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1. Introduction
In RAN1#73 meeting the following wayfords have been approved for supporting mechanisms for small cell on/off:
· Further study the following mechanisms in evaluations for RAN1#74:

· UL/DL signal and measurement enhancements for network adaptation decision making

· Enhancements for cell association and load balancing/shifting

· Signaling (e.g. RRC) to inform UE the network adaptation

· Mechanisms to cope with or avoid disruptive interference/measurement jumps due to network adaptation

· Backhaul signaling and coordination enhancements

In the [1] we compare two kinds of ON/OFF schemes and get some initial ideas on ON/OFF design. In this paper we present some results and propose some intial thoughts on ON/OFF scheme design. 
2. Discussion
In [1] two kinds of ON/OFF schemes have been discussed and the potential drawbacks were summarized as:
1. For the network-assited scheme the bursty interference, latency and the coverage of the control cell should be considered.

2. For the UE-initiated scheme the backward compatibility and overhead should be considered.

To better investigate the ON/OFF scheme these potential drawbacks should be taken into consideration. 
Between the two schemes network-assisted method provide backward capability but the latency might be large as the PSS/SSS/CRS measurement is required to choose the small cell to wake up. The UE-initiated scheme might reduce the measurement latency but the backward capability should be taken into account for discovery RS design.
In this paper we propose a UE-initiated ON/OFF scheme with CRS as discovery RS.
2.1 Observation of Interference caused by CRS
In last RAN1 meeting [2] shows the interference caused by CRS and proposes to turn off CRS to reduce the interference. However, the most assessment assumes four antenna ports on which don’t not necessarily happen for small cell discovery. When only one of the antenna ports #2 and #3 is on, the overhead is only 1/6 and the UPT comparison (with no CRS on) has been shown in Table 1 and Table 2.
The following observation is achieved when comparing the all CRS ports on and CRS port #2 on:

1. UPT (with CRS on) for CRS port #2 on scenario is better than all CRS ports on due to less interference;
2. The cell edge UEs are more likely to be interfered by neighbour small cells. When the interference (from CRS) is reduced, the UPT gain is larger than the average UEs’ UPT. The UPT gain is larger than 30% for 5% UPT.

3. Both the 50% UPT and average gain for large arrival rate is more than 30% as the interference reduces.    
Table 1: UPT comparison for All CRS Ports on (*10Mbps), 50% Small Cell Off
	Arrival Rate
	lambda=0.5
	lambda=1.5
	lambda=2.5

	Avg. UPT (Interfered/Clean)
	3.77/4.46
	2.81/4.23
	2.40/4.05

	5% UPT
	2.09/2.85
	1.44/2.54
	1.22/2.45

	50% UPT
	4.28/4.45
	2.91/4.11
	2.45/3.98

	95% UPT
	4.39/4.51
	4.39/4.51
	4.39/4.51


Table 2: UPT comparison for CRS Ports #2 on (*10Mbps), 50% Small Cell Off
	
	lambda=0.5
	lambda=1.5
	lambda=2.5

	Avg. UPT
	4.12/4.46
	3.72/4.23
	3.46/4.05

	5% UPT
	2.80/2.85
	2.44/2.54
	2.29/2.45

	50% UPT
	4.38/4.45
	3.95/4.11
	3.64/3.98

	95% UPT
	4.39/4.51
	4.39/4.51
	4.39/4.51


2.2 Feasibility

Dynamic ON/OFF scheme is proposed to reduce the interference for the dense small cell scenario and the small cells could be thought synchronized. When the dormancy BS employ the CRS (only antenna port 2 or 3) as discovery RS, UE could find the small cell ID and monitor the vicinity cell by CRS measurement. Once the UE decide to wake up one of the dormancy small cells, it could send the waking up request to the vicinity cell. 

As the CRS could be recognized by legacy UE, the backward capability could potential be solved by reusing current control signalling and process. 
To avoid unnecessary interference caused by waking up small cells UE could choose more than one vicinity small cells as the candidates and send the waking up signals. Once the dormancy small cells received the requests, they could negotiate with vicinity cells and decide which will be turned on. After waking up the small cell could response the UE and then the UE could attach to the cell with cell (re)selection/handover procedure.
3. Conclusion

In this contribution we compare the interference caused by CRS with different antenna ports on. The simulation results reveal the interference is much relaxed when only antenna port #2 CRS on. Hereby we propose to keep one CRS port on during OFF state and suggest a CRS based ON/OFF scheme for further study.
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