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1. Introduction
In the RAN #61 meeting, some open issues that RAN1 should study further were listed, including [1]:
· Efficient operation with introduction of features needed to support semi-static small cell on/off mechanisms for interference avoidance and coordination among small cells adapting to varying traffic, including mechanisms to wake up off cells and the necessary measurement and procedure for efficient cell association under small cell on/off., with , focusing on connected mode enhancement 

· Enhanced mechanisms, procedures and measurements to assist adaptation with reduced transition time scales. 
· Efficient small cell discovery procedures with supporting small cell on/off in single-carrier or multi-carrier operation within a short time period, by enhancing the transmission and/or reception of existing SS/RS, including that of PSS/SSS/CRS, CSI-RS, and PRS.
· Note: a small cell can also refer to a component carrier when more than one component carrier is available.
In this contribution, we first discuss detailed legacy/enhanced transition procedures from off to on and on to off of small cell on/off, and then analyse some potential issues during transition procedures. At last, we provide performance evaluations on different time-scales of small cell on/off scheme.
2. Analysis on transition procedures of small cell on/off scheme
2.1 Legacy transition procedures from off to on
Figure 1 illustrates the legacy transition procedures of small cell state from “off” to “on”. The legacy procedures can be performed only rely on existing mechanisms, so it has no impact on specification and no backward compatibility issues for legacy UEs. However, the feasibility and performance of legacy procedures will depend on the following factors such as the coverage of Macro cell, the number of offloaded UEs, long transition time, and backhaul latency, etc. Another issue is that how to identify the best small cell for the offloading UEs [2].

With legacy transition procedures, firstly the Macro/serving cell can decide whether to reactivate the dormant small cell according to its criteria, including traffic load and interference level of neighbouring cells, measurement results of uplink signals, UE association, etc., as shown in step1 and step 2.

Upon receiving adaptation decision (i.e. off or on) and configuration sent by the Macro/serving cell, the dormant small cell updates its configuration and then can be switched from the “off” to “on” state (step 3). After that, the newly reactivated small cell can start transmit downlink channels or reference signals (step 4), e.g. PSS/SSS/CRS, PBCH, etc.

Step 5, 6, and 7 describe the conventional cell search, RRM measurement based on CRS, and handover procedures. Measurement especially inter-freq measurement (960ms in [3]) takes up most of the time scale (1075ms for non-CA UE in [3]).  So how to shorten the measurement time is critical. Then the UE and the newly reactivated small cell can perform normal access procedures (step 8).

After the above steps, then UE and the newly reactivated small cell can carry out normal data transmission operation as illustrated in step 9.
Observation 1: The legacy transition procedures have no impact on specification and no backward compatibility issues for legacy UEs, but require a longer transition time, and also face other problems.
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Figure 1. Legacy transition procedures of small cell state from “off” to “on”
2.2 Enhanced transition procedures
2.2.1 Procedures from off to on

A small cell in dormant state should transmit a DL-SS/RS burst with low duty cycle if small cell on/off mechanisms are supported. For the DL-based solutions, a DL-SS/RS burst with low duty cycle sent by a dormant small cell can help the network to make a quick decision on whether to activate the eNB or not based on the measurement report from RRC_CONNECTED UEs [4].
As a DL-SS/RS burst, PSS/SSS/CRS, CSI-RS, PRS, modified SS/RS or new discovery signal can be considered. At least, the legacy PSS/SSS/CRS can be transmitted from a small cell in active state as usual so that legacy UEs can detect and measure the active small cell.
Figure 2 demonstrates enhanced transition procedures, using a discovery signal i.e. a DL-SS/RS burst.

