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1
Introduction

During RAN1#74bis it was agreed as a working assumption that the ProSe device-to-device (D2D) discovery message should reuse the current PUSCH structure [1].  In addition, a proposal was made to employ two physical resource blocks for the discovery message as a baseline until RAN2 have provided details of the discovery message format [1].  
In this contribution we assess the discovery performance from a system level perspective when two physical resource blocks are used for the discovery message and compare the results to the case when a single physical resource block is used for the discovery message.
2
Discovery resource allocation

There are obvious advantages in keeping the discovery message as small as possible.  If it becomes necessary to segment the data into multiple smaller transport blocks then the performance will suffer and will result in having to employ multiple physical layer techniques to compensate.  For example see the contribution examining voice communication and the impact upon channel design that was submitted to RAN1#75 [2].  A message segmented into two transport blocks of 338 bits each was considered and then a link budget calculation was performed in order to calculate the sensitivity that is required to equal or better the performance of TETRA.  It was found that in order to achieve comparable voice performance with TETRA then a combination of either TTI bundling or (blind) HARQ as well as frequency hopping was required.  While this may be possible for D2D communication it would place severe restrictions on any receive scheduler for D2D discovery since it would need to know where the multiple segments were transmitted.  It would make it harder and more complicated for any UE to receive a discovery message and so it is far better if the UE is autonomous and can receive the message in one shot.
Additionally using higher order modulation, for example 16QAM, will require tighter synchronisation and so it is preferable to use a low MCS.  This places a limit on the size of message that can be supported with two PRBs if both QPSK and no segmentation are used.  It is important from a power consumption and resource usage perspective to keep discovery transmissions to a low number of resource blocks, i.e. one or two.  

There has been a reply from SA2 to the LS that was originally sent to RAN2 on the discovery message size [3].  This indicates that the discovery message for non-public safety is currently assumed to be 192 bits and the public safety message is estimated at 198 bits.  However the public safety message may also need to include security related information and a request has been sent from SA2 to SA3 asking for further details on this.  However it looks likely that the discovery message could be accommodated using 2 PRBs at MCS 7 (QPSK) which would be 224 bits.
Proposal 1:  The resources allocated to the discovery message should not be segmented and the modulation used should be QPSK.

Observation 1:  The current estimated size of the discovery message in the LS reply from SA2 is compatible with proposal 1 if two PRBs are allocated.
3
Discovery system simulation
In [4] discovery design assumptions and system level simulation results are presented for the case of a discovery message occupying a single physical resource block.  These results are extended in the present contribution to include the case where the discovery message is transmitted over two physical resource blocks.  

The other principal design assumptions presented in [4] are maintained, in particular: 

· The discovery sequence is employed for the purposes of providing a timing reference for the discovery message transmission and is transmitted at the start of the discovery region [5].

· ProSe device-to-device discovery resources are allocated across the entire uplink bandwidth with the exception of the resources reserved for PUCCH operation.

· Devices that are authorised to transmit discovery transmissions choose a resource(s) at random from within the cell's discovery resource.
The partitioning of the PUSCH resource into that used for ProSe device-to-device discovery and conventional macro-cellular transmissions is shown in Figure 1.
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Figure 1 – Discovery resource
Instead of allocating single physical resource blocks for a discovery message, pairs of physical resource blocks are allocated.  For instance, if PUCCH occupies resource blocks {0,1,2} and {47,48,49} then discovery transmissions can occur on physical resource block pairs {3,4}, {5,6}, ..., {45,46}.

4
Simulation summary

The simulation environment is described in detail in [4] with the exception that a discovery message resource occupies resource block pairs as detailed in the previous section as opposed to single physical resource blocks.  The required SINR in order to decode a discovery transmission with two physical resource blocks is dependent upon the propagation channel experienced and is detailed in [6] with a 10% BLER requirement employed (see Table 1 below for a performance summary).

