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1. Introduction
In RAN#58, the SI for SCE (small cell enhancements) was agreed, and the following objective is described in the SID: 
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In this document, we share our views on the evaluation methodologies for SCE to achieve more spectral efficiency.
2. Discussions
2.1. Assumption for frequency band
In the TR [1], Fig. 1 is captured to show the deployment scenarios of small cell. In the scenarios, the usage of the same or different frequency bands are not precluded. In our view, since the co-channel scenario (i.e. F1=F2) was intensively discussed in Rel-10 and 11, we can focus on dedicated channel scenarios in this S.I. It is also described in the TR that higher frequency bands such as 3.5 GHz would be the target of F2. Therefore, we propose that F1<F2 is used for the evaluation. More specifically, F1=2GHz and F2=3.5GHz would be appropriate for the evaluations.
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Fig.1 Deployment scenarios of small cell with/without macro coverage (TR 36.932)
Proposal:

· For the dedicated channel evaluations,
· 2 GHz should be used for macro layer frequency band.
· 3.5 GHz should be used for small cell layer frequency band.
2.2. Introduction of a higher order modulation scheme
In the dedicated channel scenario, a higher geometry can be achieved for small cells due to less interference from macro eNBs. In this sense, the introduction of higher modulation order such as 256 QAM may contribute to the improvement of spectral efficiency. On the other hand, higher rank MIMO is also available to enjoy higher geometry region. In this S.I., the comparison between MIMO and higher order MIMO should be performed in order to confirm the DL performance benefit of higher order modulation. However, it should be kept in our minds that multi-antenna is useful not only for DL but also UL while single Tx chain may contribute to reduce the RF cost.
We would like to emphasize that the impact on UL should also be clarified if single Tx is used for the evaluation since multi-Rx antenna is always beneficial especially UL control channels.
Proposal:
· Multiple antennas, at least 2 anntenas, for small cells should be used for the evaluations. 
· If single antenna is used for the evaluation of higher order modulation, the impact on uplink performance should be investigated
System level simulations should be used for performance comparisons. However, according to our evaluation in [2], only 15 % of UEs can achieve the geometry of 20 dB by HetNet Config.#4b (i.e. outdoor small cells)with the dedicated channels. Thus, HetNet model would not be suitable for this evaluation in terms of throughput performance and simulation efforts. On the other hand, 40% of UEs can achieve the geometry of more than 20 dB when ITU indoor hotspot (InH) is used, where both UE and eNB are located indoor. This is also a valid use case for Rel-12, and hence we think this scenario should be used, and no additional simulation model is necessary in order to reduce RAN1 efforts.
Proposal:

· System level simulations with ITU indoor hotspot (InH) model would be sufficient.
2.3. Overhead reduction of UE-specific reference signal
If very low UE mobility and small delay spread are assumed in the specific scenario compared to the conventional macro cell scenarios in 3GPP, i.e. for indoor hotspot, more overhead reduction of UE-specific RS would be possible without any degradation of channel estimation accuracy. However, the maximum gain will anyhow be around 7 % because UE-specific RS occupies 12 REs per RB for the rank 1and 2 transmissions. From our perspective, remarkable gain, i.e. more than 10 %, is expected because an additional complexity is imposed to support another DMRS mode. Therefore, we think less evaluation effort is appropriate for this topic, and RAN1 can firstly check the performance by link level simulation. As for the channel model, ITU InH can be used to simulate the low delay spread situations. 
Proposal:

· Link level simulation with ITU InH would be sufficient for the initial evaluation of DMRS overhead reduction. 
2.4. Overhead reduction of downlink control channel
The importance of overhead reduction for PDCCH has already been identified during Rel-11 discussions. As a result, EPDCCH was introduced to expand the capacity of downlink control channel. However, only the basic structure of EPDCCH is introduced in Rel-11 and it still contains the room of further enhancements. For example, it was demonstrated that the BLER performance of EPDDCH is worse than legacy PDCCH, and the beamforming gain is not expected for 2Tx case. From our perspective, more benefits to introduce EPDCCH would be needed to introduce such a new feature.
Meanwhile, it is unclear for us which kind of techniques are supposed to be discussed as DL control channel enhancement because the term of “Overhead reduction of downlink control channel” may have multiple interpretations. For example, multi-subframe scheduling by one DCI (as in Fig.2) would be one of the solutions, while other solutions such as a DCI payload reduction, may of course be considered. 
Therefore, we think that it is a bit early to determine the simulation methodologies because the candidate techniques are not proposed at this moment. RAN1 should firstly check the possible candidates.

[image: image3.emf]Frequency

Subframe

Legacy PDCCH region

PDSCH region

EPDCCH potential region

EPDCCH-based PDSCH


Fig.2 An example of multi-subframe scheduling by one DCI
Proposal:

· RAN1 should firstly check the candidate solutions for overhead reduction of downlink control channel.
3. Conclusion
In this document, we shared our views on Physical Layer Enhancements for SCE to improve spectrum efficiency. Our proposals are summarized as follows:
· For the dedicated channel evaluations,
· 2 GHz should be used for macro layer frequency band.
· 3.5 GHz should be used for small cell layer frequency band.
· For higher order modulation evaluations,
· Multiple antennas, at least 2 anntenas, for small cells should be used for the evaluations. 
· If single antenna is used for the evaluation of higher order modulation, the impact on uplink performance should be investigated
· System level simulations with ITU indoor hotspot (InH) model would be sufficient.
· For UE-specific overhead reduction evaluations,
· Link level simulation with ITU InH would be sufficient for the initial evaluation of DMRS overhead reduction. 
· For overhead reduction of downlink control channel,
· RAN1 should firstly check the candidate solutions
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The objective of this study is to identify potential enhancements to improve the system performance as well as efficient small cell deployment and operation in order to meet the requirements targeted for small cell enhancements in the identified scenarios in TR36.932, and evaluate the corresponding gain, standardization impact and complexity. 


The study shall focus on the following areas:


Study the channel characteristics of small cell deployment identified during SI for the scenarios and requirement, as well as the corresponding evaluation methodology and metrics. 


Study potential enhancements to improve the spectrum efficiency , including


Introduction of a higher order modulation scheme (e.g. 256 QAM) for the downlink.


Overhead reduction in terms of reference signal, control channel and feedback, for both downlink and uplink. 


Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters. This includes 


Benefits of time synchronized operation and synchronization mechanisms compared to performance in not synchronized scenarios. 


Mechanisms for interference avoidance among small cells and between small cells and macro layer.


Mechanisms for efficient small cell discovery and configuration


Physical layer study and evaluation to support for small cell enhancement high-layer aspects�


Backward compatibility, i.e. the possibility for legacy (pre-R12) UEs to access a small-cell node/carrier, will be taken into account in the evaluation of the different proposed enhancements


This study item shall consider the work of other related study/work item(s) in Rel-12.
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