Different from the legacy procedures, the Macro or serving cell needs to inform the dormant small cell with discovery signal configuration. Then the dormant small cell can transmit the downlink discovery signal with the configuration. It should be noted that the discovery signal pattern needs to be well-designed from the perspective of power saving, interference reduction, and measurement requirement and so on. In our opinion, directly using legacy SS/RS such as PSS/SSS/CRS as discovery signal may not be able to fulfil all the desired properties of a discovery signal. More details about a modified SS/RS or new discovery signal are discussed in our companion contributions [5-6].
UEs in the vicinity of the dormant small cell can detect discovery signal sent by small cell in step 2. Once a UE detects the discovery signal, it can be aware of that there is a small cell which might provide service. Then it will report the detection result to the network. However, in case a UE detects multiple discovery signals of several neighbouring dormant small cells, it may not be wise to turn on all of them at once. Furthermore, the network may not be able to decide which cell to turn on for that UE if relying solely on some 0/1 detection results report by the UE. If the discovery signal can be further used for quality measurement besides for 0/1 detection, the network can make a quick decision on whether to activate a dormant small cell or not based on the measurement report from RRC_CONNECTED UEs and other factors such as traffic load in a neighbourhood of that cell. If the decision is turning on the dormant cell, the network transmits the decision together with configuration parameters to the dormant cell. At the same time, the activation decision is also signalled to UEs.
Upon receiving adaptation decision and configuration sent by the Macro/serving cell, the dormant small cell updates its configuration and then can be switched from the “off” to “on” state (step 7). After that, the newly reactivated small cell can start transmit downlink channels and reference signals (step 8), e.g. PSS/SSS/CRS, discovery signal, PBCH, etc.
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Figure 2. Enhanced transition procedures of small cell state from “off” to “on”
As discussed above, the RRM measurement in legacy procedures takes up most of the transition time (the time before a UE can use a just turned on small cell). This time interval can be reduced with the assistance of initial DS measurement. For example, the Macro/serving cell can configure the UE a short list for RRM measurement based on UE DS measurement report. Since CRS-based measurement (step 9 in Figure 2) acts as a supplementary measurement, it needs shorter time than legacy measurement. Therefore, the transition time of enhanced procedures can be reduced. Here it should be noted that the requirement of DS measurement accuracy can be lower than that of CRS-based measurement.
After normal access process, then UE and the newly reactivated small cell can perform normal data transmission operation as illustrated in the last step of Figure 2.
Observation 2: The discovery signal measurement can help reduce transition time.
Proposal 1: Discovery signals should be used for supporting small cell discovery, selection, and on/off adaptation.
Proposal 2: The requirement of discovery signal measurement accuracy can be lower than that of CRS-based measurement.
2.2.2 Procedures from on to off

The network can make a de-activate decision on a small cell based on interference level of its neighboring cells, traffic load of itself and cells in the vicinity, UE association and so on. For instance, if there is no UE associated to a small cell, or if the number of UEs served by a small cell is small but interference to neighboring cells is large, the network can decide to turn off that small cell. Before the small cell is transitioning to off, the serving UEs would be handed over to neighboring cells.  
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Figure 3. Transition procedures of small cell state from “on” to “off”
2.2.3 Potential impacts during transition procedures

The potential impacts to the system during on/off transition procedures are discussed in this section, including the sudden interference jumps, Ping-Pong effect, etc.
· The sudden interference jumps: 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 Fig.4, small cell 1 that is the newly activated small cell will cause high interference to UE_24 and UE_25 served by small cell 2. Furthermore, during transition process, small cell 1 also causes high interference to UE_11 [7].

· Ping-Pong effect: In addition, the Ping-Pong effect [7] may arise if a UE, e.g. UE_11 in Fig.4 moves back and forth between neighbouring cells. In turn, frequent node on/off will cause high interference fluctuation. Thus, coordination among cells and trigger criteria for small cell on/off switching should be further considered. 
If the newly reactivated small cell transmits the downlink signals or channels with full power just after being turned on, it will cause strong interference i.e. the sudden interference to adjacent cells and UEs in its coverage. Therefore, the initial transmit power for the newly reactivated small cell should be set properly. A trade-off between interference, coverage, user experience can be considered. Afterwards, we can adjust the transmit power gradually according to actual transmission requirements.
In addition, interference coordination may be another efficient mechanism to mitigate the sudden interference jumps and alleviate Ping-Pong effect. In order to reduce interference jumps and fluctuation, adaptation decision, power variation, interference level, traffic load, etc., should be exchanged between the activated cell and its adjacent cells. For example, in step 5 of Figure 2, adaptation decision and configuration also need to be sent to neighbouring cells of the dormant cell (by the Macro/serving cell directly, or by the dormant small cell relay), so as to better carry out interference coordination during transition process (illustrated in Figure 5). 
Proposal 3: The mechanisms such as initial power setting, interference coordination, etc., to mitigate the sudden interference jumps and alleviate Ping-Pong effect should be considered.
 
