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1 Introduction

At the RAN1 #76 meeting, the following agreement was made regarding resource allocation scheme for type 1 discovery [1]:
· Baseline: For each discovery period, a UE can transmit on a randomly selected discovery resource

· When in-coverage, discovery period and amount of discovery resource(s) are configured by eNodeB

· Other schemes can be considered later

In addition, the following working assumptions were made for type 1 discovery [1]:
· Further to the baseline agreed above, the following FFS options can be further studied (including number of discovered devices and latency) for a UE’s transmission on a discovery resource (or on a set of resources if repetition is supported):

· Option 1: based on Tx UE transmission period and offset

· Option 2: based on a fixed or adaptive transmission probability derived from a preconfigured/configured nominal transmission probability

· Others

· A discovery resource has a duration of not less than 1ms (FFS if it can be >1ms if required by the final decision on MAC PDU size, in which case it would be a multiple of 1ms and consist of consecutive D2D subframes) and is used for a single transmission of a given discovery MAC PDU by a UE

· TDD special subframe is FFS

· Repetition (either contiguous or non-contiguous) of transmission of a given discovery MAC PDU by a UE within a discovery period is FFS; if supported:

· FFS between:

· The UE performs random selection only for the first resource in the set of discovery resources that can be used for the repeated transmissions of the discovery MAC PDU; the other resources are deterministically associated with the first resource. 

· The UE performs random selection for each resource in the set of resources. 

· The maximum number of repeated transmissions is FFS

Further, RAN1 WG received a response from SA2 WG to the liaison statement (LS) asking for guidance regarding the expected size for D2D discovery messages. In [2], SA2 WG recommended a message size of 192 bits for non-public safety (non-PS) applications with possibility of additional security related bits depending on decisions by RAN2 and SA3 WGs. Accordingly, we study the impact of this increased discovery message size compared to the previous RAN1 working assumption of 104 bits. Note that although there is a possibility of a discovery message size larger than 192 bits, the observations from the link- and system-level analyses in this contribution can provide reasonable guidance unless the final discovery message size increases significantly more compared to the current assumption of 192 bits.
In this contribution, we present our views on the considerations related to the discovery resource size and mapping of discovery resources to physical resources, including the aspect of repeated transmissions within a discovery period that was identified FFS at the RAN1 #76 meeting. Details of physical (PHY) layer design for D2D discovery are presented in our companion contribution [3].
2 D2D Discovery Resource Mapping
As was mentioned in [4], the design of discovery resources and mapping to physical resources should consider the  trade-offs arising from conflicting aspects of resource pool sharing and interference management, discovery range performance, and minimizing impact from in-band emissions (IBE) and half-duplex constraint. Figure 1 illustrates the potential discovery resource mapping mechanisms with 4 PRBs. The detailed design aspects for different options are presented as follows:

· Option 1: N = 1. In this case, each discovery packet transmission occupies M PRB pairs within one subframe. As discussed in our companion contribution [2], PUSCH structure with AGC symbol reserved in the first symbol and gap period in the last OFDM symbol is considered for this option.  
· Option 2: N > 1. In this case, each discovery packet transmission spans multiple subframes. Note that for this resource mapping scheme, and AGC symbol in the first OFDM symbol of the 2nd to Nth subframe and the gap period in the last OFDM symbol of the 1st to N-1th subframe are not needed, which would provide lower coding rate and thereby result in superior link-level discovery performance compared to the Option 1. 
Note that as discussed in our companion contribution [3], intra- or inter-subframe frequency hopping can be applied for resource mapping mechanisms to further improve the discovery performance. 
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Figure 1. Discovery resource mapping mechanisms: 4 PRB pairs
3 Link-level Simulation Results

In this section, we present link-level simulation results for the potential discovery resource mapping mechanisms. The main simulation assumptions are outlined in the Appendix. In the simulations, 192 bit payload size, Turbo coding with 24 bit CRC, and QPSK modulation are assumed as described in our companion contribution [3]. 
Figure 2 illustrates the link-level discovery performance with various resource mapping mechanisms in the case without co-channel interference. In addition, intra- and inter-subframe hopping mechanism are considered for M×N resource allocation scheme with N = 1 and N > 1, respectively. From the figure, it can be observed that with same number of overall PRB pairs, 1×N resource mapping scheme outperforms M×1 resource mapping scheme.
[image: image2.emf]6 8 10 12 14 16

10

-3

10

-2

10

-1

 SNR (in dB)

 BLER

 D2D Discovery: UMi NLOS{3,3}, 1/2PRBs, w/o Interference UE

 

 

1x1 Mapping

2x1 Mapping

1x2 Mapping

-1 0 1 2 3 4 5 6 7 8 9

10

-3

10

-2

10

-1

 SNR (in dB)

