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1. Introduction
Repetition of discovery transmissions within a discovery period can provide more detection opportunity for receiving UEs. The receiver is able to get the performance benefit by combining the signal (re)transmissions, assuming deterministically associated discovery resources for repetition. In RAN1 #78bis meeting, support of repetition for discovery transmissions within discovery period was confirmed and contiguous repetition over subframes was agreed [1].

Agreement:

· For both Type 1 and Type 2B discovery:

· Confirm the working assumption that repeated transmissions of discovery signal within a discovery period is supported.
Agreement:

· Contiguous repetitions over subframes within the configured discovery resource pool is supported for D2D discovery.
· Send an LS to RAN4 stating the following:
· RAN1 sees benefits of soft-combining of repeated transmissions of discovery messages within a discovery period when repeated transmissions are configured
· In case the UE shares a common soft buffer for storing PDSCH and discovery message soft bits, if a UE’s soft buffer cannot to accommodate soft channel bits for both PDSCH and discovery message receptions (note that soft buffer management is up to UE implementation)
· In such cases, PDSCH reception may be prioritized or discovery messages may not be combined (PDSCH reception shall not be impacted by D2D discovery reception)
· RAN1 requests RAN4 to take the above into considering if/when defining performance tests for soft-combining of discovery messages within a discovery period 

· RAN1 indicates to RAN4 that if the D2D discovery subframes in which repetitions occur are physically contiguous with the same starting and ending subframe for all discovery signals that the UE is to receive, this may help to limit UE complexity, although this depends on the configuration of the resource pools; 

· Note that channel estimation combining is not assumed. 

Agreements:
· For both Type 1 and Type 2B discovery
· The maximum number of repeated transmissions, excluding the initial transmission, is configurable between 0, 1, 2, 3.

· A common value is used for all UEs for transmissions within a discovery resource pool

· RV pattern is:
· [0 2 3 1]
The repetition rule for determining frequency resources associated to the same discovery signal remains open.

Another remaining issue for discovery is the probability-based discovery transmission. The agreement in RAN1#78bis is cited as following [1].
Agreement:

· For Type 1 discovery

· For each discovery period, a UE transmits on a randomly selected discovery resource based on a transmission probability p that is configured as part of each Type 1 discovery resource pool, without considering resources which cannot be used 

· 0 < p ≤ 1
· p={0.25, 0.5, 0.75, 1}
· For each discovery period, the above decision to transmit or not applies to both the initial and any retransmission(s) of a discovery signal within the period

Even with the above agreement, the exact behavior of transmitting UE is unclear if p < 1. In the following sections, remaining details of repetition and probability-based transmission will be discussed.
2. Frequency repetition rule for discovery
As contiguous repetition rule has already been agreed, the remaining issue is how to deterministically link the frequency discovery resources for repetition. Frequency hopping rule for discovery repetition was discussed in RAN1#78bis without conclusion [1]:
Proposal 2
· For both Type 1 and Type 2B discovery, Type 1 PUSCH hopping, based on predefined hopping offset, should be adopted for D2D discovery with repeated transmissions within a discovery period. In particular, the frequency resource on the kth (1≤ k ≤ L-1) repeated transmission is given as
nf (k)=  [nf(0) + k*floor(Nf/L)] modulo Nf

In our view, frequency hopping should facilitate the potential gain of frequency diversity, and thus is necessary if we want to maximize the repetition gain. From this perspective, the frequency hopping rule listed above seems to be a good choice where discovery resources are more scattered in frequency, irrespective of the transmission numbers. Moreover, it could also simplify the design for discovery.

Proposal 1: frequency hopping rule nf (k)=  [nf(0) + k*floor(Nf/L)] modulo Nf  can be supported for Rel-12 discovery repetition.
Moreover, we note that repetition may lead to increase of UE complexity. For example, if the configured re-transmission number is 3, UE can keep accumulating the soft bits of discovery message till after the last subframe of 4 consecutive subframes and then do the decoding. If the starting and ending subframe for all discovery signals is not aligned, UE has to do soft-combining in each discovery subframe. However, if the starting and ending subframes for all discovery signals of a transmission opportunity are aligned, UE complexity may be reduced. This means that if re-transmission number is 3 for instance, discovery subframes configured by eNB should be a multiple of 4, and repeated transmission of a discovery signal should only occur within a four-subframe group. An example is shown in Fig.1.
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Figure 1 Example of discovery repetition with re-transmission number = 3
Actually, this problem had been figured out in RAN1#78bis, “RAN1 indicates to RAN4 that if the D2D discovery subframes in which repetitions occur are physically contiguous with the same starting and ending subframe for all discovery signals that the UE is to receive, this may help to limit UE complexity, although this depends on the configuration of the resource pools;” We recommend that this could be considered for discovery repetition.
Observation 1: UE complexity may be reduced if the starting and ending are aligned for all discovery signals in a transmission opportunity.

