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1. Introduction
In RAN 1 #75 meeting, following agreements and working assumption about D2D discovery were made: 

Agreements:
· 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
Working Assumption: 
· 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
This contribution addresses operation in Type 1 resource allocation for D2D discovery.
2. Discovery resource configuration in consideration of UE power consumption
UE power consumption is an important aspect in D2D discovery design. To assess this power consumption, we consider the discovery resource configurations illustrated in Figure 1. One discovery resource group is an aggregation of NRU discovery resource units (Figure 1 is assuming one subframe length of each discovery resource unit. NG discovery resource groups periodically appear once in each discovery resource period PD. We denote by p the discovery signal transmission probability of a UE at a discovery resource group, and we assume that a UE transmits its discovery signal only once by randomly choosing a discovery resource unit if it decides to transmit in a discovery resource group.
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Figure 1. An illustration of D2D discovery resource configuration.

Table 1 shows the average UE power consumption per subframe for D2D discovery in various discovery resource configurations. The number in the parenthesis is the power consumption normalized by that for PD=0.5 sec. The discovery resource overhead is fixed to 2% which means that 2 subframes out of 100 subframes are allocated to D2D discovery in average. The discovery resource group size is fixed to 10 subframes and the power consumption is calculated with varying the transmission probability and the discovery resource period. Fixing the resource overhead means that NG/PD is constant, so increasing discovery resource period PD leads to a larger number discovery resource groups per period NG. In this section, Discovery subframes in a period are assumed to be contiguous, and to reflect the power consumption for synchronization, we assume that the UE monitors additional 8 DL subframes before the beginning of each discovery resource period. We analyze the average power consumption for different discovery period as shown in table 1:

The average power consumption = discovery rx power + discovery tx power + rx power for synchronization with WAN + sleep power 

= {(p*9 + (1-p)*10)*NG*1 unit + p*1*NG*4 unit + 8*1 unit + (PD - 10*NG - 8)*0.01 unit}/PD 
Table 1. Average power consumption for D2D discovery

	Discovery resource period PD
	Number of discovery resource groups per period NG
	Transmission probability p per discovery resource group

	
	
	20%
	50%
	100%

	0.5 sec
	1
	0.047 (1.000)
	0.049 (1.000)
	0.052 (1.000)

	1 sec
	2
	0.039 (0.830)
	0.041 (0.837)
	0.044 (0.846)

	2 sec
	4
	0.035 (0.745)
	0.037 (0.755)
	0.040 (0.769)

	4 sec
	8
	0.033 (0.702)
	0.035 (0.714)
	0.038 (0.731)


From this table, we can observe that UE battery saving effect can be exploited by increasing the discovery resource period, equivalently by increasing the number of discovery resource groups per period. As the resource overhead is fixed in this calculation, no performance difference is expected among the compared resource configurations at least in terms of the long-term performance. Therefore, we propose to exploit this power saving effect by using the resource configuration illustrated in Figure 1.

Observation 1: An RRC_Idle UE consumes less power if it transmits discovery signal several times after wakes up from a long sleep state. 

Proposal 1: Multiple transmission opportunity should be allowed for each UE in a discovery resource period. Resources in each period can be partitioned into multiple groups, and the number of each UE’s transmission within a discovery resource group can be limited to one.
3. Enhancements on baseline random selection method

As agreed in RAN1 #75, it was a baseline for discovery signal transmission that a UE can transmit on a randomly selected discovery resource. In this section, we discuss enhancement methods on the baseline random selection method.

3.1. Time domain resource coordination to mitigate in-band emission  
In-band emission affects D2D discovery performance significantly. When a UE receives discovery signals in a subframe but if there is a discovery signal transmission arrived with much higher power in a different set of RBs, other discovery signals in the different set of RBs may not be decodable. To reduce this impact, closely located UEs transmit its discovery signal in a same time. In other words, closely located UEs form a group to use same time resource, and the other UE groups use different time resource. For such time coordination, UE grouping method should be devised. As one simple grouping method, cell-specific UE grouping based on RSRP measurement can be considered. To be specific, discovery resource is partitioned into multiple groups in time domain and UEs in same cell use one resource group among the multiple resource groups. For this cell-specific discovery resource can be configured via SIB. At least for asynchronous deployment scenario, cell-specific discovery resource configuration is needed, so such signaling is not much burden. For heterogeneous cell deployments, range expansion could be considered to avoid overloaded discovery resource of macro cell. The cell range expansion offset value for each cell can be signaled by SIB or predetermined. 
In RAN1 #76bis, following agreements were made:

