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1 Introduction
As stated in the WID of UL CoMP for LTE (RP-111365), one of the major objectives is related to uplink power control enhancements:

· Enhancements to the uplink power control for open-loop as well as closed-loop operation, e.g., to support selection of intended reception point(s), and path-loss determination and signalling that targets intended reception point(s)
In addition, at RAN1 #66 meeting, it has been suggested that the coexistence with legacy UEs should be considered in these enhancements.
In this contribution, we give our analysis on the issues for uplink power control in Scenario 3 and 4 and the potential design enhancements to address these issues. Accordingly, the simulation results are also provided to verify the performance impact on the legacy UE and the necessity for the enhancements. 
2 Discussion on the issues of UL power control for scenario 3

In Scenario 3, since the macro cell transceiver may transmit downlink signals with much higher power than the pico cell transceiver, the coverage is different for macro cell and pico cell, as shown in the following figure a. For the UE located in macro cell coverage but at the coverage boundary between macro cell and a pico cell, the received downlink signal from macro cell transceiver is stronger than that from the pico cell transceiver. Hence the UE is associated with the macro cell and receives downlink signals from macro transceiver. However, since the pathloss between UE and pico cell transceiver is much smaller than that between UE and macro cell transceiver, pico cell transceiver may receive signals from UE, or the UE has to transmit signals with much higher power to the macro cell which causes strong interference to the pico cell and potentially reduces the spectrum inefficiency for the scenario. In other words, for this UE, the downlink serving cell is the macro cell but the uplink serving cell is the pico cell. Such UL/DL imbalance case has also been addressed in [2]. 
Alternatively, the UE may benefit from uplink CoMP, i.e. both macro and pico cells receive signals from the UE, as shown in the following figure b. Pico cell transceiver takes the major role in detecting UE’s signal, since it receives much stronger signals from the UE. Hence these two cases are quite similar.
[image: image1.png]Macro cell Picocell




[image: image2.png]Macro cell Picocell





a) UL/DL imbalance






b)
UL CoMP

Figure 1. Coverage in scenario 3
The cases above may introduce new issues with the Rel.10 design for uplink power control. Following the Rel.10 design, since UE receives downlink signals from the macro transceiver, the pathloss is measured based on downlink signals from the macro cell transceiver (PLDL). The measured pathloss PLDL may be much larger than that between the UE and the pico cell transceiver PLUL (PLDL >> PLUL). With the Rel.10 design for uplink power control, UE will use the measured pathloss PLDL to calculate uplink transmit power. This results in higher than desired UE transmit power and cause strong interference to other cells. 
A possible solution with the current power control design is to configure UE with lower expected receiving power to make up for the pathloss difference, i.e. lower 
[image: image3.wmf])

(

c

,

O_UE_PUSCH

j

P

. A few issues exist for this solution. 
· The pathloss difference changes as UE moves which requires frequent higher layer signaling to adjust 
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 and incurs a lot of additional signaling overhead. 
· On the other hand, the UE receives from the macro cell the cell-specific parameters of power control, which may be quite different from that of the pico cell. These parameters include cell 
[image: image5.wmf])

(

c

PUSCH,

 

O_NOMINAL_

j

P

, pathloss compensation factor 
[image: image6.wmf]()

