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1.  Introduction
A study item “Small Cell Enhancements – Physical-layer Aspects” was approved at the RAN#58 [1]. The objective of this study is to identify potential enhancements to improve the spectrum efficiency 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 [2], and evaluate the corresponding gain, standardization impact and complexity. 
The study shall focus on the following areas:
· Define the channel characteristics of the small cell deployments and the UE mobility scenarios identified in TR36.932, as well as the corresponding evaluation methodology and metrics. 

· Study potential enhancements to improve the spectrum efficiency, i.e. achievable user throughput in typical coverage situations and with typical terminal configurations, for small cell deployments, including
· Introduction of a higher order modulation scheme (e.g. 256 QAM) for the downlink.

· 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, in downlink and uplink based on existing channels and signals. 

· Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters. This includes 
· Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements, focusing on multi-carrier deployments in the small cell layer and dynamic on/off switching of small cells.

· Mechanisms for efficient discovery of small cells and their configuration. 

· 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 present our views on potential enhancements to improve the spectrum efficiency for small cell deployments. 
2. Views on potential enhancements to improve spectrum efficiency
2.1. Higher order modulation
In current LTE specification, modulation level of up to 64 QAM can be supported for both downlink and uplink based on the UE capability. When introducing small cell deployment, UE connected in small cell can often experience good channel quality due to the small coverage and may also experience relative low interference level for certain deployment scenarios. For example, for non-co-channel deployment between Macro cell and small cell, no interference comes from Macro, and for indoor small cell deployment, the interference from the Macro cell in case of co-channel deployment or the interference from neighboring small cell is quite small due to the penetration loss of wall, so that higher SINR can be expected. Making use of the experienced good channel quality, higher order modulation, e.g., 256 QAM, can be considered to enhance the spectrum efficiency. But the performance of higher order modulation is more sensitive to the channel variation and accuracy of channel estimation. Therefore, the usage scenario should be clarified and the performance should be verified.
Observation:

1) Higher order modulation, e.g., 256 QAM, can be considered to enhance the spectrum efficiency. But the usage scenario should be clarified and the performance should be verified.
2.2. Overhead reduction

2.2.1. Overhead reduction for reference signal
The reference signals in current LTE specification are designed mainly for Macro cell taking into account the propagation environment and channel characteristics of the Macro cell, which means that the reference signal is not optimal for small cell deployment. Due to the low delay spread in small cell, the channel coherent bandwidth in small cell can be much larger than that in Macro cell, which may result in redundancy for current design for reference signals in frequency domain.  Furthermore, in most cases, the speed (0-3km/h for indoor, and up to 30km/h for outdoor) of UE connected to small cells is relatively lower than that of UE connected to Macro cell. Thus, the channel coherent time in small cell can be larger than that in Macro cell, which provides additional space for further overhead reduction in time domain.
· DM-RS
Due to the difference of multiple access and channel structure between downlink and uplink, the potential solutions for DM-RS reduction is discussed for downlink and uplink respectively.
For downlink, DM-RS is mainly for decoding of PDSCH and ePDCCH. Since ePDCCH carries control information and its reliability should be kept in a high level, DM-RS overhead reduction for ePDCCH should be carefully studied. For PDSCH, the DM-RS density for antenna port 7 & 8 is 12 REs per PRB pair per subframe. Based on the channel characteristics of small cell, DM-RS density can be reduced to 8 REs per PRB pair per subframe or even 4 REs per PRB pair in frequency domain if there is minor impact on the performance of PDSCH. One example of DM-RS density reduction in frequency domain is shown in Fig.1. Fig.2 gives another example with two PRBs bundled and sharing the same DM-RS pattern, which can reduce DM-RS with the scale of 50%. With PRBs bundling, the scheduling flexibility is somehow restricted, i.e., two contiguous PRBs are required to be allocated simultaneously to the same UE. 
[image: image1.png]B DM-RS

| » frequency

time




                       [image: image2.png]B DM-RS

Kouanbauiy

J_' time




(a) 8RE per PRB pair per subframe                      (b) 4 REs per PRB pair per subframe
Fig.1 Example of DM-RS overhead reduction in frequency domain
DM-RS density can also be reduced in time domain, and the similar principle used in frequency domain reduction can be extended to time domain. Fig.3 gives one example with two subframes bundled and sharing the same DM-RS pattern. With subframes bundling, the scheduling flexibility is somehow restricted, i.e., two contiguous subframes are required to be allocated to the same UE. In this case the impact of subframe bundling on different TDD UL/DL configuration should also be considered, e.g., HARQ timing issue.
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Fig.2 Example of DM-RS pattern with PRB bundling
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Fig.3 Example of DM-RS pattern with subframe bundling
For uplink, DM-RS can be used for both PUCCH decoding and PUSCH decoding. Since PUCCH carries UCI information, e.g., SR, ACK/NACK and RI/PMI/CQI and its reliability should be kept in a high level, DM-RS overhead reduction for PUCCH should be carefully studied. For PUSCH, in current LTE specification, DM-RS occupies two SC-FDMA symbols in one subframe with one symbol in each time slot. Considering the larger coherent time, the DM-RS may be considered to be reduced to one symbol in one subframe, as shown in Fig.4a. Similar with downlink, subframes bundling can be considered for further DM-RS reduction in time domain, as shown in Fig.4b.
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(a) One DM-RS symbol per PRB per subframe          (b) DM-RS reduction with subframes bundling

