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1 Introduction
In RAN plenary meeting #62, the agreed WID [1] for Small cell enhancement – Physical layer aspects reads:

· Efficient operation with reduced transition time of small cell on/off in single-carrier or multi-carrier operation, with enhanced discovery of small cells

· Can use existing handover, CA activation/deactivation, dual connectivity (if supported) procedures. New L1 procedure for activated Scell operating on/off can further reduce transition time depending on the detailed solutions

· Discovery procedure/signal(s) are needed

· Cells operating a cell on/off may transmit discovery signal(s) supporting at least for cell identification, coarse time/frequency synchronization, intra-/inter- frequency RRM measurement of cells and QCL. (Note that QCL is not always necessary or possible depending on the procedure.)
· This includes support of discovery and measurement enhancement(s) in DL and its usage in related procedures.
During the study item on small cell enhancements, it was observed that performance gain is generally larger with shorter transition times [2][3]. In [4], we discuss a couple of candidate small cells on/off schemes that are designed to provide transition times in the order of 10ms or less which is lower than the SCell activation/deactivation times. In this contribution, we present the performance of these schemes and perform a qualitative comparison among them with respect to the performance gain of each on/off procedure. The evaluations are performed for different cases to provide a thorough understanding on the behaviour of these schemes, which is necessary for reaching an agreement on a scheme in the context of the new L1 procedures on an activated SCell cited in the WID.
2 Discussion
In general, the on/off schemes discussed in [4] are based on implicit or explicit signalling to the UE of the current or future cell state. The on/off mechanism based on implicit signalling described in [4] is referred to here as Scheme A for convenience and shown in Figure 1. In this scheme, the UE detects the status of the SCell in any subframe by trying to detect the CRS that will be transmitted in any subframe that is on.
The two on/off mechanisms considered based on explicit signalling on the PCell can be characterised by the parameters Tp and Td where Tp denotes the signalling periodicity while Td denotes the signalling delay. In one solution, referred to here as Scheme B for simplicity, the explicit signalling conveys the status of SCell being on or off Td ms after signalling for a period on Tp ms. In other words Tp determines the on/off granularity. An example is shown in Figure 2 for Scheme B with  (Tp,Td)=(5,2) ms. In the other solution with  explicit signalling on the PCell, the number of subframes frames that will be on in the upcoming period of Tp ms on the SCell is provided in the signalling. The signalling occurs periodically on PCell every Tp ms with Td ms delay towards the beginning of the next period of Tp ms . This scheme for simplicity is referred to here as Scheme C where an example for (Tp,Td)=(10,2) ms is illustrated in Figure 3. For the performance evaluation, the following schemes are considered: 
· Scheme A

· Scheme B (Tp,Td)=(5,2) ms

· Scheme C (Tp,Td)=(10,2) ms

· Scheme C (Tp,Td)=(10,4) ms


[image: image1.emf]n-1 Frame n-2

SCell

PCell

n n+1

Cross-carrier 

scheduling (not 

mandatory)

On subframes 

Discovery burst

On subframes without 

data with RS (CRS etc.) 


Figure 1: Scheme A - Implicit signalling with CRS detection on SCell [4] 
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Figure 2: Scheme B with (Tp,Td) = (5,2) ms - Explicit signalling on PCell with indication of SCell ON half frames 2 ms in advance [4]
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Figure 3: Scheme C with (Tp,Td)=(10,2) ms - Explicit signalling on PCell with indication of number of ON subframes on SCell 2 ms in advance [4]
In all the on/off schemes, an activated SCell is configured to transmit a discovery burst only once every 40 ms and UEs connected to the cell are configured with CSI-RS for CSI feedback that occur once every 10 ms i.e. higher periodicity than the discovery burst. However CSI-RS for CSI feedback are aligned with the discovery burst so that they appear in the discovery burst when they coincide [6]. We assume that realistic CSI feedback is available every 10 ms for all the on/off schemes. This is a valid assumption for Scheme A but can be an optimistic simplified assumption for Scheme B and Scheme C where eNB may not be updated with new CSI feedback due to the SCell being off. In that case the eNB can use outdated CSI feedback or a conservative MCS for scheduling. 
Furthermore, we presume that RRM measurements and time and frequency tracking are already enabled by the discovery signal. Scenario 2a, using RSRQ based cell selection with CSO=0dB, is considered for the evaluations where, in the macro layer, planned cell IDs are assumed such that the CRS collision among the sectors in each macro site is avoided. On the other hand for the small cells,  Random CRS shift is considered. The detailed simulation assumptions are provided in the Appendix.
Among the on/off schemes discussed here, Scheme C with (Tp,Td)=(10,4) ms results in the longest transition time and consequently inferior performance as compared to the other schemes. Hence with the objective of providing a guideline to decide on an on/off mechanism motivated by the achievable gains, the on/off schemes A, B and C with (Tp,Td)=(10,2)ms discussed here are compared to Scheme C with (Tp,Td)=(10,4)ms by showing their corresponding relative gains in the mean user throughput over Scheme C with (Tp,Td)=(10,4)ms in Table 1 for 0.1 and 0.5 Mbytes FTP packet sizes, for TM10 and 4 picos per cluster. From the quantitative comparison point of view the following can be observed: 
Observations:
· The on/off gain increases as the on/off granularity increases and signaling delay decreases which results in a lower transition time.