c

j

a

, and etc. Note that the configuration difference between the macro and pico cells cannot be fully compensated by UE-specific configurations, since the range of UE-specific configurations is small. 
In summary, pathloss, interference level, and overall power control strategy/configuration of the macro and the pico cells can be quite different. If the transmission of a UE is (mainly) received at one cell, it is reasonable for the UE to follow the power control process of that cell.
3 Discussion on the issues of UL power control for scenario 4
In CoMP scenario 4, CRS can be transmitted from all points with different transmit power in a SFN manner in the cell. The UE measures the combined signal from all the transmission points for RSRP report. On the other hand, flexible and independent DL/UL scheduling is a promising way to obtain the best performance for both uplink and downlink, considering the traffic load and interference are independent for DL and UL. It is possible that the nodes from which UE receives downlink data are different from those UE transmits uplink data to. Therefore, it results in inaccurate UL PC procedure and may not adapt easily if uplink cell splitting gain is desired.
As one example illustrated in figure 2, CRS are transmitted from all the TPs initialized with the same cell ID. Therefore, the measured RSRP by the UE is a combination of all the RSRP(i) in linear scale. Pi is the transmit power of CRS from the ith TP, and the PLi denotes the path loss from the ith TP to the UE.
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Figure 2.Mismatch of UL and DL channel in scenario 4
The PLc calculated according to the standard is a combined path loss in terms of P0, P1,…, PN-1 and PL0, PL1, … , PLN-1.
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In the uplink, it is assumed RRH3 and RRH4 are the joint reception points (the red lines in figure 2). To achieve the required uplink transmission performance, the effective PL compensation for the UE transmit power should be a function of PL3 and PL4denoted with red lines in figure 3.
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When power control is used in UL CoMP to control the total received power at the UE in order to ensure that all UEs receive a similar power level, the effective UL propagation loss can be expressed as the aggregate path loss to all reception points, i.e.
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By comparing eqs.(2) and (4), one can notice that in general 
                                                                           PLC ≠ PLeffective                                                                                              
Due to power difference of macro and pico nodes, the mismatch between PLc and PLeffective may remain also when the uplink and the downlink have exactly the same set of nodes. 

In figure 3, we investigate the gap between the measured PL and PL required for compensation for each UE in the heterogeneous network configure 1 and 4b. In the evaluation, it is assumed that CRS is sent by all the transmission points, and referenceSignalPower is the transmit power of the macro point (P0).Three kinds of joint receiving are given below:

· All Marco/RRHs: UE’s uplink signal is jointly received by all nodes in the cell

· One Macro/RRH: UE’s uplink signal is received by one node with minimum large scale fading.

· Two Macros/RRHs:  UE’s uplink signal is jointly received by two nodes with minimum two large scale fading.

The detailed assumption to obtain the results can be found in [3]. 
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Figure 3.Pathloss error in scenario 4

From the simulation results it can be observed that 

· The maximum gap between the measured PL and those required for compensation equals to the maximum difference of transmit power between macro point and low power point. (16 dB in the simulation). 

· There are more UEs with larger path loss estimation error in configure 4b than in configure 1. The reason is that more UEs are located around the pico points in configure 4b, and only the power of macro point is signaled in referenceSignalPower. 
· For both configure 1 and configure 4b, it suffers less pathloss estimation error by choosing a single point with the minimum large scale fading in uplink receiving. It is because the pathloss estimated with equation (2) is the combined pathloss assuming all points have the same power class. The estimation is the upper bound of the pathloss required for compensation. Reducing the joint transmission points requires more pathloss compensation, thus shortening the gap. 
In order to solve the mismatch problem of the measured PL and the effective PL compensation, we propose the following three solutions:
Solution 1: UE specific PL adjustment (PA)

Since the TPs and RPs for the UE are configured by eNodeB, eNodeB is capable of obtaining the difference between the measured PL and the effective PL. One feasible method is described in detail in the appendix. From the simulation results, it is known that the deviation ranges from -16 dB to 0 dB, and a signaling of 4 bit is enough to indicate it if 1 dB step is used. Consequently, the UE receive this PL adjustment (PA) signaling and correct its measured PL based on the following formula, where ΔPLc is the PL adjustment.


[image: image13.wmf]ï

þ

ï

ý

ü

ï

î

ï

í

ì

+

D

+

D

+

×

+

+

=

)

(

)

(

)

(

)

(

)

(

))

(

(

log

10

),

(

min

)

(

c

TF,

c

O_PUSCH,

c

PUSCH,

10

,

CMAX

c

PUSCH,

i

f

i

PL

PL

j

j

P

i

M

i

P

i

P

c

c

c

c

c

a

(5)
Solution 2: Enlarge the range of PO_UE
In [4], there already exists a power offset parameter,
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where PO_UE_PUSCH is defined in [5] as the UE-specific parameter ranged from -8 dB to 7 dB with 1 dB step size (in 4 bits). It was used in order to compensate the inaccuracy of channel reciprocity between downlink and uplink. It can be also applied to compensate the pathloss for CoMP scenario 4. In order to tackle both the channel reciprocity and pathloss difference in uplink power control, the dynamic range should be extended at least to (-16 dB ~ 7 dB).

