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1. Introduction
In RAN1 #74 Barcelona meeting, details about resource allocation for Discovery Type 1 were discussed and the following agreements were reached [1].
· Periodic uplink resources are allocated for discovery in a semi-static manner

· For in network allocation can be performed using RRC signaling

· Discovery resources within one period of the allocation are divided into time-frequency resources

· Division can be at least FDM and/or TDM

· UE transmit their discovery signal and receive discovery signals from other UEs subject to half duplex constraint

· Discovery transmissions can use a message of x bits and/or sequences

· Sequences can be based on PRACH, SRS, and/or PSS/SSS

· Configurations using either or both of the message or sequences are FFS

· FFS if the signal transmitted is SC-FDM or OFDM

Moreover, regarding inter-cell discovery, both synchronous and asynchronous cells deployments will be studied and two options were proposed [1]: 
· By directly or indirectly achieving information about the other cell synchronization reference timing 

· By decoding/detecting asynchronous discovery messages/signals without necessarily prior knowledge of the associated message/signal’s synchronization

In RAN1 #74bis Guangzhou meeting, D2D discovery was further discussed with the following conclusion [2].
· Discovery message transmission resource configuration consists of a number of subframes and a discovery period, and FFS a number of PRBs

· The number of discovery subframes and the discovery period may be semi-statically configured at least when in coverage

· Individual discovery message transmission resources are not CDM 

· All individual discovery message transmission resources are the same size

· Study power consumption of RRC_IDLE UEs when considering resource allocation for discovery 

In this contribution, more details will be discussed on topics related to resource allocation of D2D Discovery Type 1. 
2. Resource allocation for Discovery Type 1
Discovery Type 1 refers to non-UE-specific resource allocation, which has the potential to facilitate discovery when both transmitting and receiving UEs are in RRC_IDLE. For example, allocation of discovery resources can be signalled via SIB.
Fig. 1 shows an example of discovery resource layout according to current working assumption. Discovery resources have a period T and resources in each period are divided into multiple resource units. It is reasonable to assume that each discovery resource unit has a length of one subframe, as according to the working assumption agreed in RAN1 #74bis, PUSCH structure is to be reused for discovery signal. The bandwidth of each discovery resource unit mainly depends on the payload of discovery message. For evaluations purpose, it is assumed that one PRB pair carries 104 information bits.
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Figure 1 An example of resource layout of discovery signals
As different network deployments may cause significant impact to discovery design, the following discussion will be carried out according to the different synchronization assumptions.
2.1. Synchronous network deployments
For some deployment scenarios, synchronization among cells is mandatory, for example TDD system, or FDD system supporting multi-cell MBMS. In these deployments, it is feasible to perform multi-cell discovery resource configuration which is similar to MBSFN subframe configuration for MBMS. From UE perspective, only a single set of discovery subframes need to be monitored, which is helpful to reduce UE’s power consumption; while from the network perspective, mechanisms to support multi-cell-specific resources configuration already exists and can be tailored to suit the need for resource allocation of D2D discovery. An example is shown in Fig. 2.
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Figure 2 Resource allocation example for synchronous deployments

Proposal 1: for synchronous network deployments, multi-cell-common resource allocation schemes should be studied.
2.2. Asynchronous network deployments
If the timing clocks of neighboring cells are asynchronous, e.g., running independently, the timing offsets between neighboring eNBs would be totally random. Virtually there is no control from the network side to impose the exact timing relations between discovery signals sent from different eNBs. In this deployment, a D2D UE can listen to synchronization signals both from its serving and neighboring cells. The UE may also listen to the resource allocation of discovery signals from its neighboring eNBs, the UE can determine its discovery timing window for reception. There might be multiple windows for each discovery cycle due to the asynchronous operation of eNBs. 
As overlapped discovery resources between asynchronous neighboring cells may prevent UEs from simultaneously detecting discovery signals coming from these cells, a more reasonable consideration is to make discovery resources of neighboring cells scattered, as shown in Fig. 3. As a consequence, some side-effects need to be studied. Obviously, power consumption would be higher than synchronous operation due to potentially multiple detection windows for discovery.
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Figure 3 Resource allocation example for asynchronous deployments
Regarding the acquisition of the resource allocation information from neighboring cells, as mentioned above, a straightforward way is to listen to the resource allocation from neighboring cells directly, e.g. SIB that carries that information. A simulation is carried out to sketch the performance of the detection of the neighboring cells’ SIB, as shown in Fig. 4. The simulation assumptions can be found in Table A.1 of Appendix.
[image: image4.emf]-60 -50 -40 -30 -20 -10 0 10 20

