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1. Introduction
In the RAN1 #73 meeting, the initial results of system performance of small cell on/off schemes were provided, and some potential impacts on system performance for SCE were discussed. An observation on small cell on/off schemes for SCE was made as follows [1]:

· Significant UPT benefits are observed relative to a baseline without CRS interference mitigation or MBSFN subframes, with FTP models 1 and 3 at least when idealized dynamic (i.e., subframe-level) small cell on/off is assumed and with low/medium load 

· Potential impacts on other system performance

· Legacy UEs cannot be supported on cells operating dynamic on/off, and legacy Idle UEs cannot be supported in the vicinity of such cells on the same carrier. 

· Mobility

· Energy consumption

And further study the following mechanisms:

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

· Enhancements for cell association and load balancing/shifting

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

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

· Backhaul signalling and coordination enhancements

In this contribution, we first discuss different schemes for re-activation of dormant small cells from DTX state, and then provide performance evaluations on different time-scales of small cell on/off. At last, we discuss standardization impacts.

2. Small cell on/off design considerations
Increasing the number of small cell nodes in hot spot deployment is an effective mechanism to increase network capacity and reduce coverage holes, but it also brings a lot of problems, such as inter-cell interference, increased handover and signalling, energy consumption etc. especially in high density SCE deployment scenarios. Therefore, when the additional capacity is not needed or mutual inter-cell interference is strong for a small cell, the small cell can be turned off (deactivated/dormant), in order to save power consumption and reduce the interference to the adjacent cells. On the other hand, when the additional capacity is needed, the small cell can be turned on (reactivated) to meet the network capacity requirement. 

Significant UPT benefits are observed from [2-8] relative to a baseline without CRS interference mitigation or MBSFN subframes with low/medium load although simulation assumptions and prerequisites of different documents may be different. Therefore, we need to study possible schemes of small cell on/off mechanism; including how and when to reactivate the dormant small cell from DTX state, performance benefits with feasible time scale, impacts on idle or legacy UEs, etc.
2.1 Schemes to reactive dormant small cells
There are several schemes considered to reactivate a dormancy small cell.
· DL-Signal based solutions

The dormant small cell transmits DL discovery signal, e.g. the legacy signal (PSS/SSS/CRS) or modifications, or a new discovery signal. The discovery signal sent by every dormant small cell with some periodicity is used for the potential UEs to detect cells. It should be noted that the legacy signal may not be suitable for direct detection due to issues such as overhead (period), interference, and complexity. Thus the small cell discovery signal may need to be re-designed instead of using the legacy signal directly. The overhead of this DL based scheme is not increasing with the number of potential UEs but only depends on its periodicity. Obviously, a short periodicity means bigger overhead and may cause interference problems; on the other hand, a long periodicity may cause larger latency to discover dormant small cells. 
· UL-Signal based solutions

This scheme does not require the dormant small cell transmit DL discovery signal. But UEs need to send UL signals such as PRACH, SRS, PUSCH, or modified signals of the aforementioned. Network may signal some or all dormant small cells to monitor UL signals and then decide whether to turn on a dormant small cell. One limitation for UL based scheme is that the potential overhead may be large if the number of the UEs in the vicinity of a dormant small cell is large. 
· Network-Assisted Reactivation

