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1
Introduction

In this contribution we discuss some aspects of UL power control in Rel-11 HetNet CoMP.  
2
Discussion

We will focus on the two heterogeneous CoMP scenarios: 

· RRH CoMP Scenario 3:   RRH with different cell ID
· Cell splitting gain can be easily achieved by scheduling different users to different RRH

· RRH CoMP Scenario 4:  RRH with the same cell ID, the Macro and RRH form a virtual large cell with centralized scheduling

· SFN gain can be achieved but not cell splitting gain for control

In the case of Scenario 3, cell range expansion can be achieved by either
· PSS/SSS/CRS/PBCH interference cancellation
· Decoupled data and control

Scenario 3 with decoupled control is shown in Figure 1. 
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Figure 1   UE in the range expansion area in Scenario 3

A UE at a similar location is shown in Figure 2 for Scenario 4. 
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Figure 2   UE in the range expansion area in Scenario 4

A common feature of the scenarios shown in Figures 1 and 2 is that the UE derives the DL pathloss from a transmission point other than the dominant UL reception point. This has some implications on the UL power control as will be discussed next.  

Note that the same issue doesn’t exist when the UE is capable of interference cancellation and can connect directly to the UL reception point in Scenario 3. 

2.1
UE Open Loop Power Control
As mentioned before, the UE will derive its DL pathloss estimate from the ‘wrong cell’, i.e. from a transmission point other than the dominant UL reception point in the cases depicted in Figures 1 and 2. 
We don’t believe though that this discrepancy represents a source of large performance degradation as will be discussed next. 
The open loop power control error comes from two sources: 

1. The pathloss is calculated with a different referenceSignalPower assumption than that of the intended reception point

2. The DL RSRP represents the channel path loss to a transmission other than the intended UL reception point
Note that these two effects are not independent or cumulative. 

Note that 1. represents a static error that will be compensated for by the closed loop power control. The most significant effect of 1. is that the initial PRACH transmission may occur at too high power level. This can be avoided by setting the access parameters so that the first PRACH preamble is sent at a reduced power level. For some UEs not in the UL coverage area of a low power RRH, this will result in some access delay because it will take multiple access attempts to get to the right power level.  However, it is not at all clear if this represent any noticeable performance loss. 
Note that 2. represents a more dynamic error.  When a DL pathloss change occurs due to UE mobility, the UL pathloss change can be largely uncorrelated since the DL and UL may correspond to different points.  We should consider however, that high mobility is not typical in the context of low power RRH deployment.  Therefore it is expected that the incorrect open loop adjustments can be reasonably well compensated for by the closed loop power control.  

We can reduce the effect of incorrect open loop power control by turning it off, therefore we propose the following changes in Rel-11:

Proposal 1: 

Allow UE-specific setting of the PUSCH power control parameter 
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.  With this change, the open loop power control can be disabled for the range expansion UEs, i.e. those UEs that would derive the DL pathloss estimate from the wrong source.  For other UEs, the open loop can be used unchanged. 
Proposal 2: 

Introduce a UE-specific parameter 
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 for the PUCCH power control.  This parameter should have at least {0, 1} as allowed settings. With this change, the open loop power control can be disabled for the range expansion UEs, i.e. those UEs that would derive the DL pathloss estimate from the wrong source.  
Proposal 3: 

If Proposal 1 and 2 are adopted then there is no need to introduce more complex new features such as CSI-RS based open loop power control.  
2.1.1
Indirect UL Power Control
In order to achieve the correct UL power control in the cases discussed so far, it is necessary that, at least for certain UEs, a different point derives the TPC command and a different point transmits the TPC command to the UE. This requires that the power control information is forwarded from one point to another via the backhaul. This mechanism is illustrated in Figure 3 below. 
[image: image5.png]RRH1

DL control

.
TA Commands TPC~ ULPUCCH/ Backhaul
PUSCH  communication




Figure 3   Indirect CL power control mechanism for a UE in the range expansion area in CoMP Scenario 3

Note that in a practical implementation, the actual signal reception point and the point where the scheduling and control logic resides may be different, so what is represented in Figure 3 is in a sense information flow, not necessarily actual messaging. 
An example of the indirect UL power control is shown in Figure 4. 
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Figure 4   Example UL power control operation
In the example shown in Figure 4, 
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 was assumed.  With 
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, the power control errors would be smaller.  
2.1.2
PRACH Power Control

A typical new CoMP scenario is that the UE derives DL pathloss estimate from a higher power node that may be at a larger distance from the UE than the closest potential UL reception point, which may be a low power RRH. The initial PRACH transmission may occur at too high power level in these cases. This can be avoided by setting the access parameters so that the first PRACH preamble is sent at a reduced power level. For some UEs not in the UL coverage area of a low power RRH, this will result in some access delay because it will take multiple access attempts to get to the right power level.  However, this probably doesn’t represent a significant performance loss. 
3
Performance Comparison of Various PC Algorithms

This section presents performance comparison of the the following approaches:

