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1 Introduction

One important focus area for the small cell enhancements study item in Rel-12 is performance improvement through interference mitigation and traffic adaptation techniques [1]. A diverse set of potential techniques are under consideration, including:

· small cell on/off (DTX)
· load balancing mechanisms
· ICIC enhancements
· UL/DL power adaptation

· Coordinated scheduling/beamforming
During RAN1#73 the following conclusions were made regarding small cell on/off operation:

Conclusions:

Performance observations from the results presented to this meeting (not yet for TR):

· 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

· 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: FFS (related to RAN2 Het-Net mobility study and RAN2 small cell study)

· Energy consumption: reduction of energy consumption is expected

Note: Simulation assumptions for S-NCT should be harmonised with the assumptions for small-cell dynamic on/off under SCE study. 

This contribution presents evaluation results on the potential gain of candidate mechanisms for small cell on/off operation in various small cell deployment scenarios. 
2 Evaluation results
The main cited potential benefit of dynamic small cell on/off operation is to reduce interference in a dense deployment where multiple small cells at a given time may not be actively serving any users. However, these non-active cells will continue transmitting control channels and CRS, potentially causing interference in active cells. 

Dynamic subframe-level on/off
One approach to mitigating the interference from non-active cells is dynamically (at a subframe level) turning the CRS on or off depending on whether or not the cell has data to transmit in that subframe. This mechanism can be seen as an ideal upper-bound on the achievable performance since in practice CRS is needed for cell detection and other RRM measurements in addition to PDCCH/PDSCH demodulation [2]. Additional sets of results for this approach for different scenarios can be found in [3]-[5], which also consider the impact of realistic delay in implementing a dynamic on/off mechanism.
NCT as an on/off mechanism
Parallels to discussions on the introduction of a new carrier type (NCT) have also been drawn to dynamic small cell on/off operation since some stated benefits of a NCT include reducing the impact of RS interference and overhead since only 1 CRS port would be transmitted every 5ms [6]. A comprehensive set of evaluation results comparing a standalone NCT (S-NCT) and a backwards compatible carrier type (BCT) can be found in [7].
This contribution focuses on a comparison of the above two techniques against a baseline of a BCT with 2 CRS ports configured and a MBSFN subframe configuration of 6 MBSFN subframes per radio frame, which is an existing mechanism for reducing CRS interference from neighboring cells. Common simulation assumptions based on [6] are given in Table 1.
Table 1: System-level simulation assumptions.
	Parameters
	Assumptions

	Scenario
	Scenario #2a

	Number of macro sites
	7

	System bandwidth per carrier
	10 MHz

	Small cell Tx Power
	30 dBm

	Number of clusters per macro cell geographical area
	1

	Number of small cells per cluster
	4, 10

	Traffic model
	FTP Model 1

	MBSFN Configuration
	6 MBSFN subframes per frame

	CRS configuration assumptions
	BCT: 2 ports in 4/10 non-MBSFN subframes

Dynamic on/off: CRS only transmitted in subframes with scheduled PDSCH
S-NCT: 1 port in subframes 0 and 5
Random CRS shift in all scenarios


2.1 Dynamic subframe-level on/off

In this section we compare the relative user throughput performance of ideal dynamic subframe-level on/off operation where CRS is not transmitted unless an active user has data scheduled. A moderate traffic load is considered such that the highest layer has a RU = 40%.
Figures 1 and 2 below shows the relative gain over the baseline scenario for the 5th, 50th, and 95th user throughput percentiles for the cases of 4 and 10 small cells per cluster respectively.
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Figure 1: Dynamic on/off gain for small cell UEs relative to a BCT in Scenario #2a, 4 small cells/cluster with 6 MBSFN subframes, and random CRS offsets.
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Figure 2: Dynamic on/off gain for small cell UEs relative to a BCT in Scenario #2a, 10 small cells/cluster with 6 MBSFN subframes, and random CRS offsets.