 BLER

 D2D Discovery: UMi NLOS{3,3}, 4/8PRBs, w/o Interference UE

 

 

4x1 Mapping

1x4 Mapping

2x2 Mapping

4x2 Mapping


Figure 2. D2D discovery performance with various resource mapping mechanisms: w/o co-channel interference
Figure 3 illustrates the link-level discovery performance with various resource mapping mechanisms under co-channel interference scenarios when DM-RS cyclic shift of the interference UE is distinct as that of target UE. In the simulations, a fixed 30dB SNR is assumed. From the figure, it can be seen that the 1×N resource mapping scheme can also achieve better link-level discovery performance than M×1 resource mapping scheme under co-channel interference scenario. 
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Figure 3. D2D discovery performance with various resource mapping mechanisms: w/ co-channel interference
Observation 1: With same number of overall PRB pairs, 1×N resource mapping scheme can achieve better link-level discovery performance than N×1 resource mapping scheme in the case with and without co-channel interference.
4 System-level Simulation Results

In this section, we consider the RAN1 WG-agreed baseline transmission scheme for Type 1 discovery and also a transmission scheme based on multi-shot (or repeated) transmissions within a discovery period that was identified FFS in the RAN1 #76 meeting. Towards the latter option, each discovery period can be divided into divided into N sub-periods and D2D UEs may transmit once in each sub-period. 
Two options were identified FFS with regard to repeated transmissions within a discovery period (repeated here for convenience):

1. The UE performs random selection only for the first resource in the set of discovery resources that can be used for the repeated transmissions of the discovery MAC PDU; the other resources are deterministically associated with the first resource. 
2. The UE performs random selection for each resource in the set of resources

In [4], we presented results showing that Option 2 leads to significant degradation at the system-level. Due to random resource selection for the multiple transmissions, the received packets cannot be combined at the potential D2D receiver and the alleviation of half-duplex effect from multiple transmissions help only in a “one-shot” sense, i.e., marginal performance benefit in the first discovery period. However, considering a periodic nature of D2D discovery procedure, such a multi-shot scheme fails to provide any meaningful advantage at the system-level.

Consequently, assuming the SA2 recommendation of 192 bits discovery message size, we compare the following combinations of discovery resource size and mappings to physical resources for Type 1 discovery:

1. Discovery resource size of 2 PRB-pairs, using 1x2 mapping

2. Discovery resource size of 2 PRB-pairs, using 2x1 mapping

3. Discovery resource size of 4 PRB-pairs, using 2x2 mapping

4. Discovery resource size of 2 PRB-pairs (using 2x1 mapping) with deterministic intra-discovery period hopping (Option 1 above): Two equal-sized sub-periods are defined within each discovery period and a predefined hopping between resources from 1st to 2nd sub-period is applied to allow discovering UEs to accumulate received packets, subject to half-duplex constraints. UEs randomly select a discovery resource in the first sub-period and the selected resource is deterministically mapped to another resource in the second sub-period.
5. Discovery resource size of 4 PRB-pairs (using 4x1 mapping) with deterministic intra-discovery period hopping

6. Discovery resource size of 8 PRB-pairs, using 4x2 mapping
4.1 System-level performance without interference control

The discovery procedure is evaluated for the RAN1 WG-agreed within network coverage scenario: General scenario (Option 1) with 500m ISD and one indoor hotzone per macro-cell area considering a 1-tier network (21-cell network with wrap around). User drop methodology and in-band emissions (IBE) were modeled according to latest RAN1 WG agreements. Specifically, IBE was modeled according to the model in TS 36.101 with {W,X,Y,Z}={3,6,3,3}dB.

For simulations, it is assumed that, for a 10 MHz system bandwidth, each DZ spans 44 PRBs in frequency and 30 subframes (30ms) in time. 20 D2D discovery periods are simulated for each simulation drop.
The average number of devices discovered as a function of time (here, represented in terms of the number of discovery periods) are presented in Figure 4. 
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Figure 4. System-level simulation results for Type 1 discovery procedure (no interference control)
General Scenario (Option 1): 150 UEs per cell, 21 cells, 192+24 bits, IBE: TS36.101 with W, X, Y, Z = {3. 6, 3, 3} dB

Figure 4 shows that discovery resource size of 2 PRB-pairs with 2x1 mapping outperforms all other approaches. This is a consequence of more efficient resource sharing and thereby reduction in the level of interference within the resource pool. However, as would be demonstrated by the results in Figure 5, with this choice of discovery resource size, a majority of D2D discovery links would be infeasible due to insufficient link-budget.
Discovery resource size of 2 PRB-pairs with 1x2 mapping, 4 PRB-pairs with 2x2 mapping, and size of 2 PRB-pairs with 2x1mapping and deterministic intra-discovery period hopping indicate very similar performance. 
Finally, although the 8 PRB-pairs case with 4x2 mapping yields the best link-level performance as shown in Section 3, it yields the worst performance considering number of devices discovered within a limited period of time. This can be attributed to the comparatively large discovery resource size considering the Type 1 resource pool size, and thus, can be seen to be “spectrally inefficient” from a system perspective.
4.2 System-level performance with interference control

