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1. Field Trail Setup and Results for Multi-Point Transmission
In this filed trial we demonstrate the potential gain of cloud RAN (CRAN) or Distributed Coordinated Multi-point Transmission (COMP).  N Base stations or Remote Radio-head-ends (RRHs) are connected to a central processor (referred to as cloud) via fiber. Each RRH has one transmit antenna and serves one UE at a time. We demonstrate downlink where N independent data streams are transmitted to N-UEs using Tomilson-Harashima precoding (THP). Every RRH transmits the same PSS signal coherently to facilitate synchronization and each RRH also transmits downlink reference signals (RS) so that UE measures the downlink CSI of all N RRHs. Each UE feedsback the N downlink measured CSI values using uplink fast feedback channel. The N UEs also transmits uplink sounding signals. The cloud uses the measured uplink CSI and the explicit downlink CSI for the purpose of TDD channel calibration. The downlink CSI is used for implementing THP encoding. The cloud uses demodulation RSs to aid THP decoding for the UE. The prototype operates in TDD band 40. In order to measure the gain of THP with respect to full frequency reuse (transmission without coordination), we divide the subframe into two parts, reuse-1 zone and THP zone where we measure the spectrum efficiency (SE) in each zone separately. Each RRH transmits at 18 dbm power. We remark here that the reference signals for both reuse-1 and THP case use orthogonal patterns among all RRHs (there is no RS collision between RRHs in reuse-1 or THP case).

In this contribution we report CRAN/distributed COMP filed trials with N= 3 and N=6 in our campus. Results for a larger scale trial with higher number of RRHs will be reported in subsequent contributions. Processing unit of CRAN/distributed COMP setup is placed inside lab (Figure 2), whereas each BS/RRH equipped with an antenna is clamped at some predetermined location. These N BSs/RRHs are spread across the one floor of a building (Figure 3) and UEs are moved around the BSs/RRHs. 
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Figure 1: CRAN based Testbed: The Chassis represents the Cloud and the yellow wires represent the fibre front-haul connections to RRHs
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Figure 2: Locations of Remote Radio Head (RRH) Distributed in IITH Campus for N=3
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Figure 3: 64QAM Constellation retrieved in 3x3 Cloud for a typical UE
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Figure 4: CDF with nearest RRH association rule for N=3
UE locations, RRH Association and Scheduling

The UEs are distributed within coverage area of the RRHs. In the first experiment, we place the UEs such that there is at least one UE within coverage area of each RRH (the nearest RRH for each UE is distinct) and moved the UE within the coverage area of the associated RRH.  
Figure 4 shows the comparison between network SE or capacity measured in units of bits/sec/Hz of the reference reuse-1 system (red curve) and capacity of CRAN 3x3 setup (blue curve).  In this experiment we record the minimum SE for reuse-1 as 0.64 bits/sec/Hz whereas the CRAN/distributed COMP offers a minimum SE of 3.6bits/sec/Hz by virtue of interference pre-/post cancellation gain offered by THP.  

Figure 4 shows the constellation data received at a typical user for 3x3 CRAN setup, where we observe interference free 64QAM constellation for THP system.

In the second experiment, we cluster the three UEs close to any one of the 3 RRHs and yet associate one UE/RRH. In this case, reuse-1 method experiences an interferer whose power exceeds the desired signal level by a large amount and hence results in very low SEs. In case of THP, because of interference cancellation gain offered by the THP encoder/decoder, each UE supports a minimum of 2.5 bits/sec/Hz. Combining the results of second experiment with and the first experiment, we report the CDF of SE in Figure 5. We can observe the low SE caused by clustered UEs for reuse-1 mode. 
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Figure 5: CDF plots of capacity of CRAN/distributed COMP and Reuse-1 for N=3
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Figure 6: CDF plots of capacity of CRAN/distributed COMP and Reuse-1 for N=6

In the third experiment, we report the results of reuse-1 and CRAN/distributed COMP for N=6 for the case nearest RRH association scheduling scenario.  In this case the 6 RRHs are distributed in one floor with an inter RRH spacing of about 15 meters.  In this particular deployment, we observe that resue-1 system experiences significant interference and results in very low SEs. The THP based implementation provides a minimum SE of 1.7 bits/se/Hz and a maximum SE of 4.7 bits/sec/Hz. The overall gains of THP is quite high compared to reuse-1.
2. Conclusions
The results of this experiment demonstrates the feasibility of THP precoding using commercial grade LTE type RRHs. We show that COMP operation provides a substantial gain in SE. This experiment also shows the potential gains offered by THP based non-linear precoding based on explicit CSI feedback from UE. The explicit CSI can be used for TDD downlink calibration. A notable observation is the scheduling flexibility offered by THP in associating users to RRH especially in cases where users are non-uniformly distributed in an area. 
Recommendation 1: NR should consider coherent COMP operation for cloud RAN type deployments 
Recommendation 2: NR should consider non-linear THP for CRAN/COMP as well as for co-located MIMO deployments

Recommendation 3: NR should consider explicit CSI feedback methods to enhance MIMO operation for collocated as well as for distributed COMP/CRAN operation.
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