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1. Introduction

It is well known that LTE UL performance is sensitive to UL power control (PC) settings.  As defined in [1], LTE UL PC is a combination of an open-loop mechanism (OLPC) and a closed-loop mechanism (CLPC),

· The OLPC is responsible for a rough setting of UE transmit power, which compensates slow changes of path-loss (including shadowing) in order to achieve a certain mean received signal power.  
· The CLPC is used for UE-specific adjustments of the power settings, which can mitigate the impact of fast channel variations and further optimize general network performance.
The setting of PUSCH transmit power in each subframe is derived from the semi-static operating point for OLPC and dynamic offset for CLPC, according to the number of RBs actually scheduled for PUSCH transmission.  The single-cell PC formula in LTE Rel-8 PUSCH transmission is given by,
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Bearing in mind that the UL CoMP cooperating sets would typically be UE-specific, the conventional OLPC mechanism based on the pathloss from a single access point to the desired UE is not optimal to fully achieve the UL CoMP gains. 

Therefore, for UL CoMP in both homogeneous networks and heterogeneous networks, it is necessary to consider how to handle the three key OLPC parameters, namely the semi-static base level 
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, the pathloss compensation factor 
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 and the pathloss 
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This contribution is an update of [5], taking into account the UL PC considerations for CoMP in homogeneous networks as in [2] and also those in heterogeneous networks.

2. UL Power Control for CoMP in Homogeneous Networks

In [2], it was shown that for the PL in a homogeneous network with CoMP reception, it is beneficial to compensate the maximum PL from a set of reception points, rather than the PL of a single point.
3. UL Power Control for CoMP in Heterogeneous Networks 

In heterogeneous networks, the picocells or low power nodes (LPNs) are used to increase network capacity.  However, when considering the path-loss for open-loop power control in co-channel heterogeneous network deployments, it is necessary to consider the intra- and inter- cell interference, including the interference from cell-edge MUEs to the picocells, from PUEs to the macrocell, and from PUEs of picocells located at the edge of the macrocell to picocells in neighboring macrocells.

It also needs to be taken into account that the downlink transmitting set may be different from the uplink receiving set.  The transmitting power at each TP  is different in heterogeneous network deployments (typically, the transmitting power of pico cell or RRH is lower than that of a macro cell). However, the uplink obviously has one transmit power from the UE, which is received at multiple reception points.   For example, in the following figure, the RSRP from the macro is larger than that of RRH1 and RRH2, since the transmitting power of the macro is larger; therefore, the downlink transmitting set for UE1 includes the macro and RRH2, but the uplink receiving set is determined by received SINR and as a result includes RRH1 and RRH2.
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Fig. 1 DL/UL mismatch
Because of this difference, the measured downlink pathloss may be different from the pathloss that is relevant for uplink power control in a heterogeneous network. 
In [3, 4], the OLPC power settings for a macrocell and picocells were investigated, leading to the following proposals for 
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:

1. For α: Signal to each UE a gain factor to apply to the path loss - i.e. equivalent to a UE-specific component of the fractional path-loss compensation factor α, or alternatively broadcast (SIB) multiple α values, each being associated with a CSI-RS port(s) which the UE can measure to decide which α to use.

2. For P0, adopt one of the following:

1. Extend the range of the UE-specific component of P0 (e.g. by 15dB), or 

2. Introduce an additional incremental UE-specific component of P0, or 

3. Introduce the possibility to broadcast (SIB) multiple P0 values, each being associated with a CSI-RS port(s) which the UE can measure to decide which P0 to use.

 . 

In the next section, we consider the handling of the pathloss for CoMP operation in heterogeneous networks. 
4. Pathloss compensation in CoMP Heterogeneous Networks
The path-loss that is most suitable to be used for OLPC in a CoMP heterogeneous network will depend on the configuration of the antenna ports and the location of the LPNs. We consider here two possible strategies for the OLPC PL compensation in CoMP scenarios 3 and 4: a) compensate the PL of the macro cell,  b) compensate the PL of one point.
4.1 Compensating the PL of the macro cell 

For this strategy, in CoMP Scenario 3, the UE would need to be instructed (by higher layer signalling) to estimate the PL of the macrocell ID for the purpose of PL compensation. 

