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1 Introduction
In the RAN1 #73 meeting, performance evaluations of small cell on/off were discussed and the following were concluded:

· 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 idealised dynamic (i.e., subframe-level) small cell on/off is assumed and with low/medium load 

· Lower gains are also observed with FTP model 3 when semi-static adaptation is assumed
· Gains are due to reduced interference from CRS and common control channels

· FFS performance benefits with feasible time scale

In this contribution, further evaluation results will be provided and the gains due to semi-static adaptation and feasible time scale transitions will be clarified.
2 Simulation methodology
Given RAN1 #73 conclusions on small cell on/off performance evaluations, further conclusions may need to be reached for semi-static on/off and on/off with feasible transition time scales. Thus the following semi-static on/off schemes are considered:

a) Scheme 1: Semi-static on/off scheme based on traffic load

In this case, a turned-off small cell may be turned on if the traffic load in a neighbourhood of the cell (including the cell itself) increases to a certain level. Conversely, a turned-on small cell may be turned off if the traffic load in a neighbourhood of the cell decreases to a certain level.

In the evaluations of Scheme 1, a percentage of small cells (e.g. 20%, 40%) are turned off, and any UE arriving to the network cannot select the turned-off small cell. The UE dropping and UE-cell associations are done independent of the small cell turning off. The on/off decision is fixed throughout the simulation.
b) Scheme 2: Semi-static on/off scheme based on UE-cell association

In this case, a turned-on small cell may be turned off if there is no UE associated to it, and a turned-off small cell may be turned on if the network decides a UE to be associated to it. The UE-cell association may be decided by the network taking into account of UE measurements (e.g. discovery measurements) and load balancing/shifting considerations.

In the evaluations of Scheme 2, after the UEs are dropped and UE-cell associations are performed, any small cell without attached UEs is turned off. The on/off decision is fixed throughout the simulation.
c) Scheme 3: Semi-static on/off scheme based on packet call arrival/completion

In this case, a turned-off small cell may be turned on if a packet call arrives and needs to be transmitted, and the cell may be turned off after the packet call is completed. 
In the evaluations of Scheme 3, any arriving packet call can immediately use a turned-on small cell, but it has to wait if the cell is turned off or the cell is during the transition from off to on. The transition from off to on takes a fixed amount of time, e.g. 20ms, 40ms, and 80ms; note that to achieve these transition durations generally enhancements are needed. After its packet call is completed, the small cell may transition from on to off, which may take a fixed amount of time such as 20ms, 40ms or 50ms. During transition durations, common control channels and CRS are transmitted, as well as other necessary signals and channels.
Finally, NCT with reduced CRS (RCRS) performance will also be included for comparison. In the NCT scheme, a cell transmits RCRS in only one out five subframes, and it may transmit nothing on other subframes unless there is data to be transmitted.
To summarize, the following schemes are to be evaluated and compared. Other simulation assumptions are listed in the appendix. Evaluations are to be done based on updated assumptions in [1] unless otherwise specified.
Table 1. Simulation assumptions
	Baseline
	All the small cells are always turned on

	Scheme 1 - x
	x% ratio of small cells are turned off before the UE-cell selection (x = 20, 40)

	Scheme 2
	After UE-cell selection, turn off the small cells without any UE

	Scheme 3 - (y,z)
	A small cell remains off until a packet call arrives, and remains on for any ongoing packet call. Off2on transition time y (=20,40,80ms), on2off transition time z (=20,40,50 ms)

	NCT
	With reduced CRS


3 Simulation results 
Figure 1 shows the UPT gains of Scheme 1 over the baseline scheme, with low or medium traffic loads, and with turning off of 20% or 40% of the small cells.
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Figure 1: UPT gains of Scheme 1 over baseline, with low/medium traffic loads
Figure 2 shows the UPT gains of Scheme 2 over baseline scheme, with a fixed network traffic load but different UEs per macro area (30UEs/macro or 15UEs/macro, in the latter case UEs are sparsely distributed). 
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Figure 2: UPT gains of Scheme 2 over baseline, with normal/sparse UE distributions
Figure 3 compares the UPT gains of Scheme 3 and NCT scheme, both of which are assumed to transmit nothing unless if no data transmission is needed (except for the transition durations in Scheme 3 and the RCRS subframes in NCT).
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Figure 3: UPT gains of Scheme 3 and NCT over baseline
Observations:
· Semi-static on/off scheme based on traffic load can provide moderate (5%~10%) UPT gains over baseline with low/medium load.

· Semi-static on/off scheme based on UE-cell association can provide moderate to significant (10%~55%) UPT gains over baseline, and the gains are higher in cases with sparse UE distributions.
· Semi-static on/off scheme based on packet call arrival/completion can provide moderate to significant (10%~50%) UPT gains over baseline with low/medium load if the on/off transition is shortened to less than 100ms levels. The shorter the transitions, the higher the gains.
· NCT with RCRS can provide significant (70%~80%) UPT gains over baseline.
Then we have the proposal:

Proposal: Conclude small cell on/off throughput benefits in the TR based on the throughput gain summary in RAN1 #73 Chairman Notes, with further conclusion that semi-static on/off schemes provide moderate to significant throughput gains with low/medium load. Enhancements to reduce feasible time scales of transitions are beneficial to throughput performance.
4 Conclusion
In this contribution, further evaluations with respect to the small cell on/off under the assumptions in [1] are performed. The observations are 

Observations:
· Semi-static on/off scheme based on traffic load can provide moderate (5%~10%) UPT gains over baseline with low/medium load.

· Semi-static on/off scheme based on UE-cell association can provide moderate to significant (10%~55%) UPT gains over baseline, and the gains are higher in cases with sparse UE distributions.
· Semi-static on/off scheme based on packet call arrival/completion can provide moderate to significant (10%~50%) UPT gains over baseline with low/medium load if the on/off transition is shortened to less than 100ms levels. The shorter the transitions, the higher the gains.
· NCT with RCRS can provide significant (70%~80%) UPT gains over baseline.
Then we have the proposal:

Proposal: Conclude small cell on/off throughput benefits in the TR based on the throughput gain summary in RAN1 #73 Chairman Notes, with further conclusion that semi-static on/off schemes provide moderate to significant throughput gains with low/medium load. Enhancements to reduce feasible time scales of transitions are beneficial to throughput performance.
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Appendix 
Table 2. Simulation assumptions
	Layout
	Scenario #2a
Macro 7*3
Small cell: Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	System bandwidth per carrier
	Macro: 10MHz, small cell:10MHz

	Carrier frequency 
	Macro: 2.0GHz, small cell: 3.5GHz

	Carrier number
	Macro: 1, small cell: 1 (in on/off adaptation simulations) or 2 (in carrier selection simulations)

	Total BS TX power (Ptotal per carrier)
	Macro: 46dBm, small cell: 30dBm

	Antenna configuration
	2Tx2Rx

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per cluster
	10

	Number of UEs 
	30 (or 15) UEs per macro sector area

	Traffic model
	FTP model 3 for Small cell on/off, and FTP model 1 for NCT

	UE dropping
	Baseline: 1/3 UEs per macro cell, randomly and uniformly dropped in macro geographical area, 2/3 UEs randomly and uniformly dropped within the clusters. 

	CRS overhead
	2 CRS ports without small cell ID planning