3. UE behavior for probabilistic-based discovery transmission
Although the probabilistic discovery transmission was agreed, UE behavior seems still unclear if the configured probabilistic is smaller than 1. In the offline email discussion of D2D RRC parameters, two alternatives of UE behaviors were discussed:
a)         In each period, UE independently decide whether to transmit with probability p; 

b)         In each period, UE’s decision is based on its decision made in previous periods and the probability p. For example, a UE can transmit with a fixed pattern: 

                         i.              when p=0.25, it transmits once every 4 periods; 

                       ii.              when p =0.5, it transmits in alternative periods; 

                      iii.              when p =0.75, it withdraws 1 transmission every 4 periods; 

                      iv.              and when p =1, it transmits every period.

We see the benefit of Alt b) as UE behavior could be better controlled and discovery latency can be restricted. In order to compare the performance of the two alternatives, system-level simulation is carried out. The numbers of discovered UEs as a function of period are shown in Fig.2. The detailed assumptions and parameters for simulation can be found in Annex.
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Figure 2 Discovery performance comparison of Alt-a and Alt-b
It can be seen that Alt b) noticeably outperforms Alt a) especially when p is small. 
The performance of discovery in terms of latency is also studied. The discovery latency statistics are shown in Fig.3.
[image: image3.emf]0 32 64 96 128

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

x (subframes)

F(x)

Empirical CDF

 

 

Alt-a p=1.0

Alt-b p=1.0

Alt-a p=0.75

Alt-b p=0.75

Alt-a p=0.50

Alt-b p=0.50

Alt-a p=0.25

Alt-b p=0.25


Figure 3 Discovery latency comparison of Alt a) and Alt b)
It can be seen that Alt a) leads to a relatively large discovery latency compared with Alt b). In fact, it is observed in the simulation that in the case of Alt-a, there is a chance that UE may not transmit discovery message for a long time. For example, when the transmission probability is 0.25, 10.2% transmitting UEs have to wait more than 12 discovery periods for transmission. This means if the discovery period is 1024 radio frames, they have to wait for 120 seconds (2 minutes) to transmit discovery signal! Such latency seems intolerable. More discovery latency statistics are shown in Fig.4, according to transmission probability 0.25, 0.5 and 0.75 respectively. Please note that even for p=0.75, there are two UEs whose discovery latency is larger than 8 periods.
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Figure 4 Discovery latency statistics of Alt. a) when p = 0.25(a), 0.5(b), 0.75(c) 
Observation 2: discovery latency is intolerable for Alt-a.

While in contrast, for Alt-b, not only the discovery latency is tightly bounded (a maximum 3 periods if p=0.25), but also the occupation rate of discovery resources are less varying and thus Alt b) shows better discovery performance. Based on the evaluations, we have the following proposal.
Proposal 2: fixed patterns for discovery transmission can be considered to avoid unbounded discovery latency caused by pure probabilistic discovery transmission.
4. Summary
In this contribution, remaining details for discovery repetition and probabilistic discovery transmission were discussed. Based on the discussion and evaluation, we have the following proposals/observation.
Proposal 1: frequency hopping rule nf (k)=  [nf(0) + k*floor(Nf/L)] modulo Nf  can be supported for Rel-12 discovery repetition.
Observation 1: UE complexity may be limited if the starting and ending are the same for all discovery signals.

Observation 2: discovery latency is intolerable for Alt-a.

Proposal 2: fixed patterns for discovery transmission can be considered to avoid unbounded discovery latency caused by pure probabilistic discovery transmission.
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Appendix: Simulation assumptions

	Parameter
	Assumption

	Layout
	Option 1: Urban macro (500m ISD) + 1 RRH/Indoor Hotzone per cell

	Channel model
	According to TR 36.843 v0.2.0

	Carrier frequency
	2G MHz

	System bandwidth
	10 MHz

	Network synchronization
	All eNodeBs are synchronized

	UE antenna configuration
	1 TX 2 RX

	Transmit power
	23dBm, Antenna gain 0 dBi, Noise figure 9 dB

	Number of D2D UEs per sector
	150 UEs

	UE drop for D2D UEs, for discovery
	As described in TR 36.843 v0.1.0

	Discovery Bandwidth
	44 PRBs

	Discovery subframes number in one period
	32

	Discovery message size
	256 bits

	Resource allocation
	Random allocation within each period as baseline

	In-band emission
	[W,X,Y,Z] = [3,6,3,3]dB

	Multiple access type
	SC-FDMA

	Modulation type
	QPSK

	UE mobile speed
	3km/h

	Discovery Type 
	Type 1 Discovery

	Resource unit for discovery
	2 PRBs
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