In CoMP Scenario 4, the antenna port 0 might be transmitted only from the macro eNB or shared between the eNB and RRH.

If antenna port 0 is transmitted only from the macro eNB, the UE will measure the PL exactly as it does in previous releases. If antenna port 0 is transmitted by both the macro and RRH, the pathloss measured by the UE would be based on the total antenna port 0 energy received from all points.  If UE is close to one point, then the pathloss from this point will plays an important role in estimation of the pathloss. However, since the transmit powers of the macro and RRHs are different, it is not clear what value of referenceSignalPower should be broadcast: for example, if referenceSignalPower is set as the macro transmitting power, then UEs close to RRHs will overestimate the relevant pathloss. Nevertheless, this can be compensated by CLPC. 
With this strategy of compensating the PL of the macrocell, the interference to the neighbour macrocells could be controlled, but the interference to LPNs in neighbouring macrocells and to any LPNs within the same macrocell that are not participating in joint reception, could not be considered.  Also, the estimated pathloss will be greater than the real uplink pathloss to LPNs that are participating in CoMP reception.
Despite these considerations, compensating the PL of the macrocell may still be a reasonable strategy for CoMP operation.

For this strategy, little specification impact is foreseen. The only change would be that in Scenario 3, higher layer signalling would be needed in order to instruct the UE to estimate the PL of the macrocell ID for the purpose of PL compensation. This might also mean that additional signalling would be needed to inform the UE of the transmit power antenna port 0 of the macrocell if the macrocell is not the serving cell and the UE cannot read the SIBs of the macrocell.
4.2 Compensating the PL of one point
If the UE can measure the path loss to multiple points, then one suitable point could be selected for the power control.  For example, as demonstrated in [2], the UE could use the greatest PL out of those measured in the set of points whose PL the UE is instructed to measure. This obviously requires the UE to be able to measure the PL of multiple points, which is not supported in the current specifications. 
If the set of points among which the UE selects the largest (or smallest) PL is chosen appropriately by the network, the interference can be reduced both within the CoMP reception set and outside it, and thus cell splitting gain can be achieved. For example, in the case of Figure 2, the UE could be instructed to use measure the PLs of RRH1 and RRH2 and select the largest (or smallest) of those for the OLPC PL compensation. 
 In the case of CoMP Scenario 4, this would require the UE to measure the PL of CSI-RS ports corresponding to the RRHs, and would also require signalling of the transmit power of these CSI-RS ports to UE. This could be by either dedicated or broadcast higher-layer signalling. 
Note that if the set of points from which the UE selects the one with the largest (or smallest) pathloss contains only one point (either a Cell ID or a CSI-RS port number in a given cell, then the specification impact of this strategy becomes identical to what is needed to support macrocell pathloss compensation for Scenario 3, as explained in Section 4.1 above. 

Therefore, the overall specification impact for the pathloss compensation to support UL CoMP involves the signalling of a set of Cell IDs and antenna port numbers, out of whose PLs the UE should select the largest (or smallest) for open loop power control, and the signaling of the transmit power of each of these Cell IDs / antenna ports.
5. Performance evaluation
In the simulation, the power control is open loop power control, with P0=-80dBm, α=0.7 for UE close to macro, and P0=-72dBm, α=0.6 for UE close to pico, where point specific parameters are used as proposed in [3].  The resource allocation in the scheduler is based on per point scheduling without multi-point cooperation.  These evaluation results of different power control strategy would be used as the benchmark for future power control study with multi-point cooperation.   The detailed simulation assumptions are shown in annex A.
Table 1 Power control options for CoMP HetNet

	Schemes
	Scenario 3
	Scenario 4

	
	
	Macrocell PL compensation (port0 from macro cell)
	Port0 PL compensation (port0 shared)
	largest PL
	smallest PL