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

UE SINR

CDF

 

 

Neighboring cell SIB

Serving cell SIB


Figure 4 Performance comparison of listening to the resource allocation (SIB) of serving and neighboring cells

It can be seen that due to the strong inter-cell interference, the SINR of the neighboring cell’s SIB is quite poor, unless certain inter-eNB coordination is carried out. However, such inter-eNB coordination is generally difficult in asynchronous networks. 

Proposal 2: for asynchronous deployment, FFS how UEs acquire the discovery resource allocations of neighboring cells.
2.3. Resource usage strategies
When considering resource usage strategies for discovery type 1, the following requirements may need to be taken into account.

Half-duplex problem: For Discovery Type 1, discovery resources are shared by multiple UEs, the so called half-duplex problem means UEs cannot discover each other when they are transmitting discovery signals in the same subframe. 
Discovery messages combination: Combining discovery messages over multiple TTIs enables improving the receiving SINR, and hence the discovery range enlarges. 
Discovery tracking: in some specific application scenarios, it may be un-necessary to detect/decode all discovery signals transmitted in one period as only one or several interesting UEs may be targeted. Then, after an initialled blind detection, a more efficient operation is to perform discovery tracking in the next few discovery periods, i.e. no need to detect and decode the whole discovery resources. This would save the complexity of blind decoding at the receiver.
A straightforward solution is to scramble the discovery resource of each UE across different discovery periods, e.g. random resource selection in each period to determine the discovery resources [3]. This is the simplest option to solve the half-duplex problem.

There are also proposals to use resource hopping that follows predefined patterns [4-5]. Hence, the detection is more targeted, i.e., monitoring UE only needs to track specific discovery resources that are calculated according to the hopping pattern if necessary; discovery messages combination over multi-TTIs is also enabled. However, one problem of using pre-define hopping pattern is that if multiple UEs happen to transmit discovery signals in same time-frequency resource, the resource of these UEs will not be scattered around in the following periods due to the same one-to-one hopping. In resource-limited scenarios, this problem could be more serious. In other words, this solution cannot solve the half-duplex problem efficiently.
In order to examine discovery performance, system-level simulations are carried out. Two options are evaluated:
Option 1: random selection, discovery resources are selected randomly in each discovery period;
Option 2: resource hopping pattern, resources are determined according to a fixed hopping pattern.
For the resource hopping pattern of Option 2, a simple hopping rule is applied in the simulation: generate discovery resource index of previous discovery period with frequency-first mapping, then to obtain the discovery resource index in current discovery period via time-first mapping. The simulation results are shown in Fig. 5 and Fig. 6. Detail simulation parameters are shown in Table A.2 of Appendix. It is noted that for Option 2, discovery messages combinations over multi-TTIs are enabled.
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Figure 4 CDFs of discovery distance.
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Figure 5 CDFs of number of discovered UEs per discovering UE.
Some performance gain is observed in Option 2. It is noted that Option 2 requires more standardization effort with regard to how the combining is done over successive periods of discovery. Considering the work load for standardization at current SI stage, the following proposal may be more feasible:
Proposal 3: for Discovery Type 1, random resource selection in each period can be the working assumption.
3. Resource allocation for Discovery Type 2
Use scenarios of Type 2 discovery were discussed [6-8]. For Type 2 discovery, the resources are allocated on per UE basis, which means that transmitting UEs need to establish RRC connection to get the resource allocation indication for discovery signal. Regarding the details, following two options could be taken into account for further study.

Resources can be allocated separately from Type 1 discovery, which means discovery resource allocated for Discovery Type 2 is different from that of Discovery Type 1. Potential benefit may be that Type 2 discovery will be performed in more flexible manner. Moreover, timing for discovery signal transmitting can be treated separately and more easily, as discovery signals of discovery type 2 are transmitted by RRC_CONNECTED UEs while assumption of discovery timing in resource pool of discovery type 1 is T2=0. Resource allocation details can be studied further.

