes in radio frame are used to constitute one discovery resource pool (say resource group 1) while the #4 and #9 subframes in radio frame are used to constitute another discovery resource pool (say resource group 2). The resource group 1 is used for cell center type 1 discovery users where the high interference of the D2D signals may not be a problem since there is no HARQ feedback multiplexed with the D2D signals in frequency. The resource group 2 is used for the cell edge discovery users which may have little impact on the DL traffic due to their large pathloss to the eNB. 
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Figure 3: Illustration of the number of DL subframes that each UL subframe is related to in the HARQ feedback transmission
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Figure 4: an example of the discovery resource configuration with TDD configuration 0
Restricted DL scheduling for legacy UEs:

Given the discovery resource configurations with resource grouping, the eNB preferably schedules the downlink data transmissions on the specific subframes such that the ACK/NACK feedback from these UEs is limited to the cell edge D2D resource group, e.g., in LTE FDD the base station schedules the DL data of legacy UEs to downlink subframe #n only if the uplink subframe #n+4 belongs to the cell edge associated D2D resource group. Since the in-band emission interference from the cell edge D2D transmitters is rather weak at the eNB receiver, the in-band interference from D2D to the ACK/NACK reception at the eNB is largely avoided. The restricted DL scheduling for legacy UEs is illustrated in Fig. 5. 
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Figure 5: Illustration of restricted DL scheduling for legacy UEs
Under the resource grouping based discovery resource configurations, different D2D power control configurations can be employed on the cell center resource pool and cell edge resource pool. Since the D2D transmissions over the cell edge resource pool have protected the DL cellular traffic naturally by their relatively large pathloss to the eNB, the relatively aggressive D2D power control configuration can be used, e.g., maximum available transmit power can be used by properly setting the power control parameters of PO_D2D (31dBm) and alpha (0). On the other side, for the cell center resource pool, if the cellular transmissions are frequency multiplexed with the D2D transmissions, a more conservative D2D power control configuration could be used (e.g., PO_D2D=-80dBm or other values, alpha=1). 
Specification impact of resource grouping:
The specification impact of the resource grouping method is limited, as follows
· In the type-1 discovery resource configuration information (e.g., SIB signaling), the following resource grouping related parameters would need to be included:
· The offset of the first subframe for the specific resource group in the type-1 resource pool. Note that the offset parameter could be avoided if a default offset value is specified, e.g., 0. 
· The interval of the interleaving patterns for the specific resource group, in unit of subframes. 
· The number of the interleaved subframes for the specific resource group. 

· The specific resource group type, if it is explicitly signaled. Alternatively, it is not needed if a fixed group type is specified beforehand. The former has more flexibility. 

· The threshold of RSRP (or pathloss) to classify cell centre or cell edge D2D UEs. 
We can see that the standard impact of the interleaved resource grouping is limited.
System simulation results:
Some system level simulations were performed to evaluate the resource grouping approach, with the results being shown in Fig. 6~8. The system simulations used the evaluation method prescribed in [4]. Some main parameters are listed in the table in appendix. In particular, the total discovery resource size is assumed to be 44 PRBs over 64 subframes and a pathloss threshold of 90dB is used to classify the UEs positions relative to the eNB. 
Figure 6 shows the system results for layout option 3 with outdoor uniform 150 discovery UEs per sector. In the simulations, the interleaved discovery resource pool configurations are assumed each with a size of 44 PRB in frequency and 32 subframes in time. From the results, we can observe that over the cell edge resource pool, the PUCCH SINRs are mostly larger than -10dB (about 97% SINRs are larger than -7.0dB). This is achieved at the cost of the degraded PUCCH SINRs over the cell center resource pool, as shown in the figure. Note that in the simulations, the maximum transmit power of 23dBm is assumed for all the D2D UEs. From Fig. 6(b), we can see that the cell center UEs and the cell edge UEs have similar transmission coverage which is due to the same transmit power and same transmission environments. This is in contrast to the severe disparity of the transmission coverage for the case with power control shown in Figure 1(c). 
Figure 7 and 8 show the system results for layout option 1 with 150 discovery UEs per sector. In the simulations, a total discovery resource with size 44 PRB over 64 subframes is assumed. In particular, with D2D power control scheme, a single discovery resource pool is used, while for resource grouping scheme, one cell center resource pool and one cell edge resource pool are used, with the size (cell center pool, cell edge pool) = (32, 32) SFs, (16, 48) SFs, and (8, 56) SFs, respectively. Both the pools use all the 44 PRBs in frequency domain. From the results, we can see that the PUCCH SINRs over the cell edge resource pool are largely controlled to be above -10dB and the resource pool size change from 32 SFs to 56 SFs only has limited impact on the SINR distribution. While for the PUCCH SINRs over the cell center resource pool, they are further severely degraded and the pool size change from 32 SFs to 8 SFs has large impact on the SINR distribution. Note that the D2D power control isn’t used for the cell center UEs. Motivated by the severe SINRs, more stringent D2D power control could be employed for the D2D transmission over the cell center resource pool. From Figure 8, we can see that apparently, the power control has a larger impact on the number of discovered neighbors than the resource grouping scheme.
Observation-5: with the resource grouping approach, the PUCCH SINR at the eNB is controlled mostly above -10dB in the cell edge resource group subframes. The PUCCH SINR in the cell centre resource group subframes is severely degraded. 