The macro cell or the small cell cluster-head can reactivate the dormant small cells in the vicinity of UEs when these UEs need to be offloaded based on traffic loads and interference levels of adjacent active small cells [2, 9]. This scheme does not require additional signals sent by small cells, so it has little impact on radio interface. However, the feasibility and performance will depend on the following factors such as the coverage of macro cell, the number of offloaded UEs, and backhaul latency. In addition, on/off information may be exchanged between neighboring small cells. This scheme may also need to know UEs’ location information for efficient reactivation of dormant small cells. Another issue is that how to identify the best small cell for the offloading UEs.
Taking into account the benefits and drawbacks of three schemes above, the downlink signal based solution may be suitable for reactivation of dormant cells. In particular, a DL signal not only can be used for cell discovery, but also could be considered for cell detection and hence reactivation of dormant cell. The key is what kind of signal should be transmitted so as to achieve a tradeoff between overhead, interference and discovery latency. The current SSS sequences are designed / optimized for the cases where cell distance is of several hundred meters. In the case where cell density is high, e.g., cell distance is less than 100m, the design of the current SSS sequences will cause performance issues: large spikes in the cross correlation among different SSS sequences [13]. SSS detection becomes interference dominant as the cell density increases. Therefore, we should give priority to DL-signal based solutions especially using a new discovery signal.
Proposal 1: We should give priority to DL-signal based dormant cell reactivation solutions especially using a new discovery signal.
2.2 Performance benefits with feasible time scale

The time scales for evaluations of small cell on/off are concluded in [12]. Time before a UE without CA capability can use a just turned on small cell, i.e. transition time from “off” to “on” may be seconds’ level. Measurement especially inter-freq measurement (960ms) takes up most of the time scale. Some enhancements can be used to reduce the transition time of semi-static small cell on/off scheme. Dynamic small cell on/off scheme at subframe-level can obtain better performance gain than semi-static scheme although the latter can also improve system performance [4]. Due to various backhaul conditions for different operators and small cell deployment scenarios, we think both semi-static and dynamic small cell on/off schemes need study further and different time scales should be adopted at different scenarios：

· Dynamic on/off for ideal backhaul

· Semi-static on/off for non-ideal backhaul
Performance evaluation is done to investigate the benefit of dynamic on/off. 
First set of simulations are done with full buffer traffic in scenario 1 in order to see the performance impact of fully on/off coordination on ideal backhaul. As illustrated in Figure 1(a), a cluster of 5 small cells are coordinated to turn on/off. In the coordinated subframes, only one small cell is allowed to transmit. When the small cells are off, there is no interference, i.e. CRS doesn't exist.    

· 
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· Figure 1(a) coordinated on/off scheme in 25% of subframes                Figure 1(b) coordinated on/off scheme in all subframes
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Figure 2 Performance gains of on/off coordination scheme in dense deployment over sparse deployment

Figure 2 shows the simulation results. We perform simulations with three cases. The first case is without on/off coordination. Small cells are always on in this case. The second case is with on/off coordination in one forth of subframes. The third case is with on/off coordination in all subframes. The baseline is a spare small cell deployment where there are four small cells deployed per macro cell.   
It can be observed that with dynamic on/off coordination, significant gain can be achieved on cell edge throughput if on/off coordination is done in 25% of subframes. Although coordination in all subframes is not as good as other cases including without small cell on/off, it makes sure only four small cells on in the macro area so that the energy efficiency can be achieved while still providing gain over the sparse small cell deployment.
Another set of simulations are done in scenario 2a with non-full buffer traffic. FTP model 3 with lamda = 2 is used. In this case, there is no restriction to the number of subframes which can be turned on/off dynamically. The observed RU in macro cell is about 5%. Figure 3 shows the performance gain of dynamic on/off compared to no on/off in terms of mean and edge (5%-ile) UE throughput.
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Figure 3 Performance gains of on/off coordination scheme in dense deployment
Note that dynamic on/off without transmitting CRS and other common signals will affect the support of legacy UEs.  Although it is expected that dynamic on/off would give higher performance gain, it is also worth investigating into semi-static on/off so that legacy UEs can also benefit from small cell on/off. 
Proposal 2: Both semi-static and dynamic small cell on/off schemes need study further.

