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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 1a. 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 efficiency for the scenario. To enhance performance, for this UE, the downlink serving cell is the macro cell while 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.
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Figure 1. Coverage in scenario 3
These two cases may introduce new issues with the Rel.10 design of uplink power control. 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 
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. 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. 
· In addition, 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-specific 
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, 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 the 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. 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 an combined path loss 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. To achieve the required uplink transmission performance, the effective PL compensation for the UE transmit power should be a function of PL3 and PL4 denoted with the red line in figure 2.
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It is obvious that
                                                                           PLC ≠ PL_effective                                                                                                  (4)
It is noted that, due to power difference of macro and pico nodes, Equation (4) is true even when the uplink and the downlink have exactly the same set of nodes.
In figure 3, we investigate the gap between the estimated PL and effective 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 the minimum two large scale fading values.

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 configuration 4b than in configuration 1. The reason is that more UEs are located around the pico points in configuration 4b, and only the power of macro point is signaled in referenceSignalPower. 
· For both configuration 1 and configuration 4b, there is 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 target PL compensation, we consider the following two alternative solutions:
Solution 1: UE specific PL adjustment (PA)

Since the transmission points and reception points for the UE are configured by eNodeB, eNodeB is capable of obtaining the difference between the measured PL and the target 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 receives this PL adjustment (PA) signaling and corrects its measured PL based on the following formula, where the new parameter ΔPLc is the PL adjustment.
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Note that 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 to compensate the inaccuracy of channel reciprocity between downlink and uplink. Note that for 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 2: 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 can be used 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. 
Although close loop PC may be used to solve this problem, the disadvantage is that it requires multiple TPC commands due to its narrow range which may increase signaling overhead. 
3.2 Simulation results for power control in scenario 4
System level evaluation is provided here to compare the following power control schemes for scenario 4. 
· Non CoMP: No CoMP is applied. Each UE is served by only one TP same as in the case of scenario 3 without CoMP.

· PC without PA: CoMP is applied. Pathloss is estimated as Equation (2) with CRS sending in SFN and referencePowerSignal is the transmit power of macro point. PO_UE is fixed with 0dB.
· PC by PA (solution 1): 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 quantized (solution 2): CoMP is applied. Ideal PA is assumed.
The detail assumption can be found in the appendix.
Table 2.Configuration 1
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Table 4.Configuration 4b
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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 showed 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 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 3, DL/UL imbalance affects the uplink power control performance of Rel-10 design. 
·   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 error.
Both UE specific power adjustment and CSI-RS based measurement can effectively eliminate the path loss measurement error and improve the cell edge performance significantly.
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 
· In scenario 3, 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.
· In scenario 4, for the PUSCH ,PUCCH and SRS channel, the following two solutions should be considered for power control 
· UE specific PL adjustment (PA)
· CSI-RS based path loss measurement
· For the random access procedure, other power control methods should be investigated. 
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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.
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 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
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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)
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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 

	UL power control 
	P0 = -57, α = 0.6 











_1372145777.unknown

_1374076759.unknown

_1378901103.unknown

_1378901318.unknown

Sheet1

		Configure 1		1Tx-2Rx

				Non CoMP 		Legacy PC				PC by P_O_UE				PC by PA				ideal PC										Non CoMP 				Legacy PC				PC by P_O_UE		PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP								Spectral efficiency (bps/Hz) 		Gain over PC by P_O_UE		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		8.2972		10.6366		28.20%		10.4216		25.60%		9.5809		15.47%		9.4894		14.37%						Cell average 		8.2972		-20.38%		10.6366		2.06%		10.4216		9.5809		-8.07%		9.4894		-8.94%

		Cell edge 		0.0306		0.0203		-33.66%		0.0292		-4.58%		0.0381		24.51%		0.0382		24.84%						Cell edge 		0.0306		4.79%		0.0203		-30.48%		0.0292		0.0381		30.48%		0.0382		30.82%

