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1. Introduction

In RAN plenary #58 meeting, one study item in the small cell SID [1] is agreed as follows.
· 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 designs.
Since main use cases for small cell are focusing on low mobility UEs, the channel characteristics can be utilized to further improve spectrum efficiency in small cell.  In 3GPP TR36.932 [2], it is mentioned that the speed of 0-3 km/hr for indoor UEs and the speed up to 30 km/hr for outdoor UEs are considered.  In this paper, possible methods to enhance the spectrum efficiency in small cell by overhead reduction are discussed, based on the channel characters of use cases in small cell deployments. 


2. Analysis on Channel Characteristics
In 3GPP, small cell using lower power nodes is proposed to enhance the capacity for local area, which may include low mobility indoor UEs and medium mobility outdoor UEs. Since the transmit power of small cell is lower than that of macro eNB, the coverage of small cell is smaller than macro eNB and the channel characteristics are also different from that in macro cell. According to [2], UE mobility is limited to 0-3km/hr and up to 30km/hr in case of indoor and outdoor scenarios, respectively.  Correspondingly, the channel state is expected to vary slowly in time domain due to low or medium mobility. Furthermore, the channel delay profile may also become more diversified (multiple main paths) with smaller delay spread due to indoor and small coverage environment. With smaller delay spread, the channel state is expected to vary slowly across frequency domain. 
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                (a) Channel amplitude variation in time domain                           (b) Correlation in time domain
Figure 1 Channel characteristics with different UE mobility in time domain
Figure 1 shows the fluctuation of the simulated channel in time domain under different UE speeds. From Figure 1-(a), it can be observed that the channel coefficients vary more rapidly under 30km/hr, compared to 3km/hr. The coherent times under different UE speeds are compared Figure1-(b).  From this figure, it can be found there is a high correlation between channels among different subframes under 3km/hr. And the correlation changes smoothly with time. Compared to the case of 3km/hr, the channel correlation varies rapidly with time under 30km/hr. 

In Figure 2, the correlation in frequency domain and delay spread are compared under different channel types.  From Figure 2-(a), the delay spreads of different channel types are given. In case of EPA channel, the delay spread is around 0.36us. And the delay spread is 1.44 us and 3.6us for EVA and ETU channel, respectively. As expected, the coherent bandwidth of EPA channel is larger. Further, the correlation of simulated channel changes smoothly under EPA, which is close to flat fading. Under EVA and ETU channel, the correlation in frequency domain decays fast with channel bandwidth.
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                   (a) Delay spread                                                       (b) Correlation in frequency domain

Figure 2 Channel characteristics under different channel types
3. Discussion
From the analysis, it can be concluded that the channel state varies slowly both in time domain in small cell with low mobility UEs. However, the variation of the channel state in frequency domain depends on the channel type used to model practical environment. According to existing channel models in [3], coherent channel bandwidth in small cells is expected to be larger than that in macro cell. Three candidate directions can be considered to improve the spectrum efficiency in small cells, based on the channel characteristics. 

The first candidate direction is CSI related overhead reduction. Low mobility UEs can feedback CSI with a longer periodicity to reduce the overhead, especially for the periodical CSI reporting and CSI-RS transmission. In Rel-11, the maximal reporting periodicity of CSI is 160 subframes and the maximal transmission periodicity of CSI-RS is 80 subframes. Existing mechanisms are enough to accommodate long coherent time of channel state and can be used to reduce the overhead of CSI-RS transmission and CSI reporting.  However, due to large coherent channel bandwidth, further enhancements on CSI reporting efficiency can be considered, such as subband CSI reporting with larger subbands.
Observation #1: Existing mechanisms are enough to accommodate the use cases of low UE mobility in small cells for the overhead reduction of CSI-RS transmission and CSI reporting but further enhancements on CSI reporting efficiency may be needed due to larger coherence channel bandwidth.
The second candidate direction is control signaling overhead reduction. Due to long coherent time of the channel, the scheduling information for UEs from small cell eNB can be further reduced. In current dynamic scheduling mechanism, the data transmission in a subframe is scheduled by the scheduler in the corresponding subframe because it can optimize the UE scheduling in every subframe when the channel of some UEs changes fast and a large number of UEs are served in a macrocell.  Since the channel won’t change a lot in the cases with low to medium UE mobility and there may not be so many UEs within a small cell, subframe-by-subframe scheduling may not be necessary and the scheduling overhead can be further reduced. Just like SPS, control signaling can be transmitted in some subframes only and UEs can receive data within the same radio resource region in multiple subframes without corresponding scheduling information in these subframes. In addition, larger coherent channel bandwidth also implies that existing granularity for scheduling may not be necessary and larger granularity for scheduling can be considered to further reduce control signaling overhead.
Observation #2: Existing dynamic scheduling mechanism can be further enhanced for control signaling overhead reduction based on the channel characteristics for small cells in both time and frequency domain.
The third candidate direction is to reduce the density of reference signals. In Rel-11, 3 out of 12 subcarriers are used for DMRS in frequency domain and 4 OFDM symbols in time domain, under normal CP. Then, the overhead of each DMRS port is 7.15% per PRB pair. Note that the overhead is same in cases only port 7 or port {7, 8} exists.  If 4 DMRS ports are configured, the overhead doubles. Under extended CP, there are 4 subcarriers for DMRS within every 12 subcarriers in frequency domain.  And the overhead is 5.56% (only two OFDM symbols in time domain when special subframe configuration is 1, 2, 3, 5 or 6) or 11.11% (4 OFDM symbols in time domain) under different system configurations. In order to support up to 8 antenna ports, 4 OFDM symbols in time domain is needed for the antenna port separation. However, due to large coherent channel bandwidth, the reference signal density in frequency domain can be reduced without impacting UE throughput.
Observation #3:  The overhead of existing DMRS pattern is around 14% in normal CP and 11% in extended CP. Since large coherent channel bandwidth is expected in the channel characteristics for small cells, further reference signal overhead reduction can be considered.


4. Conclusion

This paper discussed three candidate directions to improve the spectrum efficiency in small cells. Based on above observations, we propose:  
Proposal #1: Investigate whether it is beneficial to increase the granularity of CSI measurement/reporting.
Proposal #2: Cross-subframe dynamic scheduling should be investigated as one of options for control signaling overhead reduction.

Proposal #3: Scheduling granularity in small cells should be reviewed based on the channel characteristics.

Proposal #4: Existing DMRS pattern with reduced density should be investigated as one of options to enhance spectrum efficiency of small cells.
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