Solution 3: CSI-RS based PL measurement
The CRS broadcast from all the RRHs and macro site is an important reason to cause the mismatch of path loss measure. If the UE only receive the DL reference signal from the selected RPs to measure the path loss, the exact path loss can be directly derived. CSI-RS is good choice to achieve this, since different RRH can be configured with distinct CSI-RS pattern. When the UE is informed the CSI-RS configuration and the dedicated port, the desired path loss can be computed as
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where, PLi is the measured path loss from the ith CSI-RS port that is signaled to the UE.
The simulation results in the section 3.2 verify the proposed solutions can effectively eliminate the path loss error and improve the cell edge performance dramatically. Someone may argue that the simply close loop PC is enough to solve this problem, but the disadvantage is that it requires multiple TPC commands due to its narrow range which is a waste of control signaling. On the other hand, the power control efficiency will be reduced for waiting such a long time to converge. 
3.1 Simulation results for power control in scenario 4
The detail assumption can be found in the appendix.
PC without PA: CoMP is applied. Pathloss is estimated as Equation (4) with CRS sending in SFN and referencePowerSignal is the transmit power of macro point. PO_UE is fixed with 0dB. (Baseline)
PC by PA: CoMP is applied. UE receive this PL adjustment signaling (PA) with 1 dB step size and correct its measured PL.
CSI-RS based PC/ PC by ideal PA without quantization: CoMP is applied. Ideal PA is assumed.
P0 and α are selected for each scheme respectively for the nearly same IoT values.
Table 1.Configure 1, 1Tx-2Rx

	　
	PC without PA
(α, P0)=(0.6,-63)
	PC by PA
(α, P0)=(0.6,-57)
	CSI-RS based PC
(α, P0)=(0.6,-57)

	　
	Spectral efficiency (bps/Hz) 
	Spectral efficiency (bps/Hz) 
	Gain
	Spectral efficiency (bps/Hz) 
	Gain

	Cell average 
	10.0542 
	9.5809 
	-4.71%
	9.4894 
	-5.62%

	Cell edge 
	0.0189 
	0.0381 
	101.59%
	0.0382 
	102.12%

	IoT (dB)
	9.92 
	9.63 
	9.42 


Table 2.Configure 1, 1Tx-4Rx
	　
	PC without PA
(α,P0)=(0.7,-63)
	PC by PA
(α, P0)=(0.6,-50)
	CSI-RS based PC
(α, P0)=(0.6,-50)

	　
	Spectral efficiency (bps/Hz) 
	Spectral efficiency (bps/Hz) 
	Gain
	Spectral efficiency (bps/Hz) 
	Gain

	Cell average 
	12.2265 
	13.8488 
	13.27%
	13.7971 
	12.85%

	Cell edge 
	0.0518 
	0.0671 
	29.54%
	0.0687 
	32.63%

	IoT (dB)
	12.46 
	10.64 
	10.47 


Table 3.Configure 4b, 1Tx-2Rx
	　
	PC without PA
(α, P0)=(0.6,-63)
	PC by PA
(α, P0)=(0.6,-57)
	CSI-RS based PC
(α, P0)=(0.6,-57)

	　
	Spectral efficiency (bps/Hz) 
	Spectral efficiency (bps/Hz) 
	Gain
	Spectral efficiency (bps/Hz) 
	Gain

	Cell average 
	11.4515 
	10.8071 
	-5.63%
	10.7754 
	-5.90%

	Cell edge 
	0.0217 
	0.0369 
	70.05%
	0.0376 
	73.27%

	IoT (dB)
	11.62 
	10.41 
	10.08 


Table 4.Configure 4b, 1Tx-4Rx
	　
	PC without PA
(α, P0)=(0.7,-63)
	PC by PA
(α, P0)=(0.7,-57)
	CSI-RS based PC
(α, P0)=(0.7,-57)

	　
	Spectral efficiency (bps/Hz) 
	Spectral efficiency (bps/Hz) 
	Gain
	Spectral efficiency (bps/Hz) 
	Gain