		IoT (dB)				15.19				11.81				9.63				9.42



		Configure 1		1Tx-4Rx

				Non CoMP 		Legacy PC				PC by P_O_UE				PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		12.3239		13.5770		10.17%		13.8930		12.73%		13.3916		8.66%		13.2981		7.90%

		Cell edge 		0.0650		0.0476		-26.77%		0.0661		1.69%		0.0781		20.15%		0.0803		23.54%

		IoT (dB)				0.00				0.00				0.00				0.00

		Configure 4b		1Tx-2Rx

				Non CoMP 		Legacy PC				PC by P_O_UE				PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		9.3388		11.9146		27.58%		11.4913		23.05%		10.8071		15.72%		10.7754		15.38%

		Cell edge 		0.0336		0.0232		-30.95%		0.0291		-13.39%		0.0369		9.82%		0.0376		11.90%

		IoT (dB)				0.00				0.00				0.00				0.00

		Configure 4b		1Tx-4Rx

				Non CoMP 		Legacy PC				PC by P_O_UE				PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		14.0841		15.9720		13.40%		15.8196		12.32%		15.4398		9.63%		15.3577		9.04%

		Cell edge 		0.0617		0.0515		-16.53%		0.0684		10.86%		0.0809		31.12%		0.0809		31.12%

		IoT (dB)				0.00				0.00				0.00				0.00
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Sheet2

		Configure 1		1Tx-2Rx

				Non CoMP 		Legacy PC				PC by P_O_UE				PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		8.1149		9.6350		18.73%		10.4365		28.61%		9.4852		16.89%		9.3072		14.69%

		Cell edge 		0.0311		0.0170		-45.34%		0.0262		-15.76%		0.0372		19.61%		0.0386		24.12%

		Configure 1		1Tx-4Rx

				Non CoMP 		Legacy PC				PC by P_O_UE				PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		12.3278		11.4685		-6.97%		13.4914		9.44%		13.4681		9.25%		13.3535		8.32%

		Cell edge 		0.0610		0.0421		-30.98%		0.0580		-4.92%		0.0772		26.56%		0.0786		28.85%

		Configure 4b		1Tx-2Rx

				Non CoMP 		Legacy PC				PC by P_O_UE				PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		9.0711		12.1081		33.48%		11.7132		29.13%		10.7491		18.50%		10.0620		10.92%

		Cell edge 		0.0384		0.0170		-55.73%		0.0299		-22.14%		0.0422		9.90%		0.0437		13.80%

		Configure 4b		1Tx-4Rx

				Non CoMP 		Legacy PC				PC by P_O_UE				PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		13.9962		15.5229		10.91%		15.9026		13.62%		15.5015		10.76%		15.3912		9.97%

		Cell edge 		0.0690		0.0408		-40.87%		0.0649		-5.94%		0.0866		25.51%		0.0863		25.07%









Sheet3

		Configure 1		1Tx-2Rx

				Non CoMP 		Legacy PC				PC by P_O_UE				PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		8.2972		10.6366		28.20%		10.4216		25.60%		9.5809		-8.07%		9.4894		-8.94%

		Cell edge 		0.0306		0.0203		-33.66%		0.0292		-4.58%		0.0381		30.48%		0.0382		30.82%

		IoT (dB)				15.19				11.81				9.63				9.42



		Configure 1		1Tx-4Rx

				Non CoMP 		Legacy PC				PC by P_O_UE				PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		12.3239		13.5770		10.17%		13.8930		12.73%		13.3916		-3.61%		13.2981		-4.28%

		Cell edge 		0.0650		0.0476		-26.77%		0.0661		1.69%		0.0781		18.15%		0.0803		21.48%

		IoT (dB)				9.59				6.98				5.61				5.47



		Configure 4b		1Tx-2Rx

				Non CoMP 		Legacy PC				PC by P_O_UE				PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		9.3388		11.9146		27.58%		11.4913		23.05%		10.8071		-7.33%		10.7754		-6.23%