Another option is to allocate resources for discovery type 2 in resource pool configured for discovery type 1. For example, transmitting of discovery signals can be triggered without an explicit resource allocation process for discovery type 2. 

Proposal 4: for discovery type 2, UE-specific discovery resources can either be allocated based on the allocation of discovery resource pool of Type 1, or be allocated separately. 
4. Discovery impact on PUCCH
In this section, system level simulations are carried out to study the impact to PUCCH due to inband emission from the discovery signal transmission.. Results are shown in Fig. 6-a and Fig. 6-b with different power control parameters for PUCCH. 
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Figure 6-a (Po=-77dBm, Alpha = 0.8)
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Figure 6-b (Po=-83dBm, Alpha = 0.8)
Figure 6 CDFs of PUCCH performance with different in-band emission assumptions
It can be seen the impacts of in-band emission largely depend on the power control settings of PUCCH. Take Fig. 5 as an example, PUCCH of about 1.32% of UEs cannot be detected correctly assuming -7.8dB detection threshold. If in-band emission is not modelled, about 0.55% of UEs would see issue of PUCCH detection. In the cellular only case, if in-band emission is modelled, about 0.7% of UEs would be affected due to the leakage of PUSCH.
Proposal 5: no optimization seems needed to curtail impact on PUCCH due to in-band emission from discovery signal transmission.
5. Summary
In this paper, resource allocation for D2D discovery was discussed, and performances were studied via system level simulation. We have following proposals:
Proposal 1: for synchronous network deployments, multi-cell-common resource allocation schemes should be studied.
Proposal 2: for asynchronous deployment, FFS how UEs acquire the discovery resource allocations of neighboring cells.

Proposal 3: for Discovery Type 1, random resource selection in each period can be the working assumption, FFS for pre-defined hopping patterns.
Proposal 4: for discovery type 2, UE-specific discovery resources can either be allocated based on the allocation of discovery resource pool of Type 1, or be allocated separately. 
Proposal 5: no optimization seems needed to curtail impact on PUCCH due to in-band emission from discovery signal transmission.
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Appendix
A.1. Performance comparison of Discovery Type 1 and Type 2
Performances of discovery type 1 and type 2 are shown in Fig. A1 and Fig. A2, respectively. It is noted that for discovery type 1, random resource selection is assumed and for discovery type 2, resources are orthogonal between UE pairs via eNB scheduling.
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Figure A.1 CDFs of discovery range comparison between type 1 and type 2 discovery
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Figure A.2 Comparison of discovered UE numbers between type 1 and type 2 discovery

A.2. System level simulation parameters
Table A.1: System level simulation assumptions for asynchronous resource allocation
	Parameter
	Assumption

	Carrier frequency
	2GHz

	System bandwidth
	10MHz

	Inter-site distance
	500m

	Layout
	19*3 cells   

	UE mobility
	3km/h

	UE transmission power 
	23 dBm

	Channel model 
	3GPP case1

	Total number of UEs
	8550 (150 UEs  per sector)

	PSS relaying resource 
	Same as WAN system


Table A.2: System level simulation assumptions for discovery
	Parameter
	Assumption

	Layout
	Option 1: Urban macro (500m ISD) + 1 RRH/Indoor Hotzone per cell

	Channel model
	As described in TR 36.843 v0.2.0

	Carrier frequency
	2G MHz

	System bandwidth
	10 MHz

	Network synchronization
	All eNodeBs are synchronized

	UE antenna configuration
	1 TX 2 RX

	Transmit power
	23dBm, Antenna gain 0 dBi, Noise figure 9 dB

	Number of D2D UEs per sector
	150 UEs

	UE drop for D2D UEs, for discovery
	As described in TR 36.843 v0.2.0

	Discovery Bandwidth
	44RBs

	Discovery subframes number in one period
	16

	Discovery period
	320 ms

	Discovery signal format
	1 PRB PUSCH with two slots

	Resource allocation
	Random allocation within each period as baseline

	In-band emission
	[W,X,Y,Z] = [3,6,3,3]dB

	Multiple access type
	SC-FDMA

	Modulation type
	QPSK

	UE mobile speed
	3 km/h
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