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1 Introduction

A major focus of Rel-12 standardization efforts has been small cell enhancements (SCE). Several features to improve the spectrum efficiency and operational efficiency are being introduced. As the small cell network becomes even denser and the densification trend continues, further enhancements can be considered. In this contribution, we discuss the motivations for LTE further evolution for denser small cells and some potential considerations for enhancements.
2 LTE evolution for denser small cells
2.1 Status of Rel-12 SCE SI/WI
Enhancements for small cell deployments were identified as one of the most important topics in the 3GPP workshop on Rel-12 and onward. A Rel-12 SI/WI “Small cell enhancement – physical layer” was established and dedicated for enhancements for small cell deployments. The SI/WI leads to important standardized features to improve the spectrum/operational efficiency of small cell deployments, wheresmall cell on/off and discovery are considered as the key enhancements for efficient operation of networks with small cell layers. More specifically, semi-static on/off based on existing procedures, such as handover and Scell activation/deactivation, and small cell discovery based on discovery reference signals are supported. Though identified as beneficial in TR 36.872 [1] and further investigated during WI phase, dynamic on/off, which can further reduce transition time to potentially the subframe duration, is not supported in Rel-12, partially due to time limitations.
TR 36.872 [1] also identifies other potentially beneficial features for efficient operation, such as enhanced power control/adaptation, enhancement of eICIC, enhancement of EPDCCH, and load balancing/shifting. However, these aspects were not discussed in the WI stage and not supported in Rel-12.
2.2 Motivations

The motivations for further enhancements of small cell physical layer are as follows.
First, the directions for enhancements identified in TR 36.872 [1] and worked on in Rel-12 should be further progressed. For example, dynamic on/off (especially subframe-level on/off) can be one consideration. As concluded in TR 36.872 [1], to fully exploit the benefits of small cell deployments, further reduction of the small on/off transition times is needed. In other words, instead of requiring the small cell to continuously transmit (e.g., RS) and UE to continuously monitor, opportunistic transmission/reception with significantly shortened time scales is beneficial and desirable. The criteria for the opportunistic transmission/reception include packet arrival/completion, need for interference coordination and avoidance, and load balancing/shifting. It is thus motivated to continue and possibly expand from the transition time reduction study/work done in Rel-12, and to provide enhanced procedures, mechanisms, signalling, and physical channels/signals to better support small cell deployments and operations.
Second, the ever-increasing densities of network nodes in both indoor and outdoor scenarios are worth considering. In Rel-12, mainly small cell clusters are addressed, in other words, densely deployed small cells are distributed in several disconnected clusters, and each cluster has a few small cells. However, it is anticipated that in some cases, continued densification with more smalls cell dropped can make the clusters connected with each other, i.e., many small cells may be continuously densely distributed in space. Therefore, further work for denser small cells should be considered. For example, denser networks (both clustered and non-clustered) may require more coordination for interference management, load balancing/shifting, measurements, etc.
Furthermore, in parallel to the focus of operational efficiency improvements for downlink-heavy scenarios, enhancements for uplink-heavy scenarios in small cell physical layer should also be addressed, for example, in scenarios with lots of uploading photo and video for sharing. When there is heavy traffic in the uplink while less or little traffic in downlink, several downlink channels and reference signals still need to be transmitted to support the uplink traffic, thus bringing considerable downlink interference into the system. Therefore, it is important to support heavy uplink traffic while reducing the downlink interference simultaneously.
Finally, existing small cell enhancements are mainly from the perspective of a single carrier. As discussed in [2], in future networks with small cell deployments, it is anticipated that each small cell can have a large number of usable carriers (including the case that the number of available carriers at the cell is much larger than the number of usable carriers by any UE). The carriers may be licensed or unlicensed (and thus related to the licensed-assisted access SI proposal for Rel-13). Therefore, to fully benefit from small cell deployments, it is meaningful to put the small cell enhancements into the perspective of a large number of carriers in the network, i.e., to provide standard support for efficient small cell on/off in multi-carrier scenarios (such as fast load balancing/shifting across carriers, fast interference coordination and avoidance across carriers). 
In summary, there are motivations to consider several directions for further enhancements of small cell physical layer.
2.3 Possible objectives

As described above, it is desirable to study and specify mechanisms for small cell further enhancements in physical layer, to ensure the efficient operation of networks with denser small cell layers in single-carrier or multi-carrier scenarios, in both downlink and uplink, taking into account of the study documented in 36.872 and further motivations listed above.
· Enhancements of procedures, mechanisms, signalling, physical channels, and physical signals for discontinuous, opportunistic transmission/reception with further reduced transition time of small cell on/off in single-carrier or multi-carrier operation
· Small cell on/off with further reduced transition time in single-carrier operation
· The scenario with activated Scell on/off should be mainly considered

· Non-clustered small cell deployments may be included in the consideration

· Subframe level small cell on/off should be supported

· Transition time of a couple of OFDM symbol durations or less can be considered

· Time/frequency tracking, AGC settling, and RF tuning feasible in reduced time scales should be taken into consideration

· Link adaptation should be supported even with the discontinuous reception of RS

· Enhanced signal/interference measurements may be needed

· Measurements and feedback on demand may be needed

· HARQ should be supported in physical layer mechanisms even with discontinuous transmission 
· UL enhancements given small cell on/off in DL should be considered
· Small cell on/off with further reduced transition time in multi-carrier operation
· The scenario with more and diversified spectrum resources at the cell should be considered

· A large number of usable carriers (including the case that the number of usable carriers at the cell is larger than the number of usable carriers at any UE)

· Deployments with both FDD/TDD carriers, deployments with inter-and/or intra-band synchronous or asynchronous component carriers, etc.

· Efficient small cell on/off for the following cross-carrier coordinated operations should be supported:

· Fast cross-carrier load balancing/shifting

· Fast cross-carrier interference coordination and avoidance

· Measurements, feedback, and procedures for efficient fast cross-carrier coordination

· Higher-layer procedures, signalling, and interfaces for discontinuous, opportunistic transmission/reception with further reduced transition time of small cell on/off
· Enhancements of MAC or RRC procedures and signalling can be considered

· Enhancements of inter-eNB coordination can be considered

· Signalling supporting physical layer enhancements should be provided

· Specify the corresponding UE and eNB core requirements in RAN4 for the above mechanisms and features.
· Base-band, RF, and RRM requirements for further reduced transition time and discontinuous transmission/reception
Given the broad scope of the study/work listed above, it is crucial to form a clearer view of these directions and prioritize them. As Rel-12 SCE physical layer work is yet to be completely finalized and RAN2/4 support is still ongoing, the further enhancements are preferred to commence upon the completion of Rel-12 SCE PHY WI.
3 Conclusion
We propose to consider LTE evolution for further small cell physical layer enhancements. Many directions/proposals for enhancements can be considered; however, prioritization should be done before any work can start. Given that Rel-12 SCE is yet to be finalized, it is desirable to start the further enhancements after the completion of Rel-12 SCE PHY WI.
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