		Cell edge 		0.0336		0.0232		-30.95%		0.0291		-13.39%		0.0369		26.80%		0.0376		29.21%

		IoT (dB)				17.22				13.19				10.41				10.08



		Configure 4b		1Tx-4Rx

				Non CoMP 		Legacy PC				PC by P_O_UE				PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		14.0841		15.9720		13.40%		15.8196		12.32%		15.4398		-2.40%		15.3577		-2.92%

		Cell edge 		0.0617		0.0515		-16.53%		0.0684		10.86%		0.0809		18.27%		0.0809		18.27%

		IoT (dB)				9.22				6.19				4.67				4.53
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Sheet4

		Configure 1		1*2

				PC by P_O_UE		PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		10.4216		9.5809		-8.07%		9.4894		-8.94%

		Cell edge 		0.0292		0.0381		30.48%		0.0382		30.82%

		IoT (dB)		11.81		9.63				9.42



		Configure 1		1*4

				PC by P_O_UE		PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		13.8930		13.3916		-3.61%		13.2981		-4.28%

		Cell edge 		0.0661		0.0781		18.15%		0.0803		21.48%

		IoT (dB)		6.98		5.61				5.47



		Configure 4b		1*2

				PC by P_O_UE		PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		11.4913		10.8071		-5.95%		10.7754		-6.23%

		Cell edge 		0.0291		0.0369		26.80%		0.0376		29.21%

		IoT (dB)		13.19		10.41				10.08



		Configure 4b		1*4

				PC by P_O_UE		PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		15.8196		15.4398		-2.40%		15.3577		-2.92%

		Cell edge 		0.0684		0.0809		18.27%		0.0809		18.27%

		IoT (dB)		6.19		4.67				4.53





Sheet5

		Configure 1		1Tx-2Rx

				Non CoMP 		 PC withou PA				PC by PA				CSI-RS based PC/
PC by ideal PA without quantized

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		8.2972		10.6366		28.20%		9.5809		15.47%		9.4894		14.37%

		Cell edge 		0.0306		0.0203		-33.66%		0.0381		24.51%		0.0382		24.84%

		IoT (dB)				15.19				9.63				9.42



		Configure 1		1Tx-4Rx

				Non CoMP 		 PC without PA				PC by PA				CSI-RS based PC/
PC by ideal PA without quantized

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		12.3239		13.5770		10.17%		13.3916		8.66%		13.2981		7.90%

		Cell edge 		0.0650		0.0476		-26.77%		0.0781		20.15%		0.0803		23.54%



		Configure 4b		1Tx-2Rx

				Non CoMP 		 PC withou PA				PC by PA				CSI-RS based PC/
PC by ideal PA without quantized

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		9.3388		11.9146		27.58%		10.8071		15.72%		10.7754		15.38%

		Cell edge 		0.0336		0.0232		-30.95%		0.0369		9.82%		0.0376		11.90%

		IoT (dB)				17.22				10.41				10.08



		Configure 4b		1Tx-4Rx

				Non CoMP 		 PC withou PA				PC by PA				CSI-RS based PC/
PC by ideal PA without quantized

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		14.0841		15.9720		13.40%		15.4398		9.63%		15.3577		9.04%

		Cell edge 		0.0617		0.0515		-16.53%		0.0809		31.12%		0.0809		31.12%

		IoT (dB)				9.22				4.67				4.53
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Sheet1

		Configure 1		1Tx-2Rx

				Non CoMP 		Legacy PC				PC by P_O_UE				PC by PA				ideal PC										Non CoMP 				Legacy PC				PC by P_O_UE		PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP								Spectral efficiency (bps/Hz) 		Gain over PC by P_O_UE		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		8.2972		10.6366		28.20%		10.4216		25.60%		9.5809		15.47%		9.4894		14.37%						Cell average 		8.2972		-20.38%		10.6366		2.06%		10.4216		9.5809		-8.07%		9.4894		-8.94%

