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[bookmark: _Ref291680302]Introduction
During RAN1 #72bis meeting, the evaluation scenario, performance evaluation metrics and couple requirements are discussed. According to the agenda, this meeting will discuss physical layer option for discovery, power consumption and public safety aspects as follows: 

Identify physical layer options and enhancements to incorporate in LTE the ability for devices within network coverage to discover each other in proximity directly in a power-efficient manner. For the purposes of addressing public safety requirements, identify and study the additional enhancements and control mechanisms required to realize discovery outside network coverage. 

In this paper, we highlight beacon-based discovery and request-based discovery which are discussed in SA2 meeting. The related approaches for power efficiency are also provided as well. Regarding to physical layer decision consideration, it is also discussed to facilitate our discussion.

Discovery Approaches
Beacon-based Device to Device Discovery

Beacon-based discovery approach is common for device to device discovery as shown in Figure 1. A UE periodically broadcasts beacon signaling. Other UEs listen to the beacon signaling and detects if there is a UE broadcasting beacon signaling. If a beacon signaling is detected, the UE is discovered. In [1], it is further highlighted as self-advertising model as shown in Figure 2.



[bookmark: _Ref355815491]Figure 1：Beacon-based Device to Device Discovery.



[bookmark: _Ref355817071]Figure 2：Self-advertising model [1].

Open discovery could apply this approach. Repeated beacon signaling guarantees that all discovery UEs could receive discovery signal without prior information. A discoveree UE could be discovered by other discovery UEs. However, due to repetition of discovery signaling, this approach consumes most radio resource and the associated transmission power. If discovery latency should be minimized, the shorter period of discovery signaling shall be applied and more radio resource is necessary. The capacity of discovery signaling is also limited by overall discovery resource over the resource per discovery signaling, e.g. 50 discovery signaling per subframe and each discovery signaling occupy one PRB in 10MHz bandwidth.

Observation 1：Beacon-based Device to Device Discovery occupies large radio resource due to discovery signaling repetition.
Observation 2：Capacity of discovery signaling is limited by the overall discovery resource.
Observation 3：Open discovery could apply beacon-based device to device discovery approach.

Request-based Discovery 

Request-based discovery is a reversed approach as shown in Figure 3. Mary discovers John and John responses to Mary. John is discovered by Mary. This approach is described in [1] and named as requested-response model as shown in Figure 4.



[bookmark: _Ref355815477]Figure 3：Request-based Device to Device Discovery.






[bookmark: _Ref355817131]Figure 4: Request-response model [1].

This approach could be used for open and restricted discovery. The advantage of this approach is that the discovery capacity could increase to much larger than beacon-based approach. In this approach, only UE would like to discover a UE will send request signaling, i.e. more discoveree UEs of request-based discovery than that of beacon-based discovery could be supported, e.g. 50 request signaling per subframe could be received by more than 1000 UEs in 10MHz bandwidth. When we consider capacity, this approach provides much more gain to beacon-based discovery. This approach is more suitable for scenarios when discovery UE is around discoveree UE. If discovery UE and discoveree UE are not close, all send request signaling are useless and waste reception power consumption. It’s unwise to use this approach. Therefore, some prior information might be necessary to increase the hit rate. Otherwise, this approach does not work.

Observation  4：Request-based approach could be used for open and restricted discovery.
Observation  5：Request-based approach contributes large power consumption to discovery UE if there is no priory information of discoveree UE.
Observation  6：This approach provides much more discovery capacity than beacon-based discovery approach
Observation 7：This approach could minimize power consumption to minimum if discovery UE could find out discoveree UE in a very short time.

eNB-assistance for Device to Device Discovery 

eNB could assist device to device discovery and reduce power consumption for discovery UE.  Figure 5 illustrates a high level concept to demonstrate the eNB-assistance procedure. eNB indicates the time period of each category. Discovery UE could listen to the interested category and listen only on the time period for such category. For the rest period, Discovery UE could enter idle state and save power consumption. eNB-assistance D2D discovery could be the extension to beacon-based device to device discovery.



[bookmark: _Ref355857666]Figure 5：eNB-assistance D2D discovery.

Observation 8：eNB-assistance D2D discovery could be used to reduce power consumption of a UE.



Discovery Period for Device to Device Discovery

Discovery period could be assigned for a discovery UE to discover discoveree UE. Discovery UE could be signaled from Network to discover discoveree UE on a given discovery period. Figure 6 illustrates the concept of discovery period and this example considers request-based discovery. If there is no discovery period, Mary will send request signaling repeatedly until John responses request signaling or waits for time out. If there is discovery period, Mary could sends request signaling on a given request-based discovery signaling and halts its transmission out of discovery period. This approach could be applied for both beacon-based discovery and request-based discovery.



[bookmark: _Ref355883367]Figure 6：Discovery period for D2D discovery.

Discovery period could be also incorporated with beacon-based approach to reduce radio resource usage for restricted discovery. Network could notify discoveree UE to broadcast discovery signaling on a given period when a number of UEs are discovering the discoveree UEs. Radio resource utilization could be further optimized.

[bookmark: _GoBack]Observation 9：Discovery period could reduce power consumption for request-based device to device discovery
Observation 10: Discovery period could reduce radio resource utilization for beacon-based device to device discovery.

Power consumption and applicable scenarios for these approaches

Two main discovery approaches are discussed: beacon-based discovery and request-based discovery. Obviously, both discovery approaches will not be used in the same discovery scenario. Network-assistance discovery approach and discovery period could be further used to enhance both approaches. Table 1 analyzes various combinations and the associated recommendations for open and restricted discoveries. For open discovery, beacon-based discovery is recommended and network assistance could further improve power consumption. For restricted discovery, request-based discovery is recommended and discovery period further improves power consumption.