	Macro
	Cell Avg throughput (bps/Hz/cell)
	2.05
	0.98
	2.25
	2.12
	1.76

	
	Edge UE throughput (bps/Hz/UE)
	0.089
	0.037
	0.11
	0.098
	0.06

	Pico
	Cell Avg throughput(bps/Hz/cell)
	1.35
	1.57
	0.76
	1.21
	1.41

	
	Edge UE throughput(bps/Hz/UE)
	0.094
	0.097
	0.06
	0.075
	0.098

	Cell spectral efficiency (bps/Hz/cell)
	7.46
	7.24
	5.3
	6.96
	7.42

	Cell-edge spectral efficiency (bps/Hz/UE)
	0.09
	0.05
	0.07
	0.08
	0.09

	Jain Index
	0.79
	0.68
	0.77
	0.78
	0.77


From these results, compensation of either the largest or the smallest PL among the signalled set performs well; the former favours macrocell throughput, while the latter favours picocell throughput and just maximises overall system capacity. In practice, the selection between these two schemes would depend on the deployment and traffic distribution. Therefore we propose that whether the UE should consider the largest or the smallest PL among the indicated set should also be signalled by higher layer signalling. 
6. Conclusions

In this contribution, we have discussed the UL PC operation for CoMP systems in homogeneous and heterogeneous networks.  The PUSCH performance evaluation results based on non-cooperative scheduling should be used as the benchmark for future power control evaluation with cooperative scheduling.   
The following RRC signalling changes are seen to be beneficial:

1. Path-loss: The point(s) to be used for pathloss measurements for OLPC should be signalled to the UE. 
2. For α: Signal to each UE a gain factor to apply to the path loss - i.e. equivalent to a UE-specific component of the fractional path-loss compensation factor α.  , 

3. For P0, adopt one of the following:

a. Extend the range of the UE-specific component of P0 (e.g. by 15dB), or 

b. Introduce an additional incremental UE-specific component of P0, or 
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Appendix A: Simulation Assumptions in Heterogeneous Networks
	Parameter
	Values used for evaluation

	Deployment scenarios
	Heterogeneous network with low power RRHs within the macrocell coverage

· Scenario 3: transmission/reception points created by the RRHs have different cell-ID 
· Scenario 4: transmission/reception points created by the RRHs have shared cell-ID as the macro cell
Association bias value of 0 dB RSRP is applied for scenario 3.

	Simulation case
	3GPP Spatial Channel Model (SCM) with high spread( TR 25.996)
19 macro site, 3 sectors per site, wrap round. 

	Number of low power node per macro-cell
	N = 4

	High power RRH Tx power (Ptotal)
	46dBm

	Low power node TX power (Ptotal)
	30 dBm

	Number of UEs per cell
	30

	System bandwidth
	10 MHz 

	Uplink Power control
	Open loop fractional power control
P0=-80dBm, α=0.7 for macro

P0=-72dBm, α=0.6 for pico

	Antenna configuration at base station
	For both Macro-eNB and lower power node: Co-polarized antennas separated 0.5 wavelengths

(illustration for 2 Rx: | |)

	Number of antennas at points
	2

	Number of antennas at UE
	1

	eNB Antenna tilt
	Macro-eNB: 12degrees

Low-power node: 0 degrees

	Antenna gain + connector loss
	Macro-eNB: 17 dBi

Low power node: 5 dBi

	Channel estimation
	Non-ideal, based on SRS, and DMRS. (MSE = a*SINR+ b)

	Network synchronization
	Ideal Synchronization

	UL overhead assumption
	Demodulation RS ( 2 Symbols per subframe ); sounding RS 10 ms period ; PUCCH, 4/50 RBs. (Overhead ratio: 0.2185)

	Traffic model
	Full buffer

	Link adaptation
	Non-ideal

	Clustering approach
	10dB threshold based UE specific clustering








_1374934037.unknown

_1374934045.unknown

_1377522107.vsd

_1374548223.unknown

_1374548190.unknown