	Cell average 
	15.9083 
	16.0438 
	0.85%
	16.0046 
	0.61%

	Cell edge 
	0.0591 
	0.0915 
	54.82%
	0.0936 
	58.38%

	IoT (dB)
	12.30 
	10.57 
	10.34 


4  Discussion on the issues of UL power control for random access procedure
In scenario 4, the aforementioned power control problem also occurs during random access procedure. The PRACH power control can be expressed by 

PPRACH = min{
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where PREAMBLE_RECEIVED_TARGET_POWER is a broadcasted component and PLc is the downlink path loss estimate in the UE. It has been proved the UE will overestimate the path loss based on CRS for either joint reception or single point reception. That is to say, the UE will send PRACH at an undesirable high transmission power, which will lead to UE battery consumption and high interference. This consumption and interference is even more serious than that of other channels due to the full path loss compensation.
To cope with the mismatch compensation for path loss, possible solutions proposed by most companies are summarized as below

· UE specific adjustment

· CSI-RS based measurement
However, these schemes may not be capable to apply for random access procedure without resorting to special design. The reasons are that both UE specific adjustment and CSI-RS configuration are signaled via RRC signaling or dynamic signaling, but these signaling cannot be obtained prior to the random access procedure. Therefore, potential schemes should be carefully investigated.
5 Discussion on the issues of UL power control for SRS
SRS is mainly used to measure the UL channel state for PUSCH link adaptation, so in traditional power control mechanism, the SRS always follows the PUSCH power control with a relative power offset. For TDD system, the SRS is also needed to measure the DL channel state via reciprocity. Therefore when there is mismatch between DL link and UL link channel in scenario 3 and 4, SRS power control should take both DL link and UL link into consideration to make sure that the target TPs or RPs can receive the SRS at a sufficient receiving power level [6-7].
Therefore, SRS power control needs to be enhanced to deal with this issue. We think the following schemes are worth further investigation,
Solution 1: Define a new set of 
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  (9)
We assume the SRS for the UL channel state measurement adopts the above power control equation. The semi-statically configured parameter 
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is a relative power offset to PUSCH, and it ensures the SRS arrives at the RP at a reasonable power so that the channel estimation accuracy can be guaranteed. In general, the path loss from the UE to the TP may be much larger than the path loss to the RP due to different point selection principle. To compensate the additional path loss to the TP, a simple way is to define new set of 
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 intentionally for DL link measurement. For instance, 
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Solution 2: Define a new offset to the existing SRS power control formula
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 denotes the difference between the path loss of the UL channel and DL channel. 0dB should be included in the possible values of 
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to be backward compatible. But if solution 1 in section 3 is assumed as the PUSCH power control scheme, then two additional offset parameters 
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have to be factored into the SRS power control formula. It seems a litter bit complicated for standardization. A simpler alternative is to enlarge the range of PSRS_OFFSET to compensate the potential pathloss difference for TP and RP.
Solution 3: Different CSI-RS configuration for DL/UL path loss measurement
CSI-RS configuration of the TP for DL channel state feedback is mandatory. In addition, to satisfy the UL channel path loss measurement accuracy, the CSI-RS of the RP can also be configured. 
For PUSCH, the UE always estimate the path loss based on the CSI-RS configuration of the RP. But regarding SRS, according to the indication signaling, the UE can choose to use the path loss according to the CSI-RS configuration of TP or RP. The parameter pathlossReferenceLinking can be reused to indicate the corresponding CSI-RS configuration. If more flexibility is required, dynamical selection can be considered. For example, different DCI format triggering SRS can indicate the selection of the CSI-RS configuration.
Solution 4: UL DMRS can be used for the DL channel measurement
To maintain the backward compatibility, the SRS can always target to the identical RP as PUSCH. UL DMRS can be exploited as SRS to aid in the DL channel measurement. Therefore the definition for DMRS power control is required to satisfy the DL channel measurement requirement.
Proposal: SRS power control enhancement should be enhanced to enable proper uplink channel measurement for both TPs and RPs, especially for TDD system.
6 Conclusions
In this contribution, the UL power control issues are investigated for deployment scenarios with low power RRHs. The following observations have been made

