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1 Introduction
Small cell on/off operation was further discussed at RAN1 #74bis. During the meeting a few conclusions were reached concerning small cell on/off and the related feature of discovery signal as the following:

Conclusion:

1. Dormant mode based on current existing RAN3 mechanism is the starting point for possible enhancement related to small cell semi-static on/off

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

In this contribution we evaluated the gains of different small cell on/off operational modes with the assumption that RRM, RLM and time and frequency tracking are already provided by e.g. the discovery signal. The small cell operational modes are further discussed in [1]. Analyzing the achieved gain by small cell on/off in different operational modes is critical to identify the ones with promising performance gains. This knowledge helps to form a constructive view on the properties that the discovery signal should support to realize such gains.

2 Discussion

The small cell on/off operational modes considered for system level evaluations are discussed in details in [1]. The critical parameters that distinguish different operational modes are the off-to-on and on-to-off transition times, denoted by t1 and t2, respectively. As discussed in [1] the following schemes are considered for the system performance evaluations comparison:

· No small cell on/off

· Small cell on/off based on HO with 90 ms off-to-on and 90 ms on-to-off, i.e. (t1,t2)=(90,90) ms

· Small cell on/off as an SCell by activation/deactivation with 24 ms off-to-on and 8 ms on-to-off, i.e. (t1,t2)=(24,8) ms

· Small cell on/off on the serving cell with 0 ms off-to-on and 0 ms on-to-off, i.e. (t1,t2)=(0,0) ms

Scenario 2a using RSRQ based cell selection with CSO=0dB is considered for the evaluations. In the macro layer, planned cell IDs are assumed such that the CRS collision among the sectors in each macro site is avoided. For the small cells, both random CRS shift and sector aligned CRS shift are considered where in the latter approach the small cell IDs are assigned to guarantee the same CRS shift for small cells within a cluster and their corresponding sector. Further details of the simulation assumptions are provided in the section 5.1 of Appendix.

It should be noted in the evaluations that the transition times above are purely given from the network perspective, i.e. if the cell is previously on we assume no transmission time for the UE. Consequently the results provided here are optimistic for the performance for the HO and Scell activation/deactivation scheme.

Focusing on possible enhancements on the small cells layer, the gains in the mean user throughput achieved by different small cell operational modes over the scheme without small cell on/off are provided in Table 1 and Table 2 for 4 and 10 small cells per cluster, respectively. Moreover the exact evaluations results used for these tables entries are provided in the section 5.2 of Appendix.

Table 1: Gain[%] in the mean user throughput  by different small cell on/off operational modes over No small cell on/off for various traffic loads given by the resource utilization in the most loaded layer for No small cell on/off for Scenario 2a, CSO=0dB, Random CRS shift and 4 and 10 small cells per cluster

	CRS shift at SC layer
	Random

	#Small cells per cluster
	4
	10

	Resource Utilization
	20%
	40%
	60%
	20%
	40%
	60%

	Small cells On/Off operational modes
	(t1,t2)=(90,90) ms
	-29%
	-29%
	-32%
	-22%
	-30%
	-25%

	
	(t1,t2)=(24,8) ms
	-5%
	-5%
	-5%
	5%
	5%
	7%

	
	(t1,t2)=(0,0) ms
	15%
	20%
	16%
	29%
	30%
	37%


Table 2: Gain[%] in the mean user throughput  by different small cell on/off operational modes over No small cell on/off for various traffic loads given by the resource utilization in the most loaded layer for No small cell on/off for Scenario 2a, CSO=0dB, Sector aligned CRS shift and 4 and 10 small cells per cluster

	CRS shift at SC layer
	Sector aligned

	#Small cells per cluster
	4
	10

	Resource Utilization
	20%
	40%
	60%
	20%
	40%
	60%

	Small cell On/Off operational modes
	(t1,t2)=(90,90) ms
	-35%
	-36%
	-34%
	-35%
	-38%
	-41%

	
	(t1,t2)=(24,8) ms
	-14%
	-14%
	-10%
	-12%
	-12%
	-15%

	
	(t1,t2)=(0,0) ms
	8%
	6%
	12%
	12%
	11%
	7%


The following observations can be conducted based on the performance evaluation results for different small cell on/off operational modes:
· Observations

· The small cell on/off operation based on HO results in performance loss in all cases.