Observation-6: with the resource grouping approach, the D2D transmitters within the two resource groups have similar transmission range. 
Observation-7: the power control scheme generally has larger impact on the D2D discovery performance than the resource grouping scheme. 

Proposal-1: Discovery resources can be grouped into two interleaved type-1 discovery resource pools with different power control targets in order to address the impact of type-1 discovery transmissions on the cellular system. 

Proposal-2: The type-1 discovery UEs are autonomously divided into cell center UEs and cell edge UEs based on the RSRP threshold and make the discovery resource selections from respective discovery resource pools. 
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(a) Received PUCCH SINR
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(b) Discovery packet transmission range

Figure 6: Discovery resource grouping for alleviating in-band interference impact
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Figure 7: 
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Figure 8: 

4 Conclusions
In this paper, we discuss the power control and resource grouping schemes to address the impact of D2D transmissions on cellular systems. The following observations and proposals are provided.
Observation-1: With open-loop power control, the in-band interference to the cellular is controlled well, however, at the cost of severe disparity in D2D transmit powers (e.g., disparity of more than 50dB is observed in the simulations). 

Observation-2: The disparity in D2D transmit powers leads to severely non-uniform transmission range. The D2D transmitters with low transmit power can only cover tens of meters, while those with high transmit power can cover up to 1km distance.

Observation-3: In the UL heavy TDD configuration (i.e., configuration 0), there are UL subframes that don’t carry the HARQ feedback, which are especially suitable for the D2D subframes. 

Observation-4: In the DL heavy TDD configurations (e.g., configuration 5, 2 and 4), the UL subframes may not be so suitable for the D2D subframes due to the scarcity and the potential spreading of the impact of D2D transmissions on the DL traffic transmissions.

Observation-5: With the resource grouping approach, the PUCCH SINR at the eNB is controlled mostly above -10dB in the cell edge resource group subframes. The PUCCH SINR in the cell centre resource group subframes is severely degraded. 

Observation-6: With the resource grouping approach, the D2D transmitters within the two resource groups have similar transmission range. 

Observation-7: The power control scheme generally has larger impact on the D2D discovery performance than the resource grouping scheme. 

Proposal-1: Discovery resources can be grouped into two interleaved type-1 discovery resource pools with different power control targets in order to address the impact of type-1 discovery transmissions on the cellular system. 

Proposal-2: The type-1 discovery UEs are autonomously divided into cell center UEs and cell edge UEs based on the RSRP threshold and make the discovery resource selections from respective discovery resource pools. 
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Appendix

System level simulation conditions

	Parameters
	Values

	Layout scenario
	Layout option 1 with mixed indoor-outdoor UEs

Layout option 3 with uniform outdoor UEs. 

Synchronous 19 sites (i.e., 57 sectors) with wrap around are assumed.

	UE number
	150 per sector

	Discovery resource pool
	44 PRBs over 64 subframes

	Discovery resource unit
	2 PRBs over 1 subframe

	(re)transmission number per MAC PDU
	1 (no retransmission used)

	Antenna numbers
	1 TX and 2 RX per UE

	Maximum transmit power
	23dBm

	Carrier frequency
	2.0GHz

	Fading channel
	ITU UMi (as per [5])

	Pathloss model
	As per specification of [5]

	In-band emission
	Used with [W,X,Y,Z]=[0,0,0,0]
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