·   In scenario 4, the R10 power control mechanism will lead to more than 30% performance loss for cell edge users due to the path loss measurement ambiguity. 
·   Both UE specific power adjustment and CSI-RS based measurement can effectively eliminate the path loss measurement error and improve the cell edge performance to a great extent.
·   UE specific power adjustment and CSI-RS based path loss measurement can not apply for random access procedure.
According to the above observations, we proposed that 
· For the PUSCH ,PUCCH and SRS channel, the following three solutions should be considered for power control 
· UE specific PL adjustment (PA)
· Enlarge the range of PO_UE
· CSI-RS based path loss measurement
· For the random access procedure, other power control methods should be investigated. 

·  SRS power control enhancement should be enhanced to enable proper uplink channel measurement for both TPs and RPs, especially for TDD system.
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Appendix A:

It is assumed that the received signal power is RSRP, N is the number of all the macro site and RRHs, Pi represents the transmit power of the ith TP, and PLi denotes the ith TP to the UE.


[image: image34.wmf](

)

1

10

10

0

RSRP10log10

ii

PPL

N

i

-

-

=

æö

=

ç÷

ç÷

èø

å

,                                               (A.1)


[image: image35.wmf]i

a

 is defined as the transmit power difference between the ith TP and the macro site, it can be expressed as
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 denotes the path loss difference between the ith  TP and the macro site, it can expressed as
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eNodeB can obtain 
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 by means of measuring SRS, PUCCH or PUSCH at each receiving points in uplink.

According to equation (A.2) and (A.3), we can get

                                                
[image: image40.wmf]00

iiii

PPLPPL

ab

-=++-

.                                               (A.4)

If we replace the Pi –PLi in equation (A.1) by equation (A.4), then RSRP can be expressed as below
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Equivalently, PL0 can be derived as
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If the selected reception point set is assumed as RP set, then the target path loss required to be compensated should be
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Combined with equation (A.3), equation (A.7) can be transformed as
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The above equation can be rewritten as equation (A.9), if we take equation (A.6) into (A.8)
                            
[image: image45.wmf]()

1

1010

target010

0R

RSRP10log1010

iii

N

ii

PLP

abb

+

-

=Î

æö

ç÷

=-+

ç÷

èø

åå

.                        (A.9)

From the following formula, 
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Appendix B:

	Parameter 
	Values used for evaluation 

	Deployment scenarios 
	 1 cell with N low-power nodes as starting point 

	Number of low power node per macro-cell 
	Configuration #1 or 4b [TR 36.814] with N low power nodes per macro cell, Baseline: N = 4 

	Maximal UE TX power 
	24 dBm 

	Placing of UE
	Config 1 or 4b

	Duplex mode 
	FDD 

	System bandwidth 
	10 MHz 

	Transmission schemes 
	Joint reception 

	Maximum cooperative cells 
	5 

	Cooperative cell selection 
	Pathloss-based (threshold is 6dB for basic evaluation) 

	Network synchronization 
	Synchronized 

	Number of antennas at cooperative point 
	2 or 4 for Macro cell, 2 or 4 for LPN 

	Number of antennas at UE 
	1 Tx 

	Antenna configuration 
	Cross polar 

	Antenna pattern 
	For macro eNB: 3D, For low-power node: 2D 

	Feedback scheme (e.g. CQI/PMI/RI/SRS) 
	Ideal, the ideal channel matrix of the SRS covered area is obtained in the eNB 

	Scheduler 
	Proportional Fair 

	Channel estimation 
	Ideal channel estimation 

	UE receiver 
	MMSE+MRC (MMSE at each cell in the CoMP set; MRC for combination of signals from cells in the CoMP set at the serving cell) 

	Traffic model 
	Full buffer 

	Backhaul assumptions 
	[point-to-point fiber, zero] latency and infinite capacity 

	Link adaptation 
	Channel estimation based on the ideal channel matrix of the SRS covered band. The MCS is calculated according to the combined SINR at the receiving points. 

	HARQ 
	CC, Maximum 3 transmission 
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Macro cell and pico cells share the same cell ID
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