Fig.4 Example of DM-RS overhead reduction in time domain

In order to keep the single carrier property, DM-RS reduction with PRB bundling cannot be applied directly for the uplink. However, comb structure used for SRS may be considered to reduce DM-RS in frequency domain if clear benefit can be observed.
Observation:

2) For control channel, DM-RS overhead reduction should be carefully studied.

3) For data channel, the DM-RS density may be reduced in frequency/time domain for small cell deployments. 
· SRS
In current LTE specification, sub-carriers for one SRS are placed with a certain interval, that is, the transmission of the SRS applies the comb structure, and the number of SRS combs multiplexed in one PRB is two, as shown in Fig.5. In Fig.5, two symbols are needed for four SRS combs transmission and one symbol for each subframe. Considering the flat channel characteristics in frequency, the interval between SRS sub-carriers for one SRS comb can be increased which means the number of frequency combs multiplexed in one PRB can be larger than two. Fig.6 shows one example with increased interval between SRS sub-carriers for one SRS comb. In this example, subcarriers of SRS are placed with interval of four subcarriers. With the increased interval between SRS sub-carriers for one SRS comb, one symbol is sufficient for four SRS combs transmission and the other symbol can be used for data transmission. For the new introduced SRS pattern, impact on the specification, e.g., SRS sequence design, should be considered.
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Fig.5 Example of SRS combs in current LTE specification
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Fig.6 Example of SRS combs with interval of four subcarriers
Observation:

4) The interval between SRS sub-carriers for one SRS comb can be increased, and the number of SRS combs multiplexed in one PRB can be larger than two.
2.2.2. Overhead reduction for control signaling
· Downlink control signaling
In the current LTE specification, PDCCH can be configured to occupy the first 1, 2, or 3 OFDM symbols in a normal subframe. The maximum available resources in terms of the number of REGs/CCEs for PDCCH transmission excluding PCFICH, PHICH, are very limited. The limited PDCCH capacity affects the scheduling flexibility especially for MU-MIMO and some scenarios, e.g., CoMP scenario 4. One of the motivations to introduce ePDCCH is to enlarge the capacity of downlink control signaling and multiple benefits can be observed from ePDCCH, e.g., beamforming gain and interference avoidance. However, with the increased control signaling, the resources used for PDSCH transmission are decreased, which will degrade the spectrum efficiency accordingly. For small cell deployment, with larger coherent time, multi-subframe can be scheduled by one (e)PDCCH. Thus, downlink control signaling can be reduced significantly and spectrum efficiency can be enhanced. One example of multi-subframe scheduling is illustrated in Fig.7, where one PDCCH schedules two subframes simultaneously for one UE. Meanwhile, the same principle can easily be extended to ePDCCH.
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Fig.7 Example of multi-subframe scheduling
Observation:

5) Multi-subframe scheduling can be considered to reduce downlink control signaling.
· Uplink control signaling
Uplink control signaling includes SR, ACK/NACK, and RI/PMI/CQI. For SR and ACK/NACK, it’s not easy to reduce the overhead without any impact on the performance. Regarding RI/PMI/CQI, for the small deployment, with larger coherent time and bandwidth, the granularity of RI/PMI/CQI reporting is not required as fine as that for the Macro cell. In current LTE specification, multiple CSI reporting modes are supported for both PUCCH and PUSCH. eNB can configure UE the CSI reporting mode with less finer granularity in frequency domain, e.g., wideband CQI, and long reporting periodicity in time domain, without any impact on the specification. 
Observation:

6) The overhead for uplink control signaling, e.g., RI/PMI/CQI, can be reduced with implementation solution without any impact on the specification.
3. Conclusions
In this contribution, we present our views on the potential enhancements to improve the spectrum efficiency for small cell enhancements and have following observations.
Observations:

1) Higher order modulation, e.g., 256 QAM, can be considered to enhance the spectrum efficiency. But the usage scenario should be clarified and the performance should be verified.
2) For control channel, DM-RS overhead reduction should be carefully studied.

3) For data channel, the DM-RS density may be reduced in frequency/time domain for small cell deployments. 
4) The interval between SRS sub-carriers for one SRS comb can be increased, and the number of SRS combs multiplexed in one PRB can be larger than two.
5) Multi-subframe scheduling can be considered to reduce downlink control signaling.

6) The overhead for uplink control signaling, e.g., RI/PMI/CQI, can be reduced with implementation solution without any impact on the specification.
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