3. Potential impacts of small cell on/off

3.1 On/off transition
Small cell on/off may cause dramatic interference jumps to neighbouring cells and other UEs during the initial time of start transmit PDSCH [10]. Once a dormant small cell is activated, it will start transmit common channels, e.g. CRS, PBCH, SCH, etc. Nearby UEs are configured to measure the newly activated small cell, and report the measurement result to their serving cell. The serving cell makes handover decision based on the measurement result and other factors. Obviously, it will take a considerable time for the handover transition. During the transition time, the common signals from the newly activated small cell can be a strong interference to the UE, as the UE has been in the coverage of it. In other words, if dormant small cell is activated without consideration of nearby UEs, it will cause strong interference to the UEs under its coverage but served by neighbour cells. 
In addition, the Ping-Pong effect [4, 10] may rise if UE moves back and forth between neighbouring cells. In turn, frequent node on/off will cause high interference fluctuation. Thus, coordination among cells for small cell on/off switching should be further studied. Power adaptation, coordination between cells, intermediate switch state, or flexible transient time may be useful to avoid sudden interference jumps and the Ping-Pong effect described in above. 
3.2 Idle UEs 

When an idle UE is moving into the coverage area of a dormant cell, as the idle UE might not report the detection of the discovery signal of the dormant cell in time, it cannot reactivate the dormant cell by itself.  In other words, the idle UE may not be covered, i.e. a coverage hole exists for such idle UEs.

Generally, small cells act as capacity boost or coverage supplement in the network. Usually a macro layer exists in the former case, but not for the latter case. Different methods should be adopted for these two cases. 

For the first case with a macro layer, idle UEs can camp on the coverage layer such as the macro eNB. Small cell on/off scheme applies only to small cells; so the macro coverage layer provides basic coverage. Idle UEs periodically wake up in order to monitor the L1/L2 control signalling sent by the macro coverage layer. UEs can move to RRC_CONNECTED state from RRC_IDLE state through random access process. Once in RRC_CONNNECTED state, UEs can perform normal activation/ de-activation process.

For the second case, if a small cell is turned off, the transmit power of its neighbour small cells should be increased to extend their coverage, i.e. neighbour cells will take over the dormant cell’s coverage area. If neighbour cells can’t increase their transmit power anymore; the small cell should not be turned off to avoid coverage hole.

3.3 Legacy UEs
As discussed, dynamic on/off without transmitting CRS and other common signals will affect the support of legacy UEs. Semi-static small cell on/off scheme can support legacy UEs although with less gain. Legacy UEs may not support the subsequent optimized process which may be introduced in Rel-12 specification, e.g. detecting the new discovery signal or modified legacy reference signals, but still, legacy UEs can re-activate a dormant small cell through some implementation approach. For instance, a dormant small cell can monitor and measure the uplink signal sent by legacy UEs, e.g. if the dormant cell detects a strong uplink signal exceeding a certain threshold, it will decide to activate itself. Even less optimized, such approaches and semi-static small on/off are necessary for various small cell deployment scenarios where legacy UE support is a must. 
3.4 Considerations on NCT

In some cases such as in low/medium load condition for SCE scenarios, both small cell on/off mechanism and new carrier type can improve system performance and save power consumption due to that inter-cell interference and overhead brought by CRS can be reduced. But NCT will impact on the access of the legacy UEs. Besides, small cell on/off scheme may have better energy efficiency than NCT. According to the above content, it is necessary to further study small cell on/off mechanism in addition to NCT for SCE scenarios.
Proposal 3: It is necessary to further study small cell on/off mechanism in addition to NCT for SCE scenarios.

4. Conclusions
In this contribution, we discussed schemes to reactive dormant cells and some potential impacts for small cell on/off. We also presented some preliminary simulation results to show the benefits of small cell on/off. The proposals are summarized as follows:

Proposal 1: We should give priority to DL-signal based dormant cell reactivation solutions especially using a new discovery signal.

Proposal 2: Both semi-static and dynamic small cell on/off schemes need study further.

