3GPP TSG RAN WG1 Meeting #58
R1 -093017
Shenzhen, China
24. August – 28. August 2009

Source: 

Alcatel-Lucent
Title:
Uplink multi-point reception performance results for LTE-A 
Agenda Item:
15.2 Study Item on LTE-A, COMP
Document for:
Discussion and Decision
1. Introduction

One promising technique in the LTE-advanced system is the coordinated multiple point transmission and reception (CoMP). In uplink one possible scheme for COMP is Joint Processing (JP), where the signal of one user is received at several cells. We present in this document performance results for intra and intra/inter site JP.

2. Performance results for intra- and intra/inter- site JP 
2.1. Motivation 

For the uplink the standardization impact of the air interface should be very small. Depending on the cooperation strategy the requirements for the backhaul are different. In case of intra-site coordination no backhaul is required. For coordination of different sites we need a change in the X2 interface definition. One important point is the definition of what kind of information/signals should be exchanged. In our simulation we have investigated two possible schemes. The first one is the exchange of the “I/Q samples” and the other possibility is to send “soft bits”.  For both schemes we performed simulations to compare the gains.

2.2. System simulation scenario and results

The different scenarios have been investigated based on a system level simulator compatible to the NGMN/3GPP Rel. 8 performance verification framework [1, 2].
For both, the reference case without JP and the cases with JP, a linear MMSE receiver with IRC have been used. Furthermore, for both cases, we do not consider multi user MIMO.
For CoMP JP two different cases have been investigated namely a coordination based on I/Q samples and a coordination based on softbits. The different CoMP strategies are simulated with three different antenna configurations (2, 4, and 8 receive antennas at the eNodeB). The set of input parameter is listed in the Appendix.
Table 1: Spectral Efficiency and Cell Edge Performance of CoMP JP based on I/Q samples
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Table 1 shows a comparison of pure intra-site JP (i.e. JP is restricted to the sectors of a site) with intra/inter-site JP for a single X-polarized antenna per eNodeB sector. In general we can see that the gain in spectral efficiency is rather low while we get a higher gain for the cell border throughput. For pure intra-site JP we obtain a small average active set size, i.e. JP is used only with a low probability. Consequently, the gain in cell border throughput is smaller in comparison to intra/inter site JP where we have an average active set size of more than 2. For this case we obtain a cell border throughput gain of more than 60%. In the simulated cloverleaf setup, the length of the border towards neighbor sites is twice as long as the length of the border towards neighbor sectors. Furthermore, mobiles located close a neighbor site have worse channels compared to mobiles located close to a neighbor sector. Consequently, mobiles located at a border towards a neighbor site profit more from the additional diversity introduced by CoMP JP.
Table 2: Spectral Efficiency of different antenna configurations for reference case and JP based on I/Q samples
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Table 3: Cell border throughput of different antenna configurations for reference case and JP based on I/Q samples
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Table 2 and Table 3 show the gain of intra/inter-site CoMP JP for different antenna configurations. The basic antenna element is a cross-polarized antenna. In case of antenna configurations with 2 or 4 of these elements, we use a closely spaced linear array (CLA) with lambda/2 spacing. Again we obtain more gain in terms of cell border throughput than spectral efficiency. For spectral efficiency, the gain of inter/intra-site JP versus a reference system without JP is nearly constant. In contrast to this, the gain of cell border throughput highly depends on the antenna configuration: The more antennas every sector uses, the smaller is the cell border throughput gain of inter/intra-site JP in comparison to a system without JP. This behavior can be explained by the additional diversity that is introduced by both, a higher number of antennas per sector and JP.
Table 4: Spectral Efficiency of different antenna configurations for reference case and JP based on softbits
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Table 5: Cell border throughput of different antenna configurations for reference case and JP based on softbits
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Table 4 and Table 5 show simulation results for the case of JP based on softbits. We can see that the gain is less compared to the case using I/Q samples. But still with this cooperation scheme we increase significant the cell edge performance. 
3. Summary
We presented simulation results for different cooperation scenarios and antenna configurations. For a significant improvement of the system performance we need an inter-site cooperation, which means that we need to define the data exchange over the X2 interface. The largest gain is observed for exchanging I/Q samples, but of course, for this case, the backhaul load is very high. With a soft bit exchange the X2 interface load is decreased with still significant gain. Our proposal is to define a variable X2 interface that supports an adaption of the cooperation scheme on the backhaul capacity [3].
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Appendix: System Simulation Input Parameters
[image: image6.emf]Parameter  Assumption   Cellular Layout  Hexagonal grid, 19  cell sites, 3 sectors per site   Inter - site distance  1732 m   Distance - dependent path loss  L= 128.1   + 37.6log 10 (.R), R in kilometers   Lognormal Shadowing  Similar to UMTS 30.03   Shadowing standard deviation  8 dB   Correlation distance of Sha dowing  50    Between cells  0.5   Shadowing  correlation  Between sectors  1.0   Penetration Loss    20 dB   Antenna pattern [4] (horizontal)   (For 3 - sector cell sites with fixed antenna patterns)  
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 = 70 degrees,   A m  =  20   dB    Carrier Frequency / Bandwidth  2000 MHz / 10MHz   Channel model  Wim urban macro C2   UE speed  3 km/h   UE power class  24dBm (250mW)   Inter - cell Interference Modelling  Explicit modelling (all cells occupied by UEs)   Minimum distance between UE and cell  >= 35 meters   MCS Levels  QPSK, 16 QAM , 64 QAM  ( - 10..17dB)   Scheduler  Proportional Fair   HARQ RTD  Synchronous, non - adaptive, 8 Processes, up to 6   Retransmissions, no - frequency hopping on  retransmission   Link Adaptation  Ideal with 30% initial target BLER   Tr affic Model  Full Buffer   Number of Mobiles per Cell  10 on average   Reuse Scheme  1   Link to system interface  Mutual Information Effective SINR Mapping (MIESM)   Antenna configuration at eNodeB  1) X - polarized   2) CLA 2X (linear array of two X - polarized antenna s  with lambda/2 spacing)   3) CLA 4X (linear array of four X - polarized antennas  with lambda/2 spacing)   Node - B - Receiver Noise Figure  5dB   Receiver Type  MMSE - IRC weight calculation and application per  sector or over all sites in the active set.   Central combin ation of complex amplitude values   BS antenna gain plus cable loss  14dBi   Channel Estimation Loss  Max(1,10*log10(7/6+1/(6*SINR_lin))) [dB]   UE Transmitter  1 Antenna   Body Loss  0dBi   Power Control (UL)  Standard power control, IoT  control with 6 dB  target va lue   Control Channel Overhead  8 PRB   Pilot Overhead  2 Symbols per TTI   Channel Sounding  1 Symbol per TTI    
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