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1. Introduction
Resource allocation for D2D communication was discussed in RAN1 #76bis and the following agreements on resource patterns for transmission (RPT) were made:
Agreements:
· One or more resource patterns for transmission (RPT) of time and/or frequency resources for multiple transmission opportunities of data TBs can be defined

· RPT is either implicitly or explicitly signaled by the eNB or Rel-10 Relay for Mode1

· RPT is either implicitly or explicitly signaled in SA

· If multiple transmission opportunities of the same SA are supported

· FFS whether one or more RPT are defined for (re)-transmissions of SAs

For the resource allocation Mode 2, it is important for each Tx UE how to determine the data resource. In this contribution, we adopt the concept of RPT (which generally implies the pattern of the combinations of Tx data resources at each Tx opportunity) and discuss on the details of the RPT for the distributed resource allocation. In addition, the UE behavior in Mode 2 communication and the issues in the resource pool configuration are also discussed.
2. Mode 2 resource allocation for D2D communication
2.1. Time randomization for D2D transmissions
The resource unit and resource pool considered in [1] are defined as illustrated in Figure 1. The whole frequency region is divided into NF units and each resource unit appears with the periodicity of NT subframes. This figure illustrates an example that the patterns are orthogonal to each other and the Tx opportunity in each pattern is consecutive. 
We note that the discussion on the RPT in this paper focus on the time resource pattern (i.e., T-RPT). If the frequency resource pattern is also included in defining RPT, the final number of RPT should be increased as each RPT pattern will be defined as a combination of time pattern and frequency pattern. 
In Figure 1, we assumed no frequency or time domain resource hopping and the four repeated transmissions of each Tx opportunity are carried out within four consecutive subframes. There are total of 5 units within 20 ms periodicity. In this case, it can be said that there are only 5 T-RPT for a specific frequency slot in each 20 ms period. Each transmitter UE uses one resource unit that consists of MRB RBs repeated over MSF subframes. We set MRB=4 and MSF=4 with NF=12 (in 10 MHz (=50 RB) bandwidth) and NT=20 in the evaluations to be discussed in the next subsection. Thus, 60 resource units are defined in total. With the example in Figure 1, one MAC PDU undergoes the same interference situation at each subframe within the T-RPT for it. For example, the entire MAC PDU transmission will suffer from resource collision if it collides with another MAC PDU at the first subframe. On the other hand, such an orthogonal structure makes it easier to adopt a collision avoidance mechanism because the number of interference pattern to be observed is limited.

The D2D reception performance can be improved by doing some randomization for T-RPT. For a fair comparison with the T-RPT structure depicted in Figure 1, only the randomization of the time allocation is considered in this contribution as shown in Figure 2. When there is no limit for the number of RPTs indicated via SA, four different subframes out of total 20 subframes can be selected to generate a T-RPT, which leads to 4845 T-RPTs in total. To observe the performance with a reasonable number of T-RPTs, we used 16 T-RPTs or 256 T-RPTs generated by the method in [2].
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Figure 1. An illustration of orthogonal RPTs.
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Figure 1. An illustration of randomized RPTs.
2.2. Evaluation of the performance using RPT
This section provides some evaluation results according to the RPTs which are expected to control the aspect of the interference randomization. The following resource allocation methods are evaluated and compared:

· Random selection among time-orthogonal RPTs: A set of MSF=4 consecutive subframes is randomly selected in every NT subframes. If NT= 20 and MSF=4, there are 5 orthogonal patterns per each frequency slot. First, the Tx UE randomly selects the frequency slot among the whole available bandwidth and then randomly selecst one of the 5 orthogonal patterns shown in Figure 1 for the selected frequency slot.
· Fully random selection: Each Tx UE randomly select the frequency slot among the whole available bandwidth similar to the above method. Then, the Tx UE randomly selects MSF=4 subframes among the total NT=20 subframes.
· Random selection among a predefined set of RPTs: The RPT selection is the same as the fully random selection except that the number of available T-RPTs is 16 or 256.