Agreements:
· Confirm that a radio resource pool(s) may be provided by eNB for D2D UEs in SIB for discovery reception for Type-2B (if supported)

· FFS whether the common reception pool(s) or different reception pools for type 1 and Type-2B discovery
· UE is not required to decode neighboring cell SIB
If range expansion for pico cell is applied in heterogeneous deployment, the definition of serving sell should be clarified especially for RRC-idle UEs. If RSRP based cell association for RRC-idle UE without applying the offset is considered, serving cell can be macro cell, but to use small cell’s discovery resource, the UE is required to decode neighboring cell SIB. This operation is conflict with current agreement.  
Figure 2a, 2b, and 2c show discovery performance comparison between grouping and non-grouping. 50% and 100% denote the transmission probability in a discovery period. The details of simulation assumptions are summarized in Appendix. A. The simulation results show that grouping has significant discovery performance gain for outdoor UE dropping compared with non-grouping. In indoor-outdoor mixture dropping case, the performance between grouping and non-grouping is similar. Even though all outdoor UE dropping is not mandatory scenario for discovery, significant performance gain can be observed. Therefore, time domain coordination for discovery signal transmission should be supported to mitigate in-band emission impact on discovery performance. We note that this time resource grouping does not increase discovery period, within a period, discovery SFs are grouped for a group of UEs so there is not much latency issue.  
Observation 2: Time domain coordination can mitigate in-band emission impact on discovery performance.   

Proposal 2: To mitigate the in-band emission impact on discovery performance, UE grouping based discovery resource pool configuration should be supported. RSRP measurement can be used for UE grouping criterion.
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Figure 2a Discovery performance comparison between UE grouping and non-grouping (layout option 1, in-out mixture drop)
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Figure 2b Discovery performance comparison between UE grouping and non-grouping (layout option 3, hotspot drop)
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Figure 2c Discovery performance comparison between UE grouping and non-grouping (layout option 3, uniform drop)

3.2. Transmission probability control
In Type 1 discovery, the network configures a set of discovery resource units for all UEs or a group of UEs, and no additional resource indication is performed. Thus, each UE needs to determine its own discovery signal transmission resource in a random manner. If we use the discovery resource configuration explained in Section 2, a UE first decides whether to transmit the discovery signal for each discovery resource group with a probability p, and if decides to transmit, one resource unit is selected out of the discovery resource group. The transmission probability p determines the overall interference level in the discovery resources, so it substantially affects the discovery time and the number of discoverable UEs. As observed in the evaluation results in [1], a tradeoff relation between the short-term and long-term discoverable UEs can be exploited if the network is able to configure the probability p. In addition, the UE power consumption caused by the discovery signal transmission is also affected by the probability p. For setting suitable transmission probability p for a UE group, some measurement report is necessary. The details of measurement report will be discussed in latter section. 
Proposal 3: For Type 1 discovery, the network configures the transmission probability in consideration of the target discovery range, the tradeoff between short-term and long-term discovery performance, and UE power consumption.
3.3. Retransmission 
Contiguous retransmission in a discovery resource group
 can increase the number of usable symbols. For non-contiguous retransmission, additional time diversity can be achieved, but deterministic time and frequency hopping pattern should be specified to combine the retransmissions. For simplicity and more coding gain due to the increased usable symbols, contiguous retransmission is slightly preferred. Frequency hopping can be introduced for contiguous transmission to get more frequency diversity. The retransmission number can be configured by network. 
Proposal 4: Contiguous retransmission in a discovery resource group is supported in Type 1 discovery. 

