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1
Introduction

Agreements from last RAN1#76 include:

Agreements:
· Network assistance related to at least timing associated with discovery measurement is provided to UEs for Rel-12 discovery procedure
· It does not mean that DRS-based measurement reporting based on autonomous UE detection is precluded 

· Accuracy of timing considered for network assistance will be defined by RAN4
· FFS: What is timing information associated with discovery measurement
· FFS: Other information provided

Agreements:
· Followings can be considered as candidate signals for each purpose

· For coarse time synchronization:

· Candidate signals are PSS, PSS/SSS, PRS

· For coarse frequency synchronization:

· Candidate signals are PSS, PSS/SSS, CRS, CSI-RS, PRS

· For cell/transmission point identification:

· Candidate signals are PSS/SSS, CRS, CSI-RS, PRS

· For RSRP measurement:

· Candidate signals are PSS/SSS, CRS, CSI-RS, PRS

· For received signal quality (RSRQ) measurement:

· FFS: Whether RSSI can be measured by symbols including discovery signals or symbols not including discovery signals
· For any of above purposes, Tx-side enhancement, e.g.,  muting and utilizing multiple instances, and/or Rx-side enhancement, e.g., interference cancellation, can be considered

· UE can utilize a combination of discovery signals for any of above purposes
The details of the possible discovery signal as well as the related measurements are open issues and need to be addressed in this WI. In the accompanying paper [2] we discuss the discovery signal desing and related measurements and in this paper we show system level performance evaluation for the case of alinged discovery signal.
2
Discussion
As one outcome of the SI, the transition times affect the performance of the ON/OFF scheme and it was concluded that a discovery signal could enable reducing the transition times. As discussed in the accompany contribution [2], there are certain tradeoffs related to aligning the discovery bursts. In an ideal case, a discovery burst or legacy signal PSS/SSS should be present from all cells when a UE makes the scanning. However, one potential disadvantage is the increase of interference on certain subframes and a more ‘peaky’ interference. In this contribution we show our system level evaluation results for the most extreme alignmend or synchronous case of the discovery bursts. The existing gap patterns with measurement length of 6ms serves as a good starting point for the discovery periodicities and burst duration. That is, 40 ms or 80 ms periodicity and 6 ms burst duration allowing 1 ms for ACG.
When a packet call ends, there are three assumptions what can happen to the connected mode user to enable the cell to turn OFF. One assumption is that the connection is simply released and that the UE performs cell reselection. SeNB may also initiate handover for the user or the user can be DRXed with the same or multiple of the periodicity as the discovery signal. In all cases, a guard period should be applied at least to receive the last ACK from the last packet before the cell can turn OFF. Then again the turn ON period is likely to be at least the duration to next discovery burst. If the UE is checking for each burst whether there is PBCH or PDCCH it could in principle receive data without extra signalling. However, it is FFS whether this can be assumed.  
3
Simulation results

Here we show our small cell semi-static ON/OFF results in Scenario 2a. In our evaluation the turn-off is triggered when the packet call is completed and a 10 ms guard period has passed. During the 10 ms, the cell transmits legacy signals and if no new packet call has arrived, cell starts transmitting periodical discovery signal. Interference cause by the discovery burst is modelled as legacy CRS. The periodicity for discovery signal is 40/80 ms out of which CRS is transmitted for 6 ms. Furthermore, it is assumed that discovery signal transmission is alinged between all small cells. This is compared to baseline and nonaligned discovery signal. When new packet call arrives for a user that is in RRC connected mode but DTXed with the same periodicity as the discovery signal, the call may start from next discovery signal transmission. The delay is modelled in the UTP.

In our evaluations, we simulated offered loads of 40 and 60 Mbps per macro cell area (MCA) by using FTP Model 1. The RSSI calculation applied in these results is such that RSSI of the macro layer is is calculated as in Rel 8 and RSSI of the small cell layer is calculated to not to take into account the discovery bursts. It is same as option 1 in [4].The rest of the assumptions can be found in the Appendix A. Performance comparison between semi-static ON/OFF with both aligned and nonaligned discovery signal transmission against the baseline is shown in Tables 1 and 2 for 40 and 80 ms discovery signal periodicitiy. Relative gains in user throughput over the baseline are shown in parentheses. 
Table 1 Performance comparison between baseline and semi-static ON/OFF – 40 ms DRS periodicity
	
	Offered load 40 Mbps
	Offered load 60 Mbps

	
	baseline
	aligned
	unaligned
	baseline
	aligned
	unaligned

	Pico association ratio
	0.83
	0.86
	0.86
	0.84
	0.83
	0.86

	Average RU / macro
	0.30
	0.28
	0.28
	0.49
	0.57
	0.56

	Average RU /  pico
	0.17
	0.14
	0.14
	0.32
	0.25
	0.25

	Peak (95% CDF) Mbps/User  

	39.2
	41.2 (5.1)
	41.2 (5.1)
	36.0
	37.7 (4.7)
	38.1 (5.8)

	Average user throughput Mbps/User  
	22.1
	25.1 (13.6)
	24.5 (10.9)
	17.3
	19.4 (12.1)
	19.8 (14.5)

	Coverage (5% CDF) Mbps/User  
	9.04
	9.82 (8.60)
	10.0 (10.6)
	5.24
	6.33 (20.8)
	6.84 (30.5)


Table 2 Performance comparison between baseline and semi-static ON/OFF – 80 ms DRS periodicity

	
	Offered load 40 Mbps
	Offered load 60 Mbps

	
	baseline
	aligned
	unaligned
	baseline
	aligned
	unaligned

	Pico association ratio
	0.83
	0.87
	0.87
	0.84
	0.83
	0.83

	Average RU / macro
	0.30
	0.26
	0.26
	0.49
	0.57
	0.56

	Average RU /  pico
	0.17
	0.13
	0.13
	0.32
	0.24
	0.24

	Peak (95% CDF) Mbps/User  

	39.2
	43.5 (11.0)
	41.2 (5.1)
	36.0
	37.4 (3.9)
	37.0 (2.8)

	Average user throughput Mbps/User  
	22.1
	23.9 (8.1)
	23.2 (5.0)
	17.3
	18.3 (5.8)
	18.6 (7.5)

	Coverage (5% CDF) Mbps/User  
	9.04
	9.17 (1.4)
	9.48 (4.9)
	5.24
	6.03 (15.1)
	6.25 (19.3)


Following observations can be made from the performance comparison:

· Semi-static on/off provides clear gains over baseline in terms of coverage/average/peak user throughput.especially with lower 40 ms discovery signal periodicity 

· Best performance in terms of coverage/average is obtained with the shorter 40 ms discovery signal periodicity.

· When periodicity is longer, the call waiting time is longer and that reduces the achieved UTP gains over the baseline.

· When the performance with aligned and nonaligned discovery is compared in terms of coverage, it is observed that nonaligned discovery outperforms aligned discovery, even though the performance losses due to alignment is quite modest
· Performance loss comes from the bursty discovery signal interference, which leads to reduced OLLA performance compared to nonaligned case, where discovery signal interference is more evenly distributed over time
Observation 1: Semi-static ON/OFF with aligned discovery provides clear gains in coverage and average user throughput over the baseline.

Observation 2: There is mainly modest performance difference between aligned and nonaligned discovery.
3 
Conclusions

Following observations can be made from the performance comparison:

· Semi-static on/off provides clear gains over baseline in terms of coverage/average/peak user throughput.especially with lower 40 ms discovery signal periodicity 

· Best performance in terms of coverage/average is obtained with the shorter 40 ms discovery signal periodicity.

· When periodicity is longer, the call waiting time is longer and that reduces the achieved UTP gains over the baseline.

· When the performance with aligned and nonaligned discovery is compared in terms of coverage, it is observed that nonaligned discovery outperforms aligned discovery, even though the performance losses due to alignment is quite modest

· Performance loss comes from the bursty discovery signal interference, which leads to reduced OLLA performance compared to nonaligned case, where discovery signal interference is more evenly distributed over time

Observation 1: Semi-static ON/OFF with aligned discovery provides clear gains in coverage and average user throughput over the baseline.

Observation 2: There is mainly modest performance difference between aligned and nonaligned discovery.
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Appendix A – Simulation assumptions

	Parameter
	Value

	Simulated SCE scenario
	2a, 1 cluster, 10 SCs / cluster

	Carrier frequency
	2.0 GHz for macro, 3.5 GHz for pico

	Channel model and propagation
	ITU UMa propagation for macro-to-UE links, ITU UMi propagation for pico-to-UE links

	Antenna configuration
	2 Tx XPOL, 2 Rx XPOL

	Transmission scheme
	2x2 SU-MIMO with  rank adaptation

	UE receiver
	MMSE-IRC

	Channel estimation for feedback
	Realistic CSI-RS

	Channel estimation for demodulation
	Realistic DM-RS

	UE feedback
	Feedback mode 3-1 (wideband PMI, narrowband CQI with 6 PRB subband size), 6 ms delay (CQI,ACK/NACK, PMI), 10 ms reporting interval

	Scheduler
	TD-PF/FD-PF

	Traffic model
	FTP model 1, buffer size 0.5 Mbytes

	Offered load
	40, 60 Mbps/MCA

	Cell selection method
	RSRQ

	RSRQ CRE between layers
	0 

	RS overhead
	CRS: 2 CRS Rel´8 legacy overhead
DM-RS: 12RE/PRB 
CSI-RS: 1 RE/port/PRB per 10 ms

	Control channel modelling
	Only overhead (3 OFDM symbols) modeled

	HARQ
	Max 4 retransmission, chase combining

	Cell DTX
	Baseline: Disabled (CRS transmitted from all cells), semi-static ON/OFF : Enabled (CRS transmitted only from active cells)

	Discovery signal
	CRS for 6 ms with periodicity of 40 ms


