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1
Introduction
In this contribution, we discuss resource management for Type 1 discovery. 
At the RAN1#74 meeting, the following agreement was achieved for Type1 discovery.
· 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
Based on this agreement, we discuss resource allocation and management for Type 1 discovery.

In Section 2, we discuss resource allocation at a system level for both synchronous and asynchronous networks including co-existence with WAN communication.
In Section 3, we discuss resource selection and management at a UE.

2
Reserving Allocation for Discovery

Consider the first part of the agreement achieved at RAN#74.

· Periodic uplink resources are allocated for discovery in a semi-static manner

· For in network allocation can be performed using RRC signaling
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Based on this agreement, we propose performing periodic allocation of uplink resources in a semi-static manner. We further propose that the uplink sub-frames with resources reserved for discovery should be mostly contiguous. The contiguous allocation helps reduce power consumption of discovery because it reduces the overhead of wakeup power. This is illustrated with an example in Figure 3 below where 64 contiguous uplink sub-frames have resources reserved for discovery every 10 seconds. 
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Figure 1
We call the period with which resources are reserved a “discovery period” and sub-frames with resources reserved for discovery “discovery sub-frames”.

The network can inform the UEs of discovery sub-frames via a SIB broadcast. Such allocation can be done in a deployment wide manner in a synchronous deployment. This enables inter-macro discovery in a power efficient manner, a UE needs to wakeup during a single period and can perform both inter-macro and intra-macro discovery simultaneously. This is illustrated in Figure 2 where synchronized macros allocate the same resources for discovery.
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Figure 2 
In an asynchronous deployment where macros are asynchronous with each other the allocation can be done on a per macro basis. This allows intra-macro discovery among UEs associated with the same macro. 

For inter-macro discovery a UE needs to know the timing and allocation of discovery sub-frames of neighbouring macros. 
We propose that allocation of discovery sub-frames can be done such that allocations of neighbouring macros do not overlap. Macros can also broadcast the allocation of neighbouring macros (in addition to its own allocation) using the SIB mechanism. A UE then knows when to wakeup to receive discovery signals from UEs associated with neighbouring macros. Macros will also not schedule the uplink transmission during the allocation of neighbouring macros. 
To minimize power consumption, due to waking up multiple times time difference between any two consecutive allocations in time can be kept small is small, potentially less than one sub-frame. 
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Figure 3
We illustrate our proposal in Figure 3. 
To maintain the non-overlapping nature of allocation and the small difference in time between neighbouring macros, neighbouring macros need to keep track of each other’s timing drift. This can be done via either the backhaul or UEs can track drift of neighbouring macros and report them to their associated macro.

Making sure that contiguous non overlapping allocations have minimal difference in time between them does not completely eliminate the problem of multiple wakeups. So we further propose that allocations for discovery sub-frames be roughly re-used across non-neighbouring macros, i.e., some non-neighbouring macros can have mostly overlapping allocations of discovery sub-frames. We give an example of this in Figure 4 where a reuse of 3 is illustrated.
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Figure 4
Here macros with the same colour for example Macro 1, 1’, and 1’’ allocate sub-frames for discovery that mostly overlap in time. This reuse allows a UE to wakeup only once and thus save power. In the illustrated allocation each UE needs to wake up continuously for three mostly contiguous allocation periods. The UEs can then listen to and decode discovery signal of the macros closest to them. For example UE B can listen to and decode discovery signals from Macro 2, 1, and 3, whereas UE A can listen to and decode discovery signals from Macro 2, 3’ and 1’’. 

Proposal 1a: For synchronous deployments the allocation can be same across deployment, and communicated using the SIB mechanism.

Proposal 1b: For asynchronous deployments the allocation can be on a per macro basis with neighbouring macros allocating non- overlapping allocations and rough reuse of allocation across non-neighbour macros. The information can again be communicated using the SIB mechanism.

2.1
Coexistence with WAN Communication

To enable harmonious coexistence between WAN and discovery, the eNodeB should not schedule any new PUSCH transmission on discovery sub-frames. Any on-going HARQ transmissions can be suspended by the eNodeB and can be reactivated on non discovery sub-frames. 

Note that since discovery sub-frames is a small fraction of uplink sub-frames (0.64% in Figure 1) the impact of discovery on WAN will be minimal.