		Cell edge 		0.0306		0.0203		-33.66%		0.0292		-4.58%		0.0381		24.51%		0.0382		24.84%						Cell edge 		0.0306		4.79%		0.0203		-30.48%		0.0292		0.0381		30.48%		0.0382		30.82%

		IoT (dB)				15.19				11.81				9.63				9.42



		Configure 1		1Tx-4Rx

				Non CoMP 		Legacy PC				PC by P_O_UE				PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		12.3239		13.5770		10.17%		13.8930		12.73%		13.3916		8.66%		13.2981		7.90%

		Cell edge 		0.0650		0.0476		-26.77%		0.0661		1.69%		0.0781		20.15%		0.0803		23.54%

		IoT (dB)				0.00				0.00				0.00				0.00

		Configure 4b		1Tx-2Rx

				Non CoMP 		Legacy PC				PC by P_O_UE				PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		9.3388		11.9146		27.58%		11.4913		23.05%		10.8071		15.72%		10.7754		15.38%

		Cell edge 		0.0336		0.0232		-30.95%		0.0291		-13.39%		0.0369		9.82%		0.0376		11.90%

		IoT (dB)				0.00				0.00				0.00				0.00

		Configure 4b		1Tx-4Rx

				Non CoMP 		Legacy PC				PC by P_O_UE				PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		14.0841		15.9720		13.40%		15.8196		12.32%		15.4398		9.63%		15.3577		9.04%

		Cell edge 		0.0617		0.0515		-16.53%		0.0684		10.86%		0.0809		31.12%		0.0809		31.12%

		IoT (dB)				0.00				0.00				0.00				0.00
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Sheet2

		Configure 1		1Tx-2Rx

				Non CoMP 		Legacy PC				PC by P_O_UE				PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		8.1149		9.6350		18.73%		10.4365		28.61%		9.4852		16.89%		9.3072		14.69%

		Cell edge 		0.0311		0.0170		-45.34%		0.0262		-15.76%		0.0372		19.61%		0.0386		24.12%

		Configure 1		1Tx-4Rx

				Non CoMP 		Legacy PC				PC by P_O_UE				PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		12.3278		11.4685		-6.97%		13.4914		9.44%		13.4681		9.25%		13.3535		8.32%

		Cell edge 		0.0610		0.0421		-30.98%		0.0580		-4.92%		0.0772		26.56%		0.0786		28.85%

		Configure 4b		1Tx-2Rx

				Non CoMP 		Legacy PC				PC by P_O_UE				PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		9.0711		12.1081		33.48%		11.7132		29.13%		10.7491		18.50%		10.0620		10.92%

		Cell edge 		0.0384		0.0170		-55.73%		0.0299		-22.14%		0.0422		9.90%		0.0437		13.80%

		Configure 4b		1Tx-4Rx

				Non CoMP 		Legacy PC				PC by P_O_UE				PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		13.9962		15.5229		10.91%		15.9026		13.62%		15.5015		10.76%		15.3912		9.97%

		Cell edge 		0.0690		0.0408		-40.87%		0.0649		-5.94%		0.0866		25.51%		0.0863		25.07%









Sheet3

		Configure 1		1Tx-2Rx

				Non CoMP 		Legacy PC				PC by P_O_UE				PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		8.2972		10.6366		28.20%		10.4216		25.60%		9.5809		-8.07%		9.4894		-8.94%

		Cell edge 		0.0306		0.0203		-33.66%		0.0292		-4.58%		0.0381		30.48%		0.0382		30.82%

		IoT (dB)				15.19				11.81				9.63				9.42



		Configure 1		1Tx-4Rx

				Non CoMP 		Legacy PC				PC by P_O_UE				PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		12.3239		13.5770		10.17%		13.8930		12.73%		13.3916		-3.61%		13.2981		-4.28%

		Cell edge 		0.0650		0.0476		-26.77%		0.0661		1.69%		0.0781		18.15%		0.0803		21.48%