· Energy sensing among a predefined set of RPTs: The energy sensing is performed at each TX UE to find the resources with minimum received energy in both frequency domain and time-domain (i.e. the Tx UE measures the energy of the whole RPT patterns in every frequency slot). 16 T-RPTs are considered for the evaluation, and a sequential selection over the entire UE set is assumed.
We assume that the scheduling information indicated in a SA is valid during 100 ms. More details on simulation assumptions are shown in Appendix A. Figure 3 shows the evaluation results for 3 Tx UEs per cell for various UE dropping models (outdoor hotspot, outdoor uniform and indoor-outdoor mixture). It can be observed that, for the random resource selections, better performance is achieved with a larger T-RPT set size. This is because each D2D transmission exploits more interference randomization effect which is critical to the performance under the random resource selection. Comparing the random allocation to the energy-sensing based method, the results show that more than 16 T-RPTs are needed to provide comparable performance. In other words, if the number of T-RPTs is limited, some collision avoidance method should be adopted.
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(a) Outdoor hotspot
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(b) Outdoor uniform

[image: image5.png]CDF

1.00

0.90

0.80

0.70

0.60

0.50

0.40

0.30

0.20

0.10

0.00

10.00 15.00

Number of Successful Connections

20.00

------ Random selection among
5 subframe patterns

------ Random selection among
16 subframe patterns

------ Energy sensing among
16 subframe patterns

——Random selection among
256 subframe patterns

——Fully random selection of
subframe pattern

=== Upper bound

25.00




(c) Indoor-Outdoor mixture

Figure 3. Performance of resource allocation for D2D communication
Observation: Collision avoidance method such as energy sensing shows better performance than random selection when the number of supported T-RPT is small. Random selection provides sufficient performance when the number of supported T-RPT is large.
2.3. UE behaviors in More 2 resource allocations
There are some questions to be answered to define a correct UE behavior in Mode 2 resource allocations.
Q1. Can a UE always transmit SA?
It is a natural assumption that a UE buffering D2D traffic is allowed to transmit SA whenever the network allows Mode 2 communication. The question can be focused on a UE temporally having no D2D traffic. From the resource efficiency point of view, it could be beneficial if the specification prohibits such a UE from transmitting SA so that interference to the other SA transmissions does not occur. From the latency point of view, however, such prohibition may not be the best way. It is generally understood that the SA period is relatively longer (e.g., hundreds of milliseconds) to reduce the control signaling overhead as well as UE battery consumption, and a single SA transmission schedules transmissions of multiple data MAC PDUs. Thus, when a UE has no D2D traffic at a time instance of SA pool occurrence but D2D data arrives after that, the data transmission should be delayed to the next SA period under the restriction that only a UE having D2D traffic can transmit SA. Given that the focus of D2D communication is on delay-sensitive traffics like VOIP, it seems desirable to allow a UE which temporally has an empty D2D buffer is still allowed to transmit SA for the potential data arrival although it may slightly increase the interference in the SA pool. If no D2D data arrives for a sufficiently long time, such a UE does not transmit SA assuming that the D2D traffic is not active any more.
Proposal 1: A UE shall not transmit SA if no D2D data arrives for a given time duration.

Q2. Can a UE select any RPT?