4. WAN protection  
In [2] and [3], it was shown that in-band emission interference of discovery signal transmission degrades PUCCH performance when PUCCH resource is FDMed with discovery resource. Note that this issue is not only for discovery but also for communication. A simple solution is to avoid FDMed situation by shifting PUCCH transmission, but if the FDMed between WAN and D2D cannot be avoided, to minimize PUCCH performance degradation, following methods can be considered: 
1) Discovery signal power control 

In [2], open loop power control for discovery signal transmission can reduce the in-band emission interference from discovery signals to PUCCH. However, when open loop power control is adopted for discovery signal transmission, the coverage difference between cell edge UE and cell center UE is significantly increased. Figure 3 shows discovery performance comparison between RSRP 5% (denoted as group 2-cell edge UE) UE and 95% UE (denoted as group 1- cell center UE). The power control parameters of discovery signal are summarized in Appendix A. We observe that the cell center UE reduces its transmission power of discovery signal overly, so that the cell center UE is rarely found. In other words, if power control is adopted in discovery signal transmission, a method to minimize discovery coverage difference between cell edge UE and cell center UE should be devised. As one potential solution, discovery resource groping according UE transmission power or RSRP can be considered. This method is an alternative of cell-specific resource grouping as mentioned in section 3.1. Also eNB can configure more retransmissions for low transmission power UEs to compensate the loss of transmit power. Figure 4 shows an example of RSRP based discovery resource grouping. 
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Figure 3. Performance comparison of the number of discovering UEs for cell center UE (95% RSRP, group 1) and cell edge UE (5% RSRP, group 2)
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Figure 4 An example of RSRP based discovery resource grouping
2) PUCCH power boosting 

Since more interference in PUCCH resource can be expected due to discovery signal transmission, network can indicate to boost PUCCH transmission power in discovery subframe. Different P0 in discovery subframe can be configured by RRC signaling. 
3) Frequency resource selection restriction 

Frequency resource selection restriction for cell center UE can be considered for interference mitigation in PUCCH resource. Such resource selection restriction can be based on RSRP threshold that is configured by eNB. For example, if there is a UE nearby eNB and the UE transmits a discovery signal using PUSCH resource nearby PUCCH region, then in-band emission interference by so-called EVM-shoulder of cell center UE can be reduced. However, this restriction may not be much impact on under the agreed evaluation assumption. In the current agreed in-band emission model, the floor in-band emission interference power is overestimated. In real implementation, in-band emission interference power nearby allocated RBs is much stronger than floor in-band emission interference power compared with the agreed evaluation assumption. 
Observation 3: Open loop power control result in significant coverage different between cell center UE and cell edge UE.  

Proposal 5: For PUCCH region protection, following methods needs to be further studied. 

1) Open loop power control in consideration of minimizing discovery coverage difference between cell edge UE and cell center UE
2) PUCCH transmission power boosting in discovery subframe

3) Frequency resource selection restriction
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Figure 5 An example of frequency resource restriction for PUCCH protection
5. Other issues

5.1. Measurement report

To determine type 1 discovery resource configuration parameters such as discovery period, group size, discovery signal unit size, or to determine discovery resource accessing parameters in type 1 discovery such as transmission power, transmission probability, the number of retransmission for a given resource configuration, or to evaluate whether the configured parameters are suitable or not, some UE measurement report can be beneficial. For example, discovery signal reception quality such as SINR and BLER and discovery resource utilization metric such as RSRP and RSRQ (RSSI) can be reported by UEs. Based on the measurement report, the network can configure the parameters suitably. If the reported quality is too bad in a given discovery resource configuration, the network can configure more discovery resources or indicate to reduce the transmission probability of discovery signal or to increase transmission power for the discovery signal if the dedicated power control is possible. 
Proposal 6: Discovery signal reception quality such as SINR and BLER and discovery resource utilization metric such as RSRP and RSRQ (RSSI) is reported by UEs. 
5.2. Blind decoding capability of UE
UEs receiving the discovery signal transmitted according to Type 1 discovery are unaware of which UE transmits in which resource. So, each receiver UE needs to blindly decode the discovery message without any knowledge. Here, the number of decodable discovery signals in each discovery subframe could be limited like the limitation of the number of PDCCH/EPDCCH blind decoding due to the limited UE processing capability. The number of discovery signal blind decoding can be similar order to the number of PDCCH blind decoding. A UE may implement an energy-detection mechanism to allocate the limited blind decoding capability only to the discovery resources that are likely to deliver actual discovery signal transmissions.

Proposal 7: The maximum number of decodable discovery signals in a subframe should be taken into account. 

