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1
Introduction
In order to perform UL power control, the UE must first estimate its downlink path-loss. Currently, a UE operating in CoMP scenario 4 has no way of directly measuring its DL path-loss to a pico reception point. 

In this contribution we show the effect of different approaches to perform UL power control based on different assumptions made how the path-loss calculation are performed.
Based on this analysis, we propose that for the purpose of uplink power control the UE may be configured to estimate path loss by measuring on CSI-RS.
2
Path-loss calculation
In CoMP scenario 4, multiple transmission points may share the same cell ID. In such a scenario, all transmission points will transmit CRS on the same REs and with the same sequence.

For UL power control, a UE must first estimate its DL path-loss by using [5],
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Upon calculation of the path-loss, for PDSCH, the UE computes the UL PUSCH transmission power setting for subframe i by using,
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In case there is no simultaneous PUSCH and PUCCH transmission, it can be assumed that 
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For simplicity we may rewrite the power setting formula as,
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Here,
[image: image5.wmf]est

PL

 corresponds to the estimated DL path-loss. In this contribution we discuss the estimation error as due solely to assumptions made on the reception point based on the ability of a UE to properly determine path-loss for the macro and pico points respectively.

For simplicity, we do not consider any error contributions affecting the path-loss estimate due to measurement errors.

2.1 Path-loss estimation in CoMP scenario 4
In CoMP scenario 4, all transmission point may transmit the CRS on the same resources and using the same reference signal sequence. Using the Rel-10 expression to determine path-loss, a UE may incorrectly calculate its transmission power. Furthermore, in presence of UL CoMP a UE may have a different reception point in the UL than transmission points (TP) in the DL. Therefore, the path-loss may not be readily solvable. The resulting path-loss estimation error may lead to poor performance for that UE as well as unnecessarily increasing interference levels impacting the performance of other UE’s.
One example is that of a UE served in the UL by a Pico cell. Given that the transmission power of the Macro cell is typically much higher, i.e. order of 20dB than that of Pico transmission points, a large component of the RSRP measurement (based on CRS) at the UE will result from transmission at the Macro transmission point. In such a case, as the UE moves away from the Pico TP and towards the Macro TP, its RSRP will increase. This will lead the UE to assume its path-loss is decreasing, and therefore it may require lower transmission power when in reality the UE is moving away from its reception point which should force it to increase its transmission power. The opposite is also true of a UE moving towards its receiving Pico and at the same time increasing its power and thus increasing interference levels due to its UL transmission negatively affecting performance of neighbouring reception points.

In principle, there are three ways to deal with the issue of proper path-loss estimation [1-4]:

1) Measure path-loss on a point-specific reference signal
In this approach, the UE measures the DL path-loss on, for example, the CSI-RS. Each transmission / reception point may have its own CSI-RS resources. This allows the UE to properly estimate path-loss at any given moment. In such a case, UEs measuring a Pico reception point have 
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. This approach allows the closed loop power control component to continue functioning within its original intent of refining the transmitted power levels based on network needs.

2) Reuse Rel-10 path-loss

In this approach, a UE (improperly) estimates path-loss by calculating the RSRP using CRS, i.e. the cell-specific reference signal R0 (and R1 if implemented). In such a case, the calculated path-loss for all UEs is given by,
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where 
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is the reference signal power corresponding to transmission point x. A simplified version of this case is where only the Macro transmits CRS. Then, all UEs would have 
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For this approach, it is assumed that the closed-loop power control component will remove any estimation error and allow the transmission power to converge to the proper value at some point in time.

3) Use 
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If the RRC signaled path-loss coefficient parameter setting is 0, this results in the path-loss component not impacting the actual UL transmission power setting anymore. Similar to the first approach, the closed-loop power control component will mitigate any estimation error and allow the transmission power to converge to the proper value at some point in time.
As long as the CoMP UE’s don’t move, the approaches described in 2 and 3 may be sufficient to deal with the issue of path-loss estimation. However, for moving UEs, i.e. pedestrian or low vehicular speeds, it is possible that the closed-loop power control cannot effectively remove the path loss estimation error which compounds the actual transmission power setting bias. Another error event may occur when a UE has non-full buffer UL traffic. In this case, it is possible that with approaches 2 or 3, UE’s will have their power control value converge to the proper value through the closed-loop power control component. However, in the short period of time when a UE is inactive, it may still move within a cell. When it is next scheduled to transmit, its path-loss estimation error may already have changed from its previous value and as such the closed-loop correction may no longer be valid and may even induce more error.

In the remainder of the contribution we provide results on the typical path-loss error as well as the effect onto throughput resulting from possibly incorrect path-loss estimation. These results confirm that the performance degradation incurred due to improper estimation of DL path-loss cannot be neglected. We show in particular the benefits of using Approach 1.
Proposal 1: For the purpose of uplink power control, the UE may be configured to estimate path loss by measuring on CSI-RS.
3
UE Estimation Error
The first set of results study the effect of having a UE while moving within a cell supporting CoMP. 

The simulation results are an average of 25 different cell deployments, each placing four Pico points randomly within the cell. Each deployment has 30 different UE trajectories. Furthermore, for each UE we assume that it is moving at at a pedestrian speed of 5 km/h. The simulation duration covers 10 seconds. The remaining evaluation assumptions correspond to those of CoMP Scenario 4 (see Appendix A). Handling of spatial correlation between LOS and NLOS states is described in Appendix B.
Each UE is assumed to start its trajectory at a position where its DL path-loss was perfectly measured (in the case of Approach 1), or at least perfectly compensated for by the closed-loop component (in the case of Approaches 2 and 3). 

Therefore, any subsequent UL transmission power setting bias is due purely to the UE moving within the cell and is defined by the following,
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where we have as ideal transmit power 
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 and where the actual the actual required transmit power at time i would be given by 
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. The purpose of the power control adjustment f(i) in this simulation is to correct the path-loss estimation error.
Figure 1 shows the effect of improperly estimating DL path-loss by providing the CDF of the amount of observation instants when the moving UEs have biased UL transmission power settings. The error estimate is collected every time a TPC command is sent. When using the correct path-loss by estimating it from the CSI-RS, no such error contribution caused by path-loss estimation would exist. In this case the UE is able to properly track the variations in observed DL path-loss. On the other hand, when estimating path-loss by either Macro-only CRS or CRS from all TP’s, or when using  
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, the error contribution can range from about -40 to 30 dBm. Using CRS received from all transmission points is the second best method given that the DL path-loss measured by the UE will be mostly correspond to the DL received power measured against the nearest transmission point. The major reason why the error contribution can increase significantly is when a UE’s path-loss for its UL reception point transitions from LOS to NLOS conditions or vice-versa. In such a case, path-loss estimation using Approach 2 results in a significant error contribution given that the estimated path-loss as measured by the UE may not have undergone the same magnitude of changes such as typically observed for NLOS vs. LOS. When using Approach 3, the absence of path-loss affecting the setting of the PUSCH transmission power is wholly compensated for by the power control component.Therefore, a transition from LOS to NLOS conditions or vice-versa can only be mitigated by a proper amount of time allowed for TPC commands to converge to the desired setting. Both these approaches