1. UL power control based on CRS  

2. UL power control based on CSI-RS 

3.1.
Simulation Setup

The simulation setup follows the evaluation methodology in 36.814, and briefly summarized below:
1. Path loss model:
a. Model 1:
i. Macro to UE: 
1. L= 128.1+37.6log10(R), for 2 GHz, R in km 
ii. Pico to UE:
1. L=140.7+36.7log10(R)  for 2GHz, R in km
2. Antenna model:

a. Antenna gain:
i.  Macro cell 14 dB, Pico cell 5 dB
b.  Beam-width:
i.  70 degree for Azimuth, 10 degree for elevation
c.  Antenna down tilt: 15 degree from Macro. 
d.  Combined noise floor for both azimuth and elevation is 25 dB
e.  Base station heights: 
i. 25m for Macro, 10m for RRH
3. Mobility modeling:

a. UE is dropped randomly in the cell
b. UE coordinates updated according to UE speed and direction
c. If the UE’s distance is larger than 300 m from any cell, then it will change to a random moving direction 
d. Power control command is issued if the desired SINR differs from the measured SINR 
4. Handover modeling:

a. Handover decision between two cells depends on the following factors:
i. Different Tx power in HetNet 
ii. Handover bias
iii. Hysteresis from eNB implementation and/or RRM triggering event
b. For simplicity, we will assume the following HO criterion for DL associtation:
i. P_1-PL_1>P_2-PL_2+Bias_12  ( UE is handed over to P1
ii. P_2-PL_2>P_1-PL_1+Bias_21 ( UE is handed over to P2
1. Default value for Macro power is 46 dBm, for RRH is 30 dBm 
2. Default value for Bias: 9 dB
c. For UL association, we will use least PL to the UL cell

5. Pathloss and SNR measurement error modeling:

a. CRS based PL measurement error uniformly distributed among [-1dB, 1dB]. Measurement error is updated every 200ms.

b. CSI-RS based RSRP measurement noise uniformly distributed among [-2dB, 2dB]. Measurement error is updated every 200ms. CSI-RS reconfiguration has 50ms delay.

c. UL SINR measurement noise uniformly distributed among [-2dB, 2dB], and SNR is averaged over 20 ms for power control update. 

Note that in [10], the following was agreed for the DL cell selection: 
	Downlink cell selection (CRE)
	[0, 6] dB (mandatory)     [16] dB (optional)

Note: downlink cell selection decides the PCI used by each UE.


Since there was a subsequent agreement on a 9dB DL bias, we used this assumption in the simulations instead of [0, 6] dB. 
3.2.
Simulation Results
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Figure 5   Example of a Simulation Run at 30 Km/hr
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Figure 6 Example of Path Loss Changes
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Figure 7 Example of DL Serving Cell Changes
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Figure 8 Example of UL Serving Cell Changes

	
	
	
	PC commands for 30 km/hr

	Scenario 3 
	CRS based PL measurement 
	Open loop adjustment 
	79

	
	
	No open loop 
	210

	
	CSI-RS based PL measurement 
	
	370

	Scenario 4 
	CRS based PL measurement 
	No open loop 
	210

	
	CSI-RS based PL measurement
	
	370


Table 1. Simulation Results 
3.3.
Discussions of the PC Evaluations

A few observations from these simulation results:

1. The CRS based power control performs better than CSI-RS based power control for the following reasons:
a. CRS from one antenna port is transmitted on 8 tones per RB within a subframe and is transmitted on every subframe

b. CSI-RS from one antenna port is transmitted on 1 tone per RB within a subframe and is transmitted sparsely in time

i. With CSI-RS scheduled every 10 ms, for example, the density of CSI-RS is 80 times less than CRS

ii. On the other hand, CSI-RS can be scheduled with better reuse, which will offset some of the performance loss 
iii. Considering both these factors, we have considered slightly higher PL measurement error of maximum 2 dB instead of 1 dB. 
2. With mobility, eNB has to closely monitor the UE’s UL association to assign the correct CSI-RS. The signaling overhead as well as reconfiguration delay will further reduce the accuracy of CSI-RS based power control. 

3. For Scenario 3, CRS based power control with path loss compensation performs best. For Scneario 4, where CRS represents combined channel from all nodes, CRS based power control without path loss compensation performs best. 
4. As these results show, CRS based power control performs better than CSI-RS based power control.
4
Conclusions

We discussed some considerations for the CoMP UL power control and also showed performance comparison between current CRS based power control and potential CSI-RS based power control. 

Based on these results and analysis, we make the following suggestions:
Proposal 1: 

Allow UE-specific setting of the PUSCH power control parameter 
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.  With this change, the open loop power control can be disabled for the range expansion UEs, i.e. those UEs that would derive the DL pathloss estimate from the wrong source.  For other UEs, the open loop can be used unchanged. 
Proposal 2: 

Introduce a UE-specific parameter 
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 for the PUCCH power control.  This parameter should have at least {0, 1} as allowed settings. With this change, the open loop power control can be disabled for the range expansion UEs, i.e. those UEs that would derive the DL pathloss estimate from the wrong source.  
Proposal 3: 

If Proposal 1 and 2 are adopted then there is no need to introduce more complex new features such as CSI-RS based open loop power control.  
The CoMP coordination should include capability of indirect closed loop power control wherein one point transmits power control commands to a UE whose UL transmission is received by a different point. 
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