[image: image4.emf]Macro Cell

UE_11

Small cell 2

UE_21

UE_22

UE_23

UE_24

UE_25

Small cell1


Figure 4. Small cell deployment scenarios
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Figure 5. Information exchange between neighboring cells

3. System simulation results

Figure 6 shows the UPT gains of small cell on/off over the baseline, where all the small cells are always on. The traffic load is chosen to be medium; resource utilization (RU) of the baseline in the macro layer is about 35%. Different on/off delay values are simulated: off to on transition delay is from (20, 40, 80 ms), on to off transition delay is from (20, 40, 50 ms).
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Figure 6. Performance gains of small cell on/off with medium load (baseline M-RU is about 35%)
From the above simulation results we can see when small cell on/off is applied, the mean UE throughput shows an obvious increase for all considered on/off delay values. It is observed that due to turning off small cells, the UEs served by small cells benefit the most since now they will suffer much less interference and hence have better channel condition for improved throughput, which in turn improve the overall average UE throughput in the area. When small cell on/off is applied, the gain of edge UE throughput compared to the baseline is less than that of mean UE throughput. The reason is that most of the UEs served by the macro cell, which happen to be those edge UEs when small cell on/off is applied does not benefit from turning off small cell. In fact, some macro UEs may suffer (e.g., in the case of long on/off delay) due to the increase of resource utilization in the macro cell as a result of small cell on/off.  It may be worth further study to see if other interference coordination methods can be used together with small cell on/off to improve edge UE performance under those conditions.  
From the above simulation results, the gain of semi-static small cell on/off can be observed for various on/off delay values, the shorter delay the better gain.  Therefore, reducing the transition time for small cell on/off will improve system performance further. 
4. Conclusions

In this contribution, we have discussed detailed legacy and enhanced transition procedures of small cell from off to on and on to off, and also presented analysis on some potential issues during transition procedures. The observation and proposals are summarized as follows:
Observation 1: The legacy transition procedures have no impact on specification and no backward compatibility issues for legacy UEs, but require a longer transition time, and also face other problems.

Observation 2: The discovery signal measurement can help reduce transition time.

Proposal 1: Discovery signals should be used for supporting small cell discovery, selection, and on/off adaptation.

Proposal 2: The requirement of discovery signal measurement accuracy can be lower than that of CRS-based measurement.
Proposal 3: The mechanisms such as initial power setting, interference coordination, etc., to mitigate the sudden interference jumps and alleviate Ping-Pong effect should be considered.
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Appendix

	Table A.1 Simulation parameters for small cell deployment
　Parameters
	Scenario #2a

	　
	Macro cell
	Small cell

	Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, wrap‑around
	[image: image1.emf]UE

On/Off

small cell

Macro/

Serving cell

Step 1: Uplink signal transmission (e.g. PRACH)

Step 2: On or off decision & configuration

Step 6: Measurement reports to macro/serving cell

Step 5: Cell search and 

RRM measurement

Step 4: Transmitting DL signals such as PSS/SSS/CRS/PBCH

Step 8: Access procedure

Step 9: Data transmission

Step 3: Updating configuration 

and from "off" to "on"

Step 7: Handover procedure












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 
	30UEs 

	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
	70m

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

	Traffic model
	FTP Model 1

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

	
	Small cell-UE: 5m

	
	Macro –small cell cluster center: 105m

	
	Macro – UE : 35m

	
	cluster center-cluster center: 100m
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