		IoT (dB)				9.59				6.98				5.61				5.47



		Configure 4b		1Tx-2Rx

				Non CoMP 		Legacy PC				PC by P_O_UE				PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		9.3388		11.9146		27.58%		11.4913		23.05%		10.8071		-7.33%		10.7754		-6.23%

		Cell edge 		0.0336		0.0232		-30.95%		0.0291		-13.39%		0.0369		26.80%		0.0376		29.21%

		IoT (dB)				17.22				13.19				10.41				10.08



		Configure 4b		1Tx-4Rx

				Non CoMP 		Legacy PC				PC by P_O_UE				PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		14.0841		15.9720		13.40%		15.8196		12.32%		15.4398		-2.40%		15.3577		-2.92%

		Cell edge 		0.0617		0.0515		-16.53%		0.0684		10.86%		0.0809		18.27%		0.0809		18.27%

		IoT (dB)				9.22				6.19				4.67				4.53
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Sheet4

		Configure 1		1*2

				PC by P_O_UE		PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		10.4216		9.5809		-8.07%		9.4894		-8.94%

		Cell edge 		0.0292		0.0381		30.48%		0.0382		30.82%

		IoT (dB)		11.81		9.63				9.42



		Configure 1		1*4

				PC by P_O_UE		PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		13.8930		13.3916		-3.61%		13.2981		-4.28%

		Cell edge 		0.0661		0.0781		18.15%		0.0803		21.48%

		IoT (dB)		6.98		5.61				5.47



		Configure 4b		1*2

				PC by P_O_UE		PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		11.4913		10.8071		-5.95%		10.7754		-6.23%

		Cell edge 		0.0291		0.0369		26.80%		0.0376		29.21%

		IoT (dB)		13.19		10.41				10.08



		Configure 4b		1*4

				PC by P_O_UE		PC by PA				ideal PC

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		15.8196		15.4398		-2.40%		15.3577		-2.92%

		Cell edge 		0.0684		0.0809		18.27%		0.0809		18.27%

		IoT (dB)		6.19		4.67				4.53





Sheet5

		Configure 1		1Tx-2Rx

				Non CoMP 		 PC withou PA				PC by PA				CSI-RS based PC/
PC by ideal PA without quantized

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		8.2972		10.6366		28.20%		9.5809		15.47%		9.4894		14.37%

		Cell edge 		0.0306		0.0203		-33.66%		0.0381		24.51%		0.0382		24.84%

		IoT (dB)				15.19				9.63				9.42



		Configure 1		1Tx-4Rx

				Non CoMP 		 PC withou PA				PC by PA				CSI-RS based PC/
PC by ideal PA without quantized

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		12.3239		13.5770		10.17%		13.3916		8.66%		13.2981		7.90%

		Cell edge 		0.0650		0.0476		-26.77%		0.0781		20.15%		0.0803		23.54%

		IoT (dB)				9.59				5.61				5.47



		Configure 4b		1Tx-2Rx

				Non CoMP 		 PC withou PA				PC by PA				CSI-RS based PC/
PC by ideal PA without quantized

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		9.3388		11.9146		27.58%		10.8071		15.72%		10.7754		15.38%

		Cell edge 		0.0336		0.0232		-30.95%		0.0369		9.82%		0.0376		11.90%

		IoT (dB)				17.22				10.41				10.08



		Configure 4b		1Tx-4Rx

				Non CoMP 		 PC without PA				PC by PA				CSI-RS based PC/
PC by ideal PA without quantized

				Spectral efficiency (bps/Hz) 		Spectral efficiency (bps/Hz) 		Gain over
non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP		Spectral efficiency (bps/Hz) 		Gain over non CoMP

		Cell average 		14.0841		15.9720		13.40%		15.4398		9.63%		15.3577		9.04%

		Cell edge 		0.0617		0.0515		-16.53%		0.0809		31.12%		0.0809		31.12%
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