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1. Introduction

A RAN-level study was recently completed on the scenarios and requirements for small cell enhancements [1]. Subsequently, a new Rel-12 study item (SI) was approved at RAN #58 to study the physical layer aspects of small cell enhancements [2]. With respect to the uplink, some of the objectives of this SI include:

· Enhancements and overhead reduction for UE-specific reference signals and control signaling to better match the scheduling and feedback in time and/or frequency to the channel characteristics of small cells with low UE mobility.
· Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements.
· Physical layer study and evaluation for small cell enhancement higher-layer aspects, in particular concerning the benefits of mobility enhancements and dual connectivity to macro and small cell layers and for which scenarios such enhancements are feasible and beneficial.

In this contribution we first review the deployment scenarios and traffic requirements in [1] from an UL perspective. Subsequently, we discuss the possible UL improvements to address the objectives of the SI. A discussion on general evaluation assumptions and methodology for the small cell SI is presented in a companion contribution [3]. 
2. Discussion
The important deployment scenarios for small cell enhancements are depicted in Figure 1. In Figure 1(a), dedicated carriers are assigned to the macro and small cell layers. The macro cell can be deployed at a lower frequency F1 for coverage whereas the small cell layer is deployed at a higher frequency F2 to boost capacity. The carrier aggregation case is shown in Figure 1(b), where both macro and small cell layers operate on F1and F2. Here, F1 on the small cell layer can be constrained to have the same coverage as F2 (e.g. by adjusting the transmit power). In a different configuration the macro layer operates on F1 and F2, while the small cell layer only operates on F2. 
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Figure 1 Deployment scenarios for small cell clusters
The small cell layer is characterized by low to moderate mobility UEs. Secondly, the technical report in [1] envisions significant and dynamic variations in traffic patterns between the DL and UL of the same small cell, and between different cells. Finally, cell clustering, as shown in Figure 1, results in overlapping cell coverage and much shorter eNB-eNB, eNB-UE distances, which dramatically increases DL and UL inter-cell interference. Note that even in the shared spectrum case, the small cell clustering distinguishes this scenario from CoMP scenarios 3 and 4.
Observations:

· Inter-cell interference on the small layer is expected to be the dominant factor affecting UL spectral efficiency.
· Improved inter-cell interference coordination should be considered taking into account non-ideal backhaul between and within cell layers. 
· First, evaluate the need for improvements to UL power control for the small cell layer. 

· To take advantage of low mobility and smaller pathloss between the UE and small cell eNB there is a possibility of reducing PUSCH DMRS overhead.
2.1. UL Overhead Reduction
LTE supports several UL channels and signals, namely, PUSCH, PUCCH, PRACH, SRS and UL RS for PUSCH/PUCCH. The PUSCH DMRS is an obvious target for overhead reduction because it occupies 1 symbol per slot in the allocated bandwidth, i.e. 14.3% overhead for normal CP. Potential overhead reduction techniques include: time (a single DMRS symbol per subframe) or frequency (e.g. using a frequency comb). 
However, DMRS is not only used for channel estimation but also for inter-cell interference estimation, which may be degraded by DMRS reduction. Secondly, transmitting 1 DMRS symbol per subframe reduces DMRS multiplexing capacity because an orthogonal cover code cannot be applied. New DMRS frequency patterns may also require investigation of sequence design, which is not desirable. Therefore, studies should consider the impact on interference estimation for UL receiver processing. 
2.2. Uplink control signaling
The introduction of heterogeneous networks in Rel-10/11 introduced greater demands on CSI feedback. For example, a Rel-11 UE can be simultaneously configured for DL CoMP and CA. As demonstrated by e-ICIC and CoMP studies in Rel-10/11, the achievable HetNet gains may require accurate and timely interference estimation for CSI computation. Towards this goal a UE in transmission mode 10 can be configured with one or more interference measurement resources to support multiple CSI hypotheses. On the other hand, legacy periodic CSI reporting on PUCCH was designed for homogeneous networks and only one CSI report can be transmitted at a single instance. It is worthwhile to investigate what, if any, enhancements are needed for periodic CSI reporting in Rel-12.
For the CA scenario in Figure 1(b) there may be PUCCH capacity limitations on the PCell depending on how many UEs are configured in a particular cell. Therefore, it may be beneficial for load balancing to at least study uplink control signaling on the PUCCH of the SCell. We note that PUCCH on the SCell may also be beneficial depending on the outcome of the higher layer study on dual connectivity to macro and small cell layers.

Proposal: consider enhancements to uplink control signaling for efficient small cell operation. 
3. Conclusion

In this contribution we consider UL-specific aspects for the small cell enhancements study. Based on the requirements and scenarios for small cell enhancements we have the following observations/recommendations:
· Inter-cell interference on the small layer is expected to be the dominant factor affecting UL spectral efficiency.

· Improved inter-cell interference coordination should be considered taking into account non-ideal backhaul between and within cell layers. 

· First, evaluate the need for improvements to UL power control for the small cell layer. 

· To take advantage of low mobility and smaller pathloss between the UE and small cell eNB there is a possibility of reducing PUSCH DMRS overhead but degradation in inter-cell interference estimation must also be considered. Secondly, temporal reduction of DMRS impacts DMRS multiplexing capacity since an orthogonal cover code cannot be applied.  
· Consider enhancements to uplink control signaling for efficient small cell operation. 
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