
3GPP TSG-RAN WG1 Meeting #72
R1-130325
St Julian’s, Malta, 28th January – 1st February 2013
Source:
Panasonic
Title:
Views on evaluation methodology for LTE D2D proximity services
Agenda Item:
7.3.7
Document for:
Discussion and Decision
1 Introduction
In LTE Rel.12, introduction of LTE device-to-device (D2D) proximity services (also callsed LTE ProSe) will be studied [1]. In RAN#58, following were agreed as objectives of study on LTE D2D ProSe [2]:
	
	Within network coverage
	Outside network coverage

	Discovery
	Non public safety & 
public safety requirements
	Public safety only

	Direct Communication
	At least public safety requirements 
	Public safety only


This contribution shows our views on the evaluation methodology and channel model for LTE D2D proximity services. 
2 Discussion
2.1 D2D discovery
Discovery is essential function for both public safety and non-public safety. Our understanding is D2D discovery-specific reference signal (called DRS here) is required to identify UE proximity at least for public safety purpose. The DRS can be also used for an efficient discovery for non-public safety purpose. Therefore, DRS should be specified and should be efficient resource utilization in order not to consume large amount of radio resources for D2D discovery. In case within network coverage, how/when DRS are sent by UE would be configured by the network. In case outside network coverage, how/when DRS are sent by UE would be decided by some rule and/or procedure without network indication. 
The DRS design/format may be similar to/same as existing LTE RS; for example, positioning RS (PRS). RAN1 should study existing RS based and new design based DRS. For comparison of DRS designs/formats, following could be evaluation metrics:
· Discoverable distance
The distance can be expressed as the actual distance in [m] when the resource for DRS is not reused in different UEs. If the resource for DRS is reused, the distance would be expressed as geometry that takes into account the interference. The discovery distance should be larger than the direct communication distance.
· Number of discoverable D2D UEs simultaneously

If the required number of discoverable UEs is large, large amount of time/frequency resources are needed for DRS. Potentially this could be alleviated by defining larger ID-range for generating DRS sequence because reusability (or reuse factor) of time/frequency resource can be improved.
· Accuracy of discovery in the limited search time
The accuracy can be represented by the discovery successful rate within a certain time range. 
· Impact on the normal cellular and/or other D2D communications
The impact on cellular communication shall not be adverse for non-public safety and shall be zero for public safety use cases. For public safety, we assume dedicated band would be allocated and basically no impact on the cellular communication although adjacent carrier impact needs to be studied in RAN4. RAN1 need to evaluate D2D communication impact in case of non-public safety in the same band. The impact could be throughput degradation, large interference, large energy consumption, etc.

Note that the discovery signal would be studied in the context of small cell enhancement [3]. It is desirable to have commonality between DRS and discovery signal in small cell enhancement as much as possible.
Proposals:

· Study DRS design/format. The performance should be evaluated using following metrics:

· Discoverable distance

· Number of discoverable D2D UEs simultaneously

· Accuracy of discovery in the limited search time

· Impact on the normal cellular and/or other D2D communications
· It is desirable that the discovery of small cell and D2D have commonality
2.2 D2D direct communications

D2D direct communications are essential for public safety, but need further study for non public-safety. In the LTE, all communications are established by the network. However, by supporting D2D direct communications, it may be possible to improve energy/resource-efficiency of LTE communications. If such gains are identified in the study item phase, D2D direct communications should be supported for non-public safety case.

D2D direct communications are operated after accomplishing discover procedure between/among proximal UEs. Since there have been no mechanism to support D2D in LTE, there are many points not clear yet. Following need to be concluded through the evaluations:
· How D2D direct communication is controlled
The D2D communication can be assigned/granted by the network in case within network coverage using PDCCH/EPDCCH. This is a dynamic way of D2D controlled by the network. Another example is that the network configure dedicated resources to D2D pairs and the UEs transmit/receive control and data channels altogether. This is a semi-static way of D2D controlled by the network (dynamically controlled by the UE within semi-statically configured resources).
· Whether the waveform is DFT-s-OFDMA-based or OFDMA-based
DFT-s-OFDMA-based D2D transmission/reception is friendly to the RF component of transmitter due to its low CM property, where OFDMA-based D2D transmission/reception is friendly to the BB component of receiver.
· Whether it utilizes UL resource or DL resource
Interference condition to the adjacent cells is quite different between UL resource based D2D and DL resource based D2D.
· Impact on the normal cellular and/or other D2D communications
Same as that in Section 2.1.
Proposals:

· Gains of D2D direct communication should be identified compared to the cellular communications

· If D2D direct communication is supported, following need to be concluded:

· How D2D direct communication is controlled

· Whether the waveform is DFT-s-OFDMA-based or OFDMA-based

· Whether it utilizes UL resource of DL resource

· Impact on the normal cellular and/or other D2D communications

2.3 Evaluation methodology

For initial evaluation, SINR distribution of D2D link should be evaluated in order to know the operation condition. 
For D2D discovery, SINR distribution would represent performance of discovery signal with respect to discoverable distance, discoverable number, and discovery accuracy.
The SINR distribution could also be utilized in order to know the possibility of D2D direct communications in initial evaluation. It is not affected by how D2D direct communication is controlled by NW and/or UE. As the second step, other performance can be evaluated like D2D throughput.
Note that for both evaluations and non-public safety use case, cellular throughput should be accounted. 
Regarding the channel model, we consider simple modeling of D2D channel is sufficient for initial evaluation. For example in [4], WINNER scenario A1 (indoor/office) is assumed for indoor D2D with a distance dependent LOS probability in the same room, where WINNER scenario B1 and B4 are assumed for outdoor D2D and cross indoor/outdoor D2D channels, respectively. 
It is important to determine device density and devise distribution for D2D discovery. Indoor/outdoor ratio and building distribution should also be considered carefully taking into account D2D discovery use cases. For D2D direct communications, instead of device density and its distribution, D2D pair density and its distribution should be determined. This should also take into account the potential service cases of D2D direct communication. 
Proposals:

· Initial performance evaluation is done by SINR distribution

· Device density and distribution are decided for D2D discovery evaluation and D2D pair density and distribution are decided for D2D direct communication firstly, taking into account the use cases.
3 Conclusion
In this contribution, we discussed our views on the evaluation methodology and channel model for LTE D2D proximity services. Our proposals are following:

For D2D discovery,
· Study DRS type of new D2D discovery procedure. The performance should be evaluated using following metrics:

· Discoverable distance

· Number of discoverable D2D UEs simultaneously

· Accuracy of discovery in the limited search time

· Impact on the normal cellular and/or other D2D communications
· It is desirable that the discovery of small cell and D2D have commonality
For D2D direct communications,

· Gains of D2D direct communication should be identified compared to the cellular communications

· If D2D direct communication is supported, following needs to be concluded:

· How D2D direct communication is controlled

· Whether the waveform is DFT-s-OFDMA-based or OFDMA-based

· Whether it utilizes UL resource of DL resource

· Impact on the normal cellular and/or other D2D communications

For evaluations,

· Initial performance evaluation is done by SINR distribution

· Device density and distribution are decided for D2D discovery evaluation and D2D pair density and distribution are decided for D2D direct communication firstly, taking into account the use cases.
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