Each UE autonomously selects an RPT to use in Mode 2 communications. However, it is unclear whether the full freedom is allowed to every UE transmitting D2D based on Mode 2, especially when the UE is inside network coverage. For the frequency resource selection, it is straightforward that a UE shall not select an RPT which uses an RB not included in the configured resource pool. For the time resource selection, if two different T-RPTs can have different “D2D transmission subframe density,” i.e., one T-RPT can indicate more subframes for transmissions than another T-RPT, it is necessary for the eNB to have controllability on this D2D transmission subframe density of each UE, e.g., for WAN protections as well as interference control between D2D links. For example, if eNB observed that there are too many Mode 2 D2D transmitters in its cell, it may prohibit them from using a set of T-RPTs indicating relatively more subframes as D2D transmissions. Each UE limits its T-RPT selection to a subset of T-RPTs based on the eNB configuration.
Proposal 2: The network should be able to control the set of T-RPTs that can be selected by a UE transmitting Mode 2 communication.
3. Configuration of resource pools
It was agreed that the resource pool for Mode 2 communication is configured to indicate a super set of time/frequency resources usable for each D2D data transmission. How to signal the resource pool configuration was discussed in the email discussion [77-20] RRC parameter list and LS for D2D, but a lot of details remained as open issues. This section focuses on time and frequency resource allocation for each pool, and the synchronization aspect of the resource pool is discussed in [3] in the context of the inter-cell D2D. We note that the principles and methods discussed below are also applicable to configuring resource pools for discovery. Also, if resource pool configuration is agreed for Mode 1 communications [2], the same configuration method can be reused.
3.1. Frequency resource allocation for a resource pool
Basically, the signaling overhead is not expected to be a big problem as higher layer signaling is used for the resource pool configuration. Thus, the configuration flexibility can be prioritized over the signaling overhead as far as the resource pool configuration message size remains at the level of existing RRC configuration messages. The detailed design for the frequency resource pool configuration should take the following into consideration for efficient D2D operations:
· D2D resource pool configuration needs to consider FDM with PUSCH transmissions in a subframe. For example, transmission of a narrow-band D2D signal in the middle of the system bandwidth blocks a wideband PUSCH resource allocation. This problem can be mitigated if the network configures the D2D resource pool near the two edges of the system bandwidth and let the contiguous RBs around the center frequency are used by PUSCH transmissions.
· D2D resource pool configuration needs to consider the existing ICIC operations. For example, a cell wants to place a D2D resource pool on the RBs not suffering from high interference caused by PUSCH transmissions in a neighboring cell. If the network operates UL ICIC based on HII, the cell may receive HII signaling via X2 interface and it can expect low interference on the set of RBs that are indicated as low interference sensitivity in the received HII. Then, the cell can configure the D2D resource pool using the identified low interference RBs. As the ICIC messages in X2 interface X2 interface provides the full flexibility using a bitmap with one RB granularity, enough flexibility is necessary to configure the resource pool accordingly.

· D2D resource pool configuration needs to consider the frequency diversity of the D2D signals to use the pool. It is generally assumed that frequency hopping will apply to D2D signals to improve the reliability. Thus, it is desirable that the set of RBs belonging to a resource pool is well separated over the system bandwidth. Especially, this frequency diversity aspect needs to be carefully considered when multiple resource pools are FDMed within a single cell or across multiple cells. Figure 4 illustrates two cases where two pools are configured and each of them consists of two subbands. We can easily observe that the allocation in Figure 4(a) is better than that in Figure 4(b) in the sense that it equalizes the frequency diversity gain in the two pools as much as possible.
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Figure 4. Two examples of configuring two resource pools in an FDM manner.

The bitmap with the 1-RB granularity would provide the full flexibility in configuring a D2D resource pool. If the signaling overhead is a problem, we can consider either
· Reducing the bitmap length by taking the N-RB granularity. In this case, N can be the minimum RB size of the corresponding D2D channel.

· Using a kind of multi-cluster allocation. For example, each pool consists of two subbands (not necessarily symmetric to reflect the above discussions), each of which has a set of contiguous RBs.

Proposal 3: Frequency resource configuration for a resource pool should allow enough flexibility to consider the coexistence with an FDMed PUSCH, existing ICIC operation, and frequency diversity of each pool.

3.2. Time resource allocation for a resource pool
An important issue in configuring time resource for a D2D resource pool is the coexistence with the existing UL HARQ processes. The current LTE is adopting aynchronous UL HARQ where a packet transmitted at subframe #n can be retransmitted only at a predefined subframe #n+k. The value k is dependent of the duplex mode and the UL/DL configuration in TDD.
Enough flexibility is necessary for the time resource configuration as well in order to avoid the problem of HARQ process suspension depicted in Figure 5. FDD is assumed in this figure and two consecutive subframes are configured as D2D subframes with a certain period. Subframes marked with the same color are used for a single UL HARQ process. In Figure 5(a), the period of D2D subframe is 10 ms, thus PUSCH transmission at subframe #4 and #5 cannot be retransmitted at subframe #12 and #13 if the UE needs to participate in D2D. On the other hand, in Figure 5(b) where the period of D2D subframe is 8 ms, 6 out of the 8 processes are used for PUSCH without being interrupted by D2D operations.
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Figure 5. Two examples of configuring time resource for D2D resource pool.

