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1. Introduction
In clustered small cell scenarios, as those outlined in [1], there is substantial interference between the small cell nodes of a cluster/hotzone. Interference coordination mechanisms between small cell nodes are therefore relevant in these scenarios. In 3GPP RAN1 Meeting #72, the following interference coordination schemes were highlighted for further study,
· small cell DTX

· carrier selection

· eICIC (possibly with enhancements)

· downlink power adaptation

· cell selection enhancements

Herein, we focus on small cell DTX and provide performance potential evaluation results demonstrating potential gains of 30-45%. The full performance gain potential can however not be realized in practice, since the dynamic timescale a node/carrier (or rather the CRS of the node) can be turned off cannot fully follow on/off nature of PDSCH transmissions, but must persist to support e.g., robust handover to and from the node. 
2. Discussion
As is further discussed in [2], to effectively conserve energy in a small cell node, it should be de-activated for a longer duration of time (preferable seconds or tenths of seconds). Small cell DTX is therefore not a primary candidate for improved energy efficiency in the small cell layer. Rather, as is observed below the main merit of small cell DTX is to mitigate the CRS interference pollution, which is shown to severely limit the performance of the PDSCH. 

However, operation of small cell DTX poses challenging questions such as:

What are the implications on mobility of IDLE mode UEs in the presence of carriers employing small cell DTX?

Can an ACTIVE mode UE camp on a carrier deploying small cell DTX?

If yes, the performance potential of small cell DTX will be substantially decreased, because it the number of active mode UEs is substantially larger than the number of UEs with data in the buffers to receive. Thereby, the CRS will be transmitted by a larger fraction of the nodes.

If no, there will be a non-negligible setup time before a UE can receive data on the carrier with small cell DTX—essentially a full random access procedure needs to be initiated.

Observations:
· The main motivation for small cell DTX is to mitigate CRS interference, not for improved energy efficiency

· Small cell DTX poses challenging problems for mobility

· A new carrier type will provide superior performance over small cell DTX, with robust mobility behavior, removed CRS interference and reduced CRS overhead

Based on these observations and the below demonstrated performance potential, we propose to further study small cell DTX, and primarily focus our efforts on how to resolve mobility, idle mode UEs, realizable time scales for which a node can be turned off/on.

Proposal:

· Study the performance benefits of small cell DTX further

· Taking realistic on-off time constants into account

· Modelling of the impact of the time duration from which data is available for a UE until the data can be received on the carrier with small cell DTX. 
3. Performance Potential Evaluation of Small Cell DTX
To assess the upper bound performance of small cell DTX, we performed system level evaluation in accordance with the agreed simulation assumptions [2]. As mentioned above, an idealized scheme of small cell DTX was considered where
· Broadcast control and RS signals of a node were only transmitted in subframe when PDSCH was transmitted from the node.

· DTX was only applied on the small cells nodes, not the macro nodes.

That is; whenever a small cell node has no PDSCH transmissions, it is completely silent. Therefore the results should be considered as a strict upper bound on the PDSCH performance of small cell DTX, a bound which cannot be robustly realized in practical systems. The evaluations do however clearly show that CRS interference severely degrade the performance of the PDSCH. 
Observation:

· CRS interference severely degrades the performance of the PDSCH in the considered small cell scenarios.
It is seen below that removing the CRS interference from small cell nodes not transmitting a PDSCH results in a substantial performance gain in both Scenario 1 and 2a. The gain in median (mean) user throughput achieved with the idealized small cell DTX is in the order of 30-45% (25-45%), in both of the considered scenarios. 

Observation

· The gain in median (mean) user throughput achieved with the idealized small cell DTX is in the order of 30-45% (25-45%), in both of the considered scenarios.
3.1. Evaluation for Scenario 1
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(a) User throughput (percentiles), total
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Figure 1 – Evaluation of performance potential of small cell DTX in Scenario 1. A dotted line indicates that the load point is unstable (i.e., the traffic cannot be served)
3.2. Evaluation for Scenario 2a
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Figure 2 – Evaluation of performance potential of small cell DTX in Scenario 2a. A dotted line indicates that the load point is unstable (i.e., the traffic cannot be served)
4. Conclusions
Herein we discussed the performance potential of small cell DTX as well as some challenges that such operation poses on, for example, mobility of IDLE and ACTIVE mode UEs.

Observations:

· The main motivation for small cell DTX is to mitigate CRS interference, not for improved energy efficiency

· Small cell DTX poses challenging problems for mobility

· A new carrier type will provide superior performance over small cell DTX, with robust mobility behavior, removed CRS interference and reduced CRS overhead

· CRS interference severely degrades the performance of the PDSCH in the considered small cell scenarios.

· The gain in median (mean) user throughput achieved with the idealized small cell DTX is in the order of 30-45% (25-45%), in both of the considered scenarios.
Proposal:

· Study the performance benefits of small cell DTX further

· Taking realistic on-off time constants into account

· Modelling of the impact of the time duration from which data is available for a UE until the data can be received on the carrier with small cell DTX. 
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