5.3. Conflict with WAN

In RAN1 #76, it was agreed that in the event of a time domain conflict between UL WAN transmission and D2D transmission and/or reception and/or switching, UL WAN transmission is always prioritized. If a UE is scheduled to transmit WAN signal in discovery subframe, the UE may loose discovery signal transmission opportunity for a certain subframe. When a UE looses discovery signal transmission opportunity due to WAN transmission, further discussion whether network grants more transmission opportunity for other discovery resource to the UE or not is needed. 
Proposal 8: When a UE looses discovery signal transmission opportunity due to WAN transmission, further discussion whether network grants more transmission opportunity for other discovery resource to the UE or not is needed. 

6. Conclusion
This contribution discussed in operation in Type 1 resource allocation for D2D discovery. The observations and proposals are summarized as follows:
Observation 1: An RRC_Idle UE consumes less power if it transmits discovery signal several times after wakes up from a long sleep state. 

Proposal 1: Multiple transmission opportunity should be allowed for each UE in a discovery resource period. Resources in each period can be partitioned into multiple groups, and the number of each UE’s transmission within a discovery resource group can be limited to one.
Observation 2: Time domain coordination can mitigate in-band emission impact on discovery performance.   

Proposal 2: To mitigate the in-band emission impact on discovery performance, UE grouping based discovery resource pool configuration should be supported. RSRP measurement can be used for UE grouping criterion.

Proposal 3: For Type 1 discovery, the network configures the transmission probability in consideration of the target discovery range, the tradeoff between short-term and long-term discovery performance, and UE power consumption.
Proposal 4: Contiguous retransmission in a discovery resource group is supported in Type 1 discovery. 

Observation 3: Open loop power control result in significant coverage different between cell center UE and cell edge UE.  

Proposal 5: For PUCCH region protection, following methods needs to be further studied. 

1) Open loop power control in consideration of minimizing discovery coverage difference between cell edge UE and cell center UE

2) PUCCH transmission power boosting in discovery subframe

3) Frequency resource selection restriction
Proposal 6: Discovery signal reception quality such as SINR and BLER and discovery resource utilization metric such as RSRP and RSRQ (RSSI) is reported by UEs. 
Proposal 7: The maximum number of decodable discovery signals in a subframe should be taken into account. 
Proposal 8: When a UE looses discovery signal transmission opportunity due to WAN transmission, further discussion whether network grants more transmission opportunity for other discovery resource to the UE or not is needed. 

______________________________________________________________________
Reference

[1] R1-140337, “Resource Allocation and UE Behavior for D2D Discovery,” LG Electronics.  [2] R1-141075, “D2D discovery channel design,” LG Electronics.
[3] R1-140394, “Multiplexing between WAN and D2D from system perspective,” Samsung

Appendix A. Evaluation assumption
	 
	General Scenarios

	LTE Layout
	· Option 1, 3 for figure 2a, 2b, 2c, option 3 for figure 3
· Urban macro (500m ISD)

	Carrier Frequency
	· 2GHz

	System bandwidth
	10MHz Uplink and 10MHz Downlink for FDD

	UE mobility
	3 km/hr

	UE RF parameters
	· Max transmit power of 23 dBm
· 1 Tx, 2 Rx antenna

	Total number of UEs for discovery  per cell
	150

	UE drop for all UEs, for discovery evaluations
	For layout option 1: In-out mixture drop 

For layout option 3: Hotspot drop (figure 2b) & uniform drop (figure 2c)

	Wraparound
	Modelled

	In-band emission
	Modelled

	Discovery signal BLER
performance
	Information bits 
	104bits

	
	Frequency offset
	200Hz

	Discovery resource period
	1 sec

	Number of discovery resource groups per period in figure 2
	Each discovery resource period consists of 9 contiguous subframes. 9 subframes are further divided into 3 groups when resource grouping is applied. One group consists of 3 contiguous subframes. A UE in ith cell transmits its discovery signal in mod(i,3)th discovery resource group. 

	Open loop power control parameter for discovery transmission in figure 3
	P0=-92, 𝛂=1


� We propose a time domain resource coordination as described in section 3.1, so retransmission is performed within a discovery resource group, not a period.





PAGE  
2

[image: image1.emf]Time

Discovery 

resource group

Discovery 

resource period

A discovery 

subframe

One discovery 

resource unit 

[image: image8.png]# of discovered UE

700

600

500

400

300

200

100

e

Grouping, 50%
——Non-Grouping, 50%
Grouping, 100%

/
l

1

7 13 19 25 31 37 43 49 55 61 67 73 79
discovery period

Non-Grouping, 100%