To further enable more harmonious coexistence, the discovery sub-frame allocation can be made non-contiguous. This is illustrated in Figure 5. 

Figure 5
Here discovery sub-frames are interspersed by WAN uplink sub-frames every 5 sub-frames. Such interspersing of sub-frames can be used to minimize the disruption to low delay traffic (such as voice) which is scheduled in a semi-persistent manner. 

Note interspersing discovery sub-frames with uplink sub-frames can lead to higher power consumption for UEs participating in discovery. So discovery sub-frames should be interspersed by only a small number of uplink sub-frames. 

Proposal 2: Interleave discovery sub-frames with small number of uplink sub-frames. This information should be added to the SIB based mechanism of Proposal 1a & 1b. 

3
Discovery Resource Management
Referring back to the agreement again, it was agreed that 

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

· Division can be at least FDM and/or TDM

· 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
Based on this agreement we define a discovery resource unit.  
3.1 Discovery Resource Unit Definition

Consider an uplink sub-frame with resources reserved for discovery. We propose that PUSCH portion of uplink sub-frame be used for discovery. 
Proposal 3: Within the discovery sub-frames use PUSCH resources for discovery.

We further propose that discovery resources within a sub-frame be frequency division multiplexed into equal sized discovery resource units. Frequency division multiplexing can lead to better link budget. (See Design Principle 5 in [1]) More specifically we propose that a discovery resource unit consisting of a pair of adjoining RBs (Resource Blocks) in Slot 0 and Slot 1 of a sub-frame. Note that discovery resource units across sub-frames are time division multiplexed.

Proposal 4: Discovery resources within a sub-frame should be frequency multiplexed into equal sized discovery resource units. A unit consisting of a RB pair.
Frequency multiplexing resources within a sub-frame allows a small number of resources to be used for discovery. Consider the example allocation discussed in Figure 3. Also consider a 10MHz FDD system with 6 RB pairs allocated for PUCCH (3 RB pairs on each edge). Then 44 RB pairs or 44 discovery resources units are available per sub-frame for discovery. In total 44*64=2816 discovery resources are units available. This allows the design to support a large number of devices. Note that 64 sub-frames per 10 seconds is less than 0.64% of the uplink resources. 

Having small number of sub-frames with discovery resources has couple of advantages. One, a UE needs to be awake for only a small amount of time leading to small increase in power consumption due to discovery. Two, the impact of discovery on WAN communication is minimal.

In our design a UE participating in discovery will select a discovery resource among the available discovery resource units and will transmit its discovery signal on its selected discovery resource every discovery period. The UE will also listen for and decode discovery signals of other UEs on other discovery resource units subject to the half duplex constraint.

3.2 Discovery Resource Selection

We propose that resource selection be based on received energy on a discovery resource unit. A UE can listen for one discovery period and calculate the received energy on each discovery resource unit. It can then rank the discovery resource units in order of their received energy and select the resource unit with low received energy. More specifically, a UE can consider the set of resources with received energy in the lowest y percentile and can select randomly among the set. (In our simulations we set the y to 5 percentile.)

We do not select the resource unit with the lowest received energy to reduce the probability that two UEs that are proximal and are selecting a discovery resource at the same time select the same resource.

For asynchronous deployments a UE will select a discovery resource unit only among those allocated by its associated macro.   

Proposal 5: Resource selection should be based on the received energy on the discovery resource units.

3.3 Hopping of Discovery Resources

Device to device transmissions can be severally impacted by in-band emission. This leads to the near far problem where a first UE close to a second UE can de-sense the discovery signal sent by a third UE that is far away from the second UE. (See Figure 2 in [1] for more details.)  In addition, due to the half duplex constraint, a UE transmitting a discovery signal cannot receive discovery signals on the same sub-frame. We propose that this issue be resolved via hopping of discovery resources across discovery periods. The hopping pattern should be designed such that the number of times two discovery resources occur on the same sub-frame is minimized. This minimizes the half duplex issue and significantly reduces the near far problem.