Next, we evaluated the same set of designs with application of distributed interference control achieved via the use of adaptive probabilistic transmission [5]. 
Specifically, for the current evaluations, the nominal transmission probability is chosen as 0.5, and if a device transmitted in the previous discovery period, it decreases its transmission probability by 0.4. On the other hand, if the device did not transmit during the previous discovery period, it increases the transmission probability by 0.1. The resulting effective silencing probability for each UE in each discovery period is upper and lower bounded by 0.9 and 0.1 respectively.
The system-level simulation results are presented in Figure 5 below.
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Figure 5. System-level simulation results for Type 1 discovery procedure (with adaptive probabilistic transmission)
General Scenario (Option 1): 150 UEs per cell, 21 cells, 192+16 bits, IBE: TS36.101 with W, X, Y, Z = {3. 6, 3, 3} dB

The following observations can be made from the simulation results presented in Figure 5:

i. With the application of adaptive silencing, the effective loading of the system is well-managed and the performance of all the evaluated schemes can be seen to improve. 

ii. The best performance is achieved by 2-shot discovery signal transmission using 2x1 and 4x1 resource sizes with deterministic intra-discovery period resource hopping, closely followed by single-shot transmission schemes with 4 PRB-pairs (2x2 mapping).
In general, the set of results presented here with the new assumption of the discovery message size indicate a similar trend as was demonstrated by the results in [4], and based on the above system-level analysis, we summarize our views in the following observation and proposal:

Observation 2: If repetition of discovery signal transmission within a discovery period is allowed with deterministic mapping between first and repeated set of resources, then from the perspective of latency performance (number of devices discovered within a certain number of discovery periods), it is more beneficial to use deterministic hopping methods for the deterministic mapping instead of TTI bundling type of repeated structures to better mitigate the impact from half-duplexing.
Observation 3: From the perspective of very-long-term performance (in terms of number of devices discovered after large number of discovery periods), it is more beneficial to use discovery resource size spanning multiples of 1ms duration (i.e., discovery resource size MxN with N>1) or TTI bundling type of repeated structures if repetition of discovery signal transmission within a discovery period is allowed with deterministic mapping between first and repeated set of resources and if the coding rate is low.

Observation 4: If repetition of discovery signal transmission within a discovery period is not allowed, then it is beneficial to configure a discovery resource to span more than 1ms. 

Proposal 1: Considering the practical importance of both latency and number of devices discovered as performance metrics, repeated transmissions within a discovery period with a deterministic hopping between first and subsequent resources to alleviate the half-duplex impact and enable opportunistic accumulation of received packets should be supported.
5 Conclusions

In this contribution, we presented our views on optimal discovery resource size and mapping of discovery resources to time-frequency resources. Based on the discussion presented, we summarize our views through the following observations and proposal:

Observation 1: With same number of overall PRB pairs, 1×N resource mapping scheme can achieve better link-level discovery performance than N×1 resource mapping scheme in the case with and without co-channel interference.
Observation 2: If repetition of discovery signal transmission within a discovery period is allowed with deterministic mapping between first and repeated set of resources, then from the perspective of latency performance (number of devices discovered within a certain number of discovery periods), it is more beneficial to use deterministic hopping methods for the deterministic mapping instead of TTI bundling type of repeated structures to better mitigate the impact from half-duplexing.

Observation 3: From the perspective of very-long-term performance (in terms of number of devices discovered after large number of discovery periods), it is more beneficial to use discovery resource size spanning multiples of 1ms duration (i.e., discovery resource size MxN with N>1) or TTI bundling type of repeated structures if repetition of discovery signal transmission within a discovery period is allowed with deterministic mapping between first and repeated set of resources and if the coding rate is low.

Observation 4: If repetition of discovery signal transmission within a discovery period is not allowed, then it is beneficial to configure a discovery resource to span more than 1ms.
Proposal 1: Considering the practical importance of both latency and number of devices discovered as performance metrics, repeated transmissions within a discovery period with a deterministic hopping between first and subsequent resources to alleviate the half-duplex impact and enable opportunistic accumulation of received packets should be supported.
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Appendix: Link-level Simulation Assumptions
	Parameter
	Value

	Bandwidth
	10 MHz

	Carrier Frequency
	2 GHz

	MIMO Configuration
	1x2 with low correlation

	Channel Model 
	UMi NLOS/LOS/O2I with dual mobility

	UE Moving Speed
	{3,3}km/h

	Coding
	Turbo coding

	Payload Size
	192 bits

	Target BLER
	1%
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