· The maximum gain is provided by the fast on/off with implicit signaling which is capable of operating with the lowest transition times.

· Decreasing the signaling delay from 4ms to only 2ms in on/off solutions based on explicit signaling (Scheme C) provides some gains in order of 3-6%.
· Increasing the granularity to 5ms on/off rather than 10ms on/off in solutions based on explicit signaling (Schemes B and C) enhances the performance additionally and gains in order of 2-16% depending on the load and the traffic packet size are observed.

· Fast on/off with implicit signaling (Scheme A) is capable of significantly improving the mean user throughput by 35-40% for short packets and different loads as compared to other on/off schemes. Increasing the packet size reduces the gain but still gains in order of 11-15% are obtained.

We would like to mention that if TM10 is configured with MBSFN subframes the performance gain of on/off schemes will be lower but as our previous investigations have shown [3], Scheme A will still provide considerable performance gains. Furthermore, TM4 based transmission scheme can also be expected to enjoy the performance enhancement offered by on/off with gains similar to TM10.
In general, the results show the importance of minimizing the transition time in on/off schemes as much as possible (as in Scheme A), since the gains achievable by reducing the transition times from Schemes B and C to Scheme A are quite significant. Therefore we propose:
Proposal:
· On/off enabled by autonomous cell on/off state detection by the UE, which results in the shortest transition time and hence provides maximum performance gain, is the best candidate for the new L1 procedure for small cell on/off to be introduced in Rel-12 specifications.
Table 1: Gain (%) in the mean user throughput by small cell on/off Scheme A, Scheme B (5,2) ms and Scheme C(10,2) ms over on/off Scheme C(10,4) ms for various traffic loads given by the resource utilization in the most loaded layer for Scheme C(10,4) ms for Scenario 2a, CSO=0dB, Random CRS shift, 4 small cells per cluster, TM10 and 0.1 Mb as well as 0.5 Mb FTP packets.

	FTP packet size
	0.1 Mb
	0.5 Mb

	Resource Utilization [%]
	20
	40
	60
	20
	40
	60

	Small cell on/off schemes
	Scheme A
	39
	40
	35
	11
	11
	15

	
	Scheme B (5,2)ms
	16
	12
	7
	4
	2
	8

	
	Scheme C (10,2)ms
	6
	5
	3
	3
	0
	4


3 Conclusion

Some solutions were presented for reducing the transition time of small cell on/off when using the new L1 procedures discussed in [4]. In this contribution, we evaluated the performance of these schemes and provided the corresponding gains realized by on/off in the user throughput, compared to the case corresponding to operating on/off with the longest transition time among the considered solutions. Finally we made the following observations and proposal accordingly.
Observations:

· The on/off gain increases as the on/off granularity increases and signaling delay decreases which results in a lower transition time.

· The maximum gain is provided by the fast on/off with implicit signaling which is capable of operating with the lowest transition times.

· Decreasing the signaling delay from 4ms to only 2ms in on/off solutions based on explicit signaling (Scheme C) provides some gains in order of 3-6%.
· Increasing the granularity to 5ms on/off rather than 10ms on/off in solutions based on explicit signaling (Schemes B and C) enhances the performance additionally and gains in order of 2-16% depending on the load and the traffic packet size are observed.

· Fast on/off with implicit signaling (Scheme A) is capable of significantly improving the mean user throughput by 35-40% for short packets and different loads as compared to other on/off schemes. Increasing the packet size reduces the gain but still gains in order of 11-15% are obtained.

Proposal:
· On/off enabled by autonomous cell on/off state detection by the UE, which results in the shortest transition time and hence provides maximum performance gain, is the best candidate for the new L1 procedure for small cell on/off to be introduced in Rel-12 specifications.
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5 Appendix
	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 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

	Traffic model
	FTP Model 1as in TR 36.814, 0.1 and 0.5 Mbytes file size

	Carrier type
	Rel-11 with TM 10

	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
	10 ms between two consecutive reports, 6ms delay

	Discovery burst periodicity
	40 ms

	CSI-RS feedback periodicity
	10 ms

	Channel estimation
	Realistic MMSE-IRC

	Link adaptation
	Realistic
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