The above discussion suggests that the period of the appearance of D2D subframes should be a multiple the UL HARQ period used. In the current specification, the UL HARQ period (the period of repeating the pattern of UL subframes used for a single HARQ process, strictly speaking) is defined as follows:

· 8 ms in FDD

· 70 ms in TDD UL/DL configuration #0

· 60 ms in TDD UL/DL configuration #6
· 10 ms in the other TDD UL/DL configurations

Thus, the period of repeating the pattern of D2D subframes should be a multiple of one of these values. One possibility is to make the period configurable so that the network chooses the one compliant with the ongoing UL HARQ period.

Proposal 4: The period of repeating the pattern of D2D subframes should be a multiple of one of these values.
Another issue in configuring D2D subframes is whether to include static DL subframes in the signaling. To be specific, subframes #0, 1, 5, 6 are always DL or special subframes in all the TDD UL/DL configurations and the D2D is not possible on them. Therefore, excluding theses subframes can reduce the resource pool configuration signaling overhead.
Proposal 5: In TDD, subframes #0, 1, 5, 6 are excluded in the time resource of the resource pool configuration.

The following is an example design based on the above two proposals:

· Three bitmap lengths {36, 40, 42} are supported.

· When 36 bits are selected, they are applied to the subframes skipping subframes #0, 1, 5, 6. This leads to a subframe pattern with the length of 60 ms, and this pattern is repeated with 60 ms period. This is for TDD UL/DL configurations other than configuration #0.
· When 40 bits are selected, they are applied to all the subframes. This leads to a subframe pattern with the length of 40 ms, and this pattern is repeated with 40 ms period. This is for FDD.
· When 42 bits are selected, they are applied to the subframes skipping subframes #0, 1, 5, 6. This leads to a subframe pattern with the length of 70 ms, and this pattern is repeated with 70 ms period. This is for TDD UL/DL configurations other than configuration #6.
In order to further reduce the number of bitmap lengths, multiples of {36, 40, 42} can be considered so that some of them can be merged to a single one. However, this will increase the signaling overhead due to the increased bitmap length. Also, for more flexibility of D2D subframe configurations, the number of repetitions of the D2D subframe pattern can be configured as well.
4. Conclusion
This contribution discusses details of Mode 2 resource allocation in D2D communications. We first evaluated the performance of UE-autonomous resource selection methods and obtained the following observation:

Observation: Collision avoidance method such as energy sensing shows better performance than random selection when the number of supported T-RPT is small. Random selection provides sufficient performance when the number of supported T-RPT is large.
The UE behavior in the resource selection was also discussed and the following proposals were made:

Proposal 1: A UE shall not transmit SA if no D2D data arrives for a given time duration.
Proposal 2: The network should be able to control the set of T-RPTs that can be selected by a UE transmitting Mode 2 communication.
Finally, this contribution discussed how to configure the resource pools for D2D and the following proposals were made:
Proposal 3: Frequency resource configuration for a resource pool should allow enough flexibility to consider the coexistence with an FDMed PUSCH, existing ICIC operation, and frequency diversity of each pool.
Proposal 4: The period of repeating the pattern of D2D subframes should be a multiple of one of these values.
Proposal 5: In TDD, subframes #0, 1, 5, 6 are excluded in the time resource of the resource pool configuration.
__________________________________________________________
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Appendix A. Simulation parameters and assumptions

	Carrier frequency
	700MHz

	Number of UEs
	1,824 (32 UEs per cell)

	Number of transmitter UEs
	3 UEs per cell

	Tx Power
	23 dBm

	Frequency offset
	100 Hz

	Channel and UE drop model
	1) Outdoor uniform drop
2) Outdoor hotspot drop (2/3 of UEs are within 40m radius)

3) Indoor-Outdoor mix drop (2 indoor hotspot buildings per sector, 80% indoor, 20% outdoor)

	Number of antennas
	1 Tx, 2 Rx

	System bandwidth
	10MHz

	CP length
	Normal CP

	Modulation
	QPSK

	Coding rate
	0.342 (328bits in 4RBs 164 QPSK symbols in 480 REs ) 

	Traffic model
	VoIP traffic as agreed in [74-12]

	Resource allocation
	- Random consecutive selection

- Fully random selection in time domain

- RPT based (with or without energy sensing)

	Packet duration
	4 RBs repeated over 4 subframes  (consecutive or distributed) 

	SA period
	100ms
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