More particularly we propose the following hopping pattern. Let there be N discovery sub-frames every discovery period. To start off with we assume that N is either a prime number or a power of a prime number. Let there be M RB pairs reserved for discovery in each discovery sub-frame. Let t denote the tth discovery period. Further we denote a discovery resource one the tth discover period by  (m(t),n(t)) where n(t)  (0≤n(t)<N) denotes the discovery sub-frame of the resource and m(t) (0≤m(t)<M) denotes the RB pair of the resource within the n(t) sub-frame. Then

m(t) = (m(0) + 3*t) mod M, and

n(t) = [ floor (m(0) / N)   t   t ]   [mod(m(0),N)   t ]  n .
Here  and  are defined to be multiplication and addition, respectively, on the Galois field generated by p where pa=N, i.e., GF(pa). The integer t is mapped to an element of GF(pa) using a one-to-one mapping between t mod(pa) and GF(pa). Hopping in this fashion guarantees that the maximum number of time two discovery resources lie on the same sub-frame is minimized, thereby reducing the half duplex and the near far issue.

The hopping in frequency is needed to ensure that a discovery resource does not always lie on the central RB pair that affected by carrier leakage.

In practice we have found that hopping works quite well even when N is not a prime number or a power of a prime number. (In that case the Galois multiplication and addition are replaced simple addition and multiplication.)

For asynchronous deployments discovery resources will hop only among the allocation of its own macro. 

Proposal 6: Hopping of discovery resources needs to be done to reduce the effect of near far and half duplex problems. The hopping pattern should minimize the number of times two discovery resources occur on the same sub-frame. 

3.4 Contention Resolution and Reselection

Using energy based selection may lead to a situation where two UEs that are in close proximity select the same discovery resource unit. This can happen due to mobility, mistake in energy measurement on resources, etc. This can reduce the discovery range of both the devices and due to half duplex constraint the two devices will not be able to discover each other. To resolve this we propose a content resolution and reselection mechanism.

We propose that every say K discovery periods a UE randomly selects a period where the UE instead of transmitting its discovery signal on it selected discovery resource unit receives on the resource unit. This is illustrated in Figure 6 below with K=4. During the first period a UE listens on the discovery unit. 

Figure 6

While listening a UE can measure the energy received on its selected resource unit and compare it to the energy received on the other resource units. If the energy received on its received energy is high compared to the energy received on other resource units the UE can reselect its resource unit to a resource unit with lower received energy. More specifically the UE will measure the energy received on each of the discovery resource unit, rank them according to the amount of energy received. If the energy received on its selected resource unit is say zdB greater than the energy received on resource unit at the y lowest percentile then the UE will reselect its resource unit. If reselecting, the UE will randomly select a resource among the lowest x percentile. 

Randomly selecting a discovery period to receive instead of transmitting allows UEs using the same resource to receive energy from each other. Also, as discussed earlier picking a resource with low energy maximizes the range of discovery of the UE.

For asynchronous deployments a UE reselects a discovery resource unit only among those allocated by its associated macro.

Proposal 7: For contention resolution UEs should receive on its selected resource unit within a randomly selected discovery period. Furthermore UEs should reselect resource unit based on the received energy on its selected resource unit and other resource units.
4
Conclusion

In this contribution, we discussed resource allocation and management for discovery, and made the following proposals.

Proposal 1a: For synchronous deployments the allocation can be same across deployment, and communicated using the SIB mechanism.

Proposal 1b: For asynchronous deployments the allocation can be on a per macro basis with neighbouring macros allocating non- overlapping allocations and rough reuse of allocation across non-neighbour macros. The information can again be communicated using the SIB mechanism.

Proposal 2: Interleave discovery sub-frames with small number of uplink sub-frames. This information should be added to the SIB based mechanism of Proposal 1a & 1b. 

Proposal 3: Within the discovery sub-frames use PUSCH resources for discovery.

Proposal 4: Discovery resources within a sub-frame should be frequency multiplexed into equal sized discovery resource units. A unit consists of a RB pair.
Proposal 5: Resource selection should be based on the received energy on the discovery resource units.

Proposal 6: Hopping of discovery resources needs to be done to reduce the effect of near far and half duplex problems. The hopping pattern should minimize the number of times two discovery resources occur on the same sub-frame. 

Proposal 7: For contention resolution UEs should receive on its selected resource unit within a randomly selected discovery period. Furthermore UEs should reselect resource unit based on the received energy on its selected resource unit and other resource units.
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Receive on the discovery unit instead of transmitting listening
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