In the case of dynamic on/off operation, gains from the removal of all CRS interference range from < 2% in the case of 4 small cells per cluster to 3.5-6% for 10 small cells per cluster. Users with peak throughput have gains which are ~1-2.5% lower than users at the cell edge.
It is intuitive that the gains from dynamic on/off operation are larger in the more dense deployment due to the increased CRS interference, however the relative gain is observed to not increase linearly with the deployment density. Several contributing reasons for this include that as the cluster become denser, the relative geometry of users to the serving cell improves and the increased interference is mitigated by exponential pathloss, minimum distance considerations, and adaptive modulation and coding which scales roughly with the log of the SINR.

Observation 1: The gains of dynamic on/off transmission of CRS in unscheduled subframes compared to a BCT with random CRS offset and 6 MBSFN subframes per frame configured range between <2% and 6% in Scenario #2a depending on the deployment density. 

2.2 Standalone NCT
Figures 3 and 4 show the relative gain of utilizing an S-NCT over a BCT for the same moderate traffic load of 40% RU on the small cell layer with 4 and 10 small cells per cluster respectively. In all subsequent results in this section, DL control and RS overhead differences between a BCT and an S-NCT are not accounted for, only CRS interference reduction. This is further analyzed in [7-8].
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Figure 3: S-NCT gain for small cell UEs relative to a BCT in Scenario #2a, 4 small cells/cluster with 6 MBSFN subframes, and random CRS offsets.
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Figure 4: S-NCT gain for small cell UEs relative to a BCT in Scenario #2a, 10 small cells/cluster with 6 MBSFN subframes, and random CRS offsets.

Similar relative gain compared to the case of 6 MBSFN subframes is observed due to the reduction in interference with the reduced CRS pattern assumed for NCT. However, the gain is slightly reduced compared to the dynamic on/off operation since some REs in subframes 0 and 5 still contain 1-port RS. 

Observation2: When only RS interference is considered, the gains of S-NCT with 1-port CRS every 5ms compared to a BCT with random CRS offset and 6 MBSFN subframes per frame configured are ~.5-2% reduced compared to dynamic on/off operation in Scenario #2a depending on the deployment density. 

2.3 Design Considerations
The results in the previous sections indicate that MBSFN subframe configuration can provide a significant amount of CRS interference reduction and the two considered mechanisms provide a relatively small performance improvement. 

However, as noted in the introduction, both dynamic on/off and NCT are non-backwards compatible options for mitigating CRS interference in dense small cell deployments. As mentioned in the introduction, the results presented here for dynamic on/off are idealized and do not consider some of the practical delays and necessary specification enhancements to facilitate measurement and user association mechanisms. In the case of NCT, careful consideration of control overhead assumptions may negate any potential interference reduction gains [7-8]. 

Proposal: When evaluating the benefits of the introduction of small cell on/off techniques, practical considerations of feasible overhead and delay should be taken into account in addition to the relative level of potential CRS interference reduction compared to existing interference mechanisms.
3 Conclusion
This contribution provided performance evaluations of the relative CRS interference reduction provided by ideal subframe-level dynamic on/off operation and an S-NCT in small cell Scenario #2a. The following observations and proposal were made: 
Observation 1: The gains of dynamic on/off transmission of CRS in unscheduled subframes compared to a BCT with random CRS offset and 6 MBSFN subframes per frame configured range between <2% and 6% in Scenario #2a depending on the deployment density. 

Observation2: When only RS interference is considered, the gains of S-NCT with 1-port CRS every 5ms compared to a BCT with random CRS offset and 6 MBSFN subframes per frame configured are ~.5-2% reduced compared to dynamic on/off operation in Scenario #2a depending on the deployment density. 

Proposal: When evaluating the benefits of the introduction of small cell on/off techniques, practical considerations of feasible overhead and delay should be taken into account in addition to the relative level of potential CRS interference reduction compared to existing interference mechanisms.
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