Proposal 3: It is necessary to further study small cell on/off mechanism in addition to NCT for SCE scenarios.
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	Table A.1 Simulation parameters for small cell deployment

　Parameters
	Scenario #1

	　
	Macro cell
	Small cell

	Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, wrap‑around
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Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	System bandwidth
	10MHz
	10MHz

	Carrier frequency 
	2.0GHz
	2.0GHz

	Carrier number
	1
	1

	Total BS TX power (Ptotal per carrier)
	46 dBm
	30 dBm 

	Distance-dependent path loss
	ITU UMa [referring toTable B.1.2.1-1 in TR36.814], with 3D distance between an eNB and a UE applied
	ITU Umi [referring toTable B.1.2.1-1 in TR36.814] with 3D distance between an eNB and a UE applied

	Penetration
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ] for each link)


	Shadowing
	ITU UMa according to Table A.1-1 of 36.819
	ITU UMi [referring to Table B.1.2.1-1 in TR36.814]

	Antenna pattern
	3D,  referring to TR36.819
	2D Omni-directional is baseline; directional  antenna is not precluded

	Antenna Height: 
	25m
	10m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi 
	5 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa according to Table A.1-1 of 36.819
	 ITU UMi

	Antenna configuration
	2Tx2Rx in DL, 1Tx2Rx in UL,  Cross-polarized

	Number of clusters/buildings per macro cell geographical area
	4

	Number of small cells per cluster
	5

	Number of small cells per Macro cell
	4*Number of clusters per macro cell geographical area

	Number of UEs 
	60 UEs 

	UE dropping
	Baseline: 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UE randomly and uniformly dropped throughout the macro geographical area. 80% UE indoor, 20% UE outdoor. 

	Macro ABS Ratio
	25%

	Radius for small cell dropping in a cluster
	50m 

	Radius for UE dropping in a cluster
	60m

	Cell selection criteria
	RSRP for intra-frequency, with 9 dB CRE bias

	Minimum distance (2D distance)
	Small cell-small cell: 20m

	
	Small cell-UE: 5m

	
	Macro –small cell cluster center: 95m

	
	Macro – UE : 35m

	
	cluster center-cluster center: 90m

	　Parameters
	Scenario #2a

	　
	Macro cell
	Small cell

	Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, wrap‑around
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Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	System bandwidth
	10MHz
	10MHz

	Carrier frequency 
	2.0GHz
	3.5GHz

	Carrier number
	1
	1

	Total BS TX power (Ptotal per carrier)
	46 dBm
	30 dBm 

	Distance-dependent path loss
	ITU UMa [referring toTable B.1.2.1-1 in TR36.814], with 3D distance between an eNB and a UE applied
	ITU Umi [referring toTable B.1.2.1-1 in TR36.814] with 3D distance between an eNB and a UE applied

	Penetration
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ] for each link)


	Shadowing
	ITU UMa according to Table A.1-1 of 36.819
	ITU UMi [referring to Table B.1.2.1-1 in TR36.814]

	Antenna pattern
	3D,  referring to TR36.819
	2D Omni-directional is baseline; directional  antenna is not precluded

	Antenna Height: 
	25m
	10m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi 
	5 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa according to Table A.1-1 of 36.819
	 ITU UMi

	Antenna configuration
	2Tx2Rx in DL, 1Tx2Rx in UL,  Cross-polarized

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per cluster
	10

	Number of small cells per Macro cell
	1*Number of clusters per macro cell geographical area

	Number of UEs 
	30 UEs 

	UE dropping
	Baseline: 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UE randomly and uniformly dropped throughout the macro geographical area. 80% UE indoor, 20% UE outdoor. 

	Radius for small cell dropping in a cluster
	50m 

	Radius for UE dropping in a cluster
	60m

	Cell selection criteria
	RSRQ for inter-frequency, with 3 dB CRE bias

	Minimum distance (2D distance)
	Small cell-small cell: 20m

	
	Small cell-UE: 5m

	
	Macro –small cell cluster center: 95m

	
	Macro – UE : 35m

	
	cluster center-cluster center: 90m
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