· The small cell on/off as an SCell by activation/deactivation results in performance loss in all the cases except for random CRS shift and dense clusters.

·  Limited gain in order of 5-7% is observed for 10 small cells per cluster with random CRS shift.
· The small cell on/off on the serving cell shows gains in all cases irrespective of load, cluster densification or effective CRS shift and larger gains are obtained in scenarios with random CRS shift and denser clusters.
· With random CRS shift, gains in order of 15-20% and 29-37% for 4 and 10 small cells per cluster, respectively, are achieved. These gains are somewhat reduced to 6-12%  with sector aligned CRS shift.
The fact that the potential gain by small cell on/off grows as the small layer becomes denser (due to the increased interference in the system) triggers two valid questions as the following:

· Firstly, to what extent should the small cells layer be densified to be considered as a capacity booster layer?

· Secondly, which small cell on/off operational mode can yield additional performance enhancement to justify the dense deployment to being with?

To answer the above questions and understand the trade-off between the increased capacity and interference by network densification, we evaluated the system performance for different number of small cells per cluster, ranging from 1 to 10, without small cell on/off and compared the corresponding performance with the small cell on/off for cases that are previously shown to provide some gains. Those cases as discussed above are small cell on/off on the serving cell and small cell on/off as an SCell for 10 small cells per cluster and Random CRS shift. 

Section 5.2.3 of Appendix provides a performance comparison among all these schemes in terms of mean user throughput.  We can clearly observe that the small cell on/off on the serving cell has the ability to heighten the advantages of small cells layer densification and enhance the system performance as a denser network is deployed. However, such superior performance of small cells on/off as the serving cell cannot be achieved by other schemes. In fact, one can observe that deploying 4 or 7 small cells per cluster can achieve good performance at all loads without any need for small cell on/off as an SCell. In other words, further densification, such as 10 small cells per cluster in the considered scenarios, is not recommended as it leads lower performance. Adding the small cell on/off feature as an SCell activation/deactivation seems to mitigate the damages caused by unnecessary densification and helps the system to operate at a level similar to a less dense network.

These findings are summarized in Table 3 which illustrates the mean user throughput gains achieved by the potentially advantageous small cell on/off operational modes discussed here over the small cell layer operating without on/off but with the best densification factor. The best densification factor yields the maximum mean user throughput for a given resource utilization among all possible examined values i.e. 1, 2, 4, 7 and 10 small cells per cluster.  More precisely the reference scheme is found to be 4, 7 and again 4 small cells per cluster for 20%, 40% and 60% resource utilization without any on/off operation, respectively. 

Table 3: Gain [%] in the mean user throughput by potentially advantageous small cell on/off operational modes over No small cell on/off but with the best small cell layer densification factor for various traffic loads given by the resource utilization in the most loaded layer for No small cell on/off with the best small cell layer densification factor for Scenario 2a, CSO=0dB and Random CRS shift

	CRS shift at small cells layer
	Random

	Resource utilization [%]
	20%
	40%
	60%

	The best #SCs/cluster for small cell operation without on/off (reference scheme)
	4
	7
	4

	SC on/off with (t1,t2)=(24,8)ms and 10 SCs/cluster
	-4%
	1%
	3%

	SC on/off with (t1,t2)=(0,0)ms and 4 SCs/cluster
	14%
	18%
	15%

	SC on/off with (t1,t2)=(0,0)ms and 10 SCs/cluster
	17%
	25%
	32%


Hence based on this investigation we make the following observations:

· Observations

· The extent of small cell densification should be motivated by enhanced capacity.