[bookmark: _Ref355889748]Table 1: Comparsion for Discovery Approach with Various Enahncments.
	
	Beacon-based Discovery
	Request-based Discovery

	
	No
	eNB-assistance
	Discovery Period
	eNB-assistance with Discovery Period
	No
	eNB-assistance
	Discovery Period
	eNB-assistance with Discovery Period

	Open Discovery
	Preferable for Open Discovery due to large number of discovery UEs 
	Further improve to power consumption 
	Improve radio resource utilization
	Improve both radio resource utilization and power consumption
	Not recommended if large number of discovery UEs allowed to discover

	Restricted Discovery
	Not recommended if only small number of discovery UEs allowed to discover
	Improve radio resource utilization on given interval
	
	
	Not required if network notify discovery UE the associated time slot or discovery period
	Further improve to power consumption
	Not required if network notify discovery UE the associated time slot or discovery period



Proposal 1: For open discovery, beacon-based discovery is recommended.
Proposal 2: Network assistance could be further considered to improve power consumption to beacon-based discovery.
Proposal 3: For restricted discovery, request-based discovery is recommended.
Proposal 4: Discovery period could be further considered to improves power consumption to request-based discovery.

Physical Layer Options
Timing synchronous and asynchronous D2D discovery
Timing synchronous and asynchronous discoveries would be the first discussion point for physical layer design option. From WiFi experience, we all know that power consumption is a serious issue. Continuously scanning in time due to asynchronous discovery results in that current smart handheld device consumes huge power and leads to bad user experience. In LTE, timing synchronous discovery is possible due to network synchronous nature and shorter discovery period for all UEs to discover in a very short period is realizable. Furthermore, all discoveree UEs could be discovered with a very short period and discovery efficiency could be further enhanced. Comparing to WiFi, only one device would be discovered in one time on the same carrier, LTE device to device discovery could further improved due to timing synchronous behavior.

Proposal 5: Timing synchronous device to device discovery is recommended.

Resource allocation for Device to Device Discovery
In order to reduce power consumption, a short period is suggested to be allocated for device to device communications. The basic unit for LTE is subframe and the best strategy is to use as small number of subframes as possible. Furthermore, aligning device to device communication with LTE UE transmission, uplink resource is suggested to be used.  

Proposal 6: Apply smallest number of subframes in uplink for device to device discovery

Modulation
Modulation is different in uplink and downlink. For the UE, SC-FDM is used for transmission in uplink and OFDMA is used for reception in downlink. Two kinds of modulation could be used for device to device discovery. SC-FDM and OFDMA. If device to device discovery applies SC-FDM, UE should implement SC-FDM receiver. If device to discovery adopts OFDMA, UE could reuse OFDMA receiver and implement one more OFDMA transmitter in uplink. Comparing complexity between SC-FDM receiver and OFDMA transmitter implemented in UE, OFDMA transmitter would be a cost-effective approach.

Proposal 7: OFDMA is used as transmission scheme for device to device discovery

Discovery Signal Design
There are three approaches for discovery signal design: 1. Preamble only, 2. Preamble plus payload, 3. Payload only. In order to identify which design approach is preferable, we shall identify which are functions are necessary in LTE discovery. Discovery in LTE further provides short message which are discussed in current SA2 solution [2].  Therefore, LTE discovery at least requires three functions: 1. synchronization, 2. identification, 3, content delivery. 
Among these three approaches, preamble only is not applicable due to less number of bits carried in content delivery. Payload only approach can carry more transmission bits but may not resolve synchronization problem. Therefore, preamble plus payload might be the best choice for discovery signal design. 

Proposal 8: Preamble plus payload is used for discovery signal design.
Proposal 9: An LS could be send to SA2 to invite comment on the container size for discovery signal.

Public Safety Requirements

Public safety requires short period for discovery and fast response to discovery signal. High mobile and long range discovery might be the next requirement, i.e. 120km/hr, 2km. Beacon-based approach might be more suitable than request-based approach. Furthermore, short period for the beacon-based approach is necessary due to short call setup time for public safety scenario, i.e. 300ms end to end voice communication. Therefore, the period for beacon-based discovery shall not be short.

Proposal 10: Beacon-based discovery is recommended for public safety and short beacon period is used in urgent scenario.

Conclusions

This paper considers discovery approaches with power consumption evaluation. Physical layer consideration is also discussed and way forward such as OFDMA transmission, minimum subframes in uplink, timing synchronous discovery and discovery signal format is suggested as well.

Proposal 1: For open discovery, beacon-based discovery is recommended.
Proposal 2: Network assistance could be further considered to improve power consumption to beacon-based discovery.
Proposal 3: For restricted discovery, request-based discovery is recommended.
Proposal 4: Discovery period could be further considered to improves power consumption to request-based discovery.
Proposal 5: Timing synchronous device to device discovery is recommended.
Proposal 6: Apply smallest number of subframes in uplink for device to device discovery
Proposal 7: OFDMA is used as transmission scheme for device to device discovery
Proposal 8: Discovery plus payload is used for discovery signal design.
Proposal 9: An LS could be send to SA2 to invite comment on the container size for discovery signal.
Proposal 10: Beacon-based discovery is recommended for public safety and short beacon period is used in urgent scenario.
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  Figure  1 ： Beacon - based Device to Device Discovery .    

