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1
Introduction

In RAN1#74bis, the following agreement was stated during the ON/OFF and discovery discussions:

Agreements:
· Reduced transition time of small cell on/off can increase the performance

· RAN1 finds it beneficial to introduce the small cell on/off transition time reduction depending on the detailed scheme

· The enhancements for transition time reduction may include support of:
· Discovery and measurement enhancement(s) in DL in cell off state, potentially also in cell on state, and its usage in related procedures such as handover, CA activation/deactivation, and Dual connectivity (if supported), radio link monitoring

· Continue to investigate RAN1 related procedure of small cell on/off transition time reduction until RAN1 #75 meeting

The open issues from these discussions include for example the amount of interference caused by a discovery signal, backward compatibility and how legacy UEs operated in a network with small cell performing ON/OFF. In this contribution we show performance evaluation for small cell ON/OFF with a discovery signal interference. 
2
Procedures for ON/OFF
2.1 Legacy UE operation 
In case the cell in OFF period does send a nonbackward compatible discovery signal like a periodic PSS/SSS/CRS but does not provide MIB (no BPCH) a legacy UE in RRC_IDLE would consider the cell barred [2] even if it would make some RSRP measurement from the discovery signal. If an RRC_CONNECTED mode user happens to be configured with measurement gaps for interfrequency measurements, it could successfully measure an OFF small cell. Then if the quality is better than the serving cell it would send a HO request to its serving cell. The serving cell could either deny the HO or wake up the small cell using existing RAN3 signaling. During ON period the cell assumably sends all legacy signals and is thus accessible for legacy users. A cell may not turn OFF if it has legacy UEs in RRC_CONNECTED mode attached to it. Thus before turning OFF, the cell makes a connection release or handover for the legacy users. In case there is a legacy user to whom a handover needs to be performed, the cell ON-to-OFF transitions need to be long enough to support that handover (i.e. a backward compatible OFF transition). In case a cell can make a connection release, the ON-to-OFF transition may be shorter. 
Observation:
· Legacy users may operate in a network with small cell ON/OFF but may not be connected to a cell in OFF period.

2.2 Rel 12 UE operation
If a cell sends a discovery signal that is for example a periodic PSS/SSS/CRS, a Rel 12 UE may stay connected to the cell during the OFF period if the UE is DTXed. The UE would measure the cell from the discovery signal in its DRX periods. UE receives the MAC command when to start the DTX period and the small cell would have the discovery with same periodicity. Then, if the UE gets an UL initiated call, it sends PRACH preamble as a scheduling request and it may be scheduled when next discovery is sent. That means that the cell starts sending all control and gives UL resources for the UE (i.e. cell is turned ON). A connection of a Rel 12 UE could also be released prior to OFF state and in that case the UE would behave like a legacy UE and thus would consider the cell as barred. Handover support is not needed necessarily as the UE may stay in connected DRX mode in the cell. 
Observation:
· If a user is connected to the OFF cell and DTXed the transition times can be shortened.

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 discovery signal that consists of periodical PSS/SSS/CRS. The periodicity is 40 ms out of which CRS is transmitted for 6 ms. When new packet call arrives for a user that is RRC_CONNECTED but DTXed, 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 rest of the assumptions can be found in the Appendix A. Tables 1-2 show the average resource utilizations of pico and macro cells and required user throughputs (cell edge/median/average/peak) for all users. 
Table 1. Results for offered load 40 Mbps.
	
	Baseline
	Semi-static ON/OFF with discovery

	Average RU / macro
	0.48
	0.42

	Average RU /  pico
	0.15
	0.12

	Peak (95% CDF) 

	40.4 Mbps/User
	41.7 Mbps/User  (3.2%)

	Average user throughput 
	22.2 Mbps/User
	25.2 Mbps/User  (13.5%)

	Median user throughput 

	21.2 Mbps/User
	25.2 Mbps/User  (18.9%)

	Coverage (5% CDF) 
	8.46 Mbps/User
	9.62 Mbps/User  (13.7%)


Table 2. Results for offered load 60 Mbps.
	
	Baseline
	Semi-static ON/OFF with discovery

	Average RU / macro
	0.72
	0.71

	Average RU /  pico
	0.28
	0.22 

	Peak (95% CDF) 
	35.4 Mbps/User
	38.7 Mbps/User  (9.3%)

	Average user throughput
	17.1 Mbps/User
	20.2 Mbps/User  (18.1%)

	Median user throughput 


	15.4 Mbps/User
	18.9 Mbps/User  (22.7%)

	Coverage (5% CDF)
	5.20 Mbps/User
	6.18 Mbps/User  (18.8% )


Semi-static ON/OFF outperforms baseline (no ON/OFF) in all simulated cases. The assumption that the user is connected to the OFF cell but DTXed reduced the transition times and interference reduction compared to always ON cells give a performance benefit. The reason that the benefit is larger at higher load is due to the effect of interference fluctuation. At lower load, there are more cells in OFF state at the same time with their own discovery periods which causes the CRS interference to fluctuate from subframe to subframe more than when the load is higher.
Observations:
· A periodical discovery signal enables interference reductions.

· At low load the periodical discovery signal causes interference fluctuation from subframe to subframe.
3 
Conclusions

In this contribution we evaluated semi static ON-OFF with a discovery signal and with the assumption that the UE is connected to the OFF cell in a DTX mode. Our observation are as follows:
Observations:
· Legacy users may operate in a network with small cell ON/OFF but may not be connected to a cell in OFF period.
· If a user is connected to the OFF cell and DTXed the transition times can be shortened.
· A periodical discovery signal enables interference reductions.

· At low load the periodical discovery signal causes interference fluctuation from subframe to subframe.
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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