· The small cell on/off feature is justified only if the obtained additional gains cannot be achieved by less densified networks.
3 Conclusion
In this contribution we have considered several different operational modes of small cell on/off. We note that there are mainly three different operational modes where the small cell on/on can operate with HO, or as an SCell activation/deactivation or on the serving cell. Comparing the performance of these small cells on/off operational modes with the case where no on/off is applied, bring us to the following observations and proposals.

· Observations

· The extent of small cell densification should be motivated by enhanced capacity.

· The small cell on/off feature is justified only if the obtained additional gains cannot be achieved by less densified networks.

· Small cell on/off operation based on HO results in performance losses in all cases even with optimistic evaluation assumptions

· Small cell on/off as an SCell activation/deactivation results in performance losses in most cases and only with marginal gains in the specific scenario of random CRS shift and dense clusters with optimistic evaluation assumptions.

· Small cell on/off on the serving cell shows gains in all cases irrespective of the load, cluster densification or effective CRS shift with larger gains obtained in cases of random CRS shift and denser clusters.
· With random CRS shift, gains in order of 15-20% and 29-37% for 4 and 10 small cells per cluster, respectively, are achieved. These gains are somewhat reduced to 6-12% with sector aligned CRS. 

· Proposal

· The only time scale for small cell on/off that shows sufficient performance increase to motivate it to be specified is the off-to-on and on-to-off transition times of 0 ms, i.e. small cell on/off by the serving cell.
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5 Appendix
5.1 Simulation assumptions

	Parameters
	Value

	Scenario
	SCE Scenario 2a

	Deployment
	7 macro sites with three-sectors and ISD=500m (21 sectors), 1 cluster per macro cell area, 4 or 10 small cells per cluster

	Macro cell TX power 
	46 dBm

	Small cell TX power
	30 dBm

	System
	Downlink FDD

	Bandwidth
	10 MHz available in all nodes

	Network synchronization
	Synchronized

	PCI planning
	Macro cell layer: Planned 

Small cell layer: Random or Sector aligned

	Traffic model
	FTP Model 1as in TR 36.814, 0.5 Mbytes file size

	Carrier type
	BCT (Rel-11 with TM 10 and 6 MBSFN subframes)

	Cell selection
	1 dB uncertainty, RSRQ based cell selection for SCE Scenario 2a (modelling accounts for angle spread and port-to-antenna mapping) 

	Transmission schemes
	Spatial multiplexing, 2 layers, QPSK/16QAM/64QAM

	Scheduling
	Proportional fair

	CSI reporting
	5ms between two consecutive reports, 6ms delay

	Channel estimation
	Realistic MMSE-IRC

	Link adaptation
	Realistic

	MBSFN configuration
	6 MBSFN subframes out of 10


5.2 Detailed simulation results

5.2.1 Additional results for Random CRS shift
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5.2.2 Additional results for Sector aligned CRS shift

[image: image3.emf]0 100 200 300 400 500 600

15

20

25

30

35

40

45

Served traffic [Mbps/km

2

]

Mean user bitrate [Mbps]

Scenario 2a, CS0=0dB, 4SCs/sector: Solid, 10SCs/sector: Dashed

TM10 with 6 MBSFN, Sector aligned CRS shift in SC

 

 

No on/off

(t1,t2)=(24,8)ms

(t1,t2)=(90,90)ms

(t1,t2)=(0,0)ms

[image: image4.emf]0 100 200 300 400 500 600

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

Served traffic [Mbps/km

2

]

Resource utilization at Macro layer

Scenario 2a, CS0=0dB, 4SCs/sector: Solid, 10SCs/sector: Dashed

TM10 with 6 MBSFN, Sector aligned CRS shift in SC

 

 

No on/off

(t1,t2)=(24,8)ms

(t1,t2)=(90,90)ms

(t1,t2)=(0,0)ms


5.2.3 Additional results for small cell layer densification w/o On/Off
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