Table 1 - D2D discovery performance; SNR required for 10% BLER using 2 PRBs [6]
	
	Outdoors to outdoors (LOS)
	Outdoors to outdoors (NLOS)
	Outdoors to indoors
	Indoors to indoors (LOS)
	Indoors to indoors (NLOS)

	UE mobility (layout option 5)
	0.0 dB
	2.9 dB
	3.5 dB
	0.1 dB
	3.2 dB

	UE mobility (other options)
	0.0 dB
	3.0 dB
	3.6 dB
	0.1 dB
	3.2 dB


Detailed single-shot discovery simulation results for all dropping options simulated showing the proportion of discoverable neighbours at various distances are presented in Figure 2 to Figure 11 of the Appendix of this document.  These results show curves for synchronous and asynchronous network timings, with and without transmit mask, 64 and 32 D2D subframes and one or two physical resource block discovery messages.  There are also separate curves for detectable and non-detectable neighbours.  In order to assimilate the detailed simulation results a summary is provided in Table 2 below.  This details the number of detectable neighbours versus distance for the scenario when the transmit mask is employed.
Further to the findings presented in [4], with the addition of system level results of discovery with two physical resource blocks it is noted that the overall performance of one and two physical resource block discovery is very similar.  This can be explained by noting that whilst the number of interfering discovery messages increases with the number of resource blocks occupied by the discovery message, the amount of interference generated by a discovery message is reduced as the bandwidth of the message increases.  Further details on the transmit spectral mask agreed for device-to-device operation can be found in [7,8].
Observation 2:  The overall system-level discovery performance is very similar irrespective of whether one or two physical resource blocks are employed for the discovery message.
Table 2 - Summary of simulation results; single-shot detectable neighbours at various distances
	Drop method
	Simulation scenario
	≤250m
	≤500m

	
	
	1 PRB
	2 PRB
	1 PRB
	2 PRB

	Option 1 

(indoor-outdoor, 500m ISD)
	64 subframes - synchronous
	110 (25%)
	106 (25%)
	137 (8%)
	128 (8%)

	
	32 subframes - synchronous
	85 (20%)
	82 (19%)
	100 (6%)
	94 (6%)

	
	64 subframes - asynchronous
	93 (21%)
	91 (21%)
	100 (6%)
	97 (6%)

	
	32 subframes - asynchronous
	82 (19%)
	81 (19%)
	88 (5%)
	86 (5%)

	Option 3

(uniform outdoor, 500m ISD)
	64 subframes - synchronous
	264 (62%)
	250 (60%)
	415 (25%)
	377 (23%)

	
	32 subframes - synchronous
	177 (42%)
	163 (39%)
	213 (13%)
	193 (12%)

	
	64 subframes - asynchronous
	198 (47%)
	190 (46%)
	232 (14%)
	225 (14%)

	
	32 subframes - asynchronous
	162 (38%)
	161 (38%)
	184 (11%)
	184 (11%)

	Option 5

(uniform outdoor, 1732m ISD)
	64 subframes - synchronous
	33 (92%)
	33 (92%)
	103 (74%)
	101 (74%)

	
	32 subframes - synchronous
	31 (87%)
	30 (86%)
	89 (64%)
	85 (62%)

	
	64 subframes - asynchronous
	34 (93%)
	33 (92%)
	106 (76%)
	105 (76%)

	
	32 subframes - asynchronous
	32 (89%)
	32 (89%)
	98 (70%)
	96 (70%)

	Option 5

(hotspot, 1732m ISD)
	64 subframes - synchronous
	72 (85%)
	73 (87%)
	106 (63%)
	103 (63%)

	
	32 subframes - synchronous
	66 (73%)
	66 (73%)
	87 (50%)
	86 (50%)

	
	64 subframes - asynchronous
	79 (88%)
	77 (87%)
	117 (70%)
	112 (70%)

	
	32 subframes - asynchronous
	70 (79%)
	72 (81%)
	103 (61%)
	102 (61%)

	Option 5

(indoor-outdoor, 1732m ISD)
	64 subframes - synchronous
	37 (60%)
	37 (60%)
	41 (27%)
	41 (27%)

	
	32 subframes - synchronous
	34 (55%)
	33 (55%)
	37 (25%)
	36 (24%)

	
	64 subframes - asynchronous
	37 (58%)
	37 (58%)
	42 (27%)
	41 (27%)

	
	32 subframes - asynchronous
	35 (56%)
	35 (56%)
	39 (26%)
	39 (26%)


5
Conclusion
This contribution has provided detailed system simulation results for ProSe device-to-device discovery in synchronous and asynchronous networks using two physical resource blocks to convey the discovery message. The following proposal and observations are made:  
Proposal 1:  The resources allocated to the discovery message should not be segmented and the modulation used should be QPSK.

Observation 1:  The current estimated size of the discovery message in the LS reply from SA2 is compatible with proposal 1 if two PRBs are allocated.
By comparing these simulations with those previously presented for one physical resource block [4] (also shown here) it is observed that:
Observation 2:  The overall system-level discovery performance for a message size of 104 bits is very similar irrespective of whether one or two physical resource blocks are employed for the discovery message.

6
References

[1] R1-135001, "Final Report of 3GPP TSG RAN WG1 #74bis v1.0.0 (Guangzhou)", RAN1#75, San Francisco, USA, 11-15 November 2013.
[2] R1-135494, "ProSe device-to-device voice communications and impact upon channel design", General Dynamics Broadband, RAN1#75, San Francisco, USA, 11-15 November 2013.
[3] R1-140185, "LS reply on discovery message size", RAN1#76, Prague, Czech Republic, 10-14 February 2014.
[4] R1-134273, "ProSe device-to-device discovery", General Dynamics Broadband, RAN1#74bis, Guangzhou, China, 7-11 October 2013.
[5] R1-135496, "ProSe device-to-device discovery sequence design", General Dynamics Broadband, RAN1#75, San Francisco, USA, 11-15 November 2013.
[6] R1-135497, "ProSe device-to-device discovery link performance", General Dynamics Broadband, RAN1#75, San Francisco, USA, 11-15 November 2013.
[7] R1-133988, "Proposal on In-band Emissions Parameters", Qualcomm, Nokia, NSN, RAN1#74, Barcelona, Spain, 19-23 August 2013.
[8] "[74-13] Values of W, X, Y, Z for working assumption on D2D UE in-band emission model", RAN_WG1 e-mail reflector agreement.
7
Appendix - simulation results
Detailed single-shot discovery simulation results for all dropping options simulated showing the proportion of discoverable neighbours at various distances are presented in Figure 2 to Figure 11 below.  These results show curves for synchronous (even figure numbers) and asynchronous (odd figure numbers) network timings, with and without transmit mask, 64 and 32 D2D subframes and one or two physical resource block discovery messages.  The proportion of detectable neighbours is shown by the solid lines, the proportion of neighbours that are undetectable due to SINR limitations are shown by dashed lines and the proportion of neighbours that are undetectable due to half-duplex limitations, i.e. the transmitted neighbour discovery message coincides with when the discovering device is transmitting its own discovery message.
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Figure 2 – Dropping option 1, synchronous network 
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Figure 3 – Dropping option 1, asynchronous network
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Figure 4 – Dropping option 3, synchronous network
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Figure 5 – Dropping option 3, asynchronous network
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Figure 6 – Dropping option 5 (uniform), synchronous network
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Figure 7 – Dropping option 5 (uniform), asynchronous network
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Figure 8 – Dropping option 5 (hotspot), synchronous network
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Figure 9 – Dropping option 5 (hotspot), asynchronous network
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Figure 10 – Dropping option 5 (indoor-outdoor), synchronous network
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Figure 11 – Dropping option 5 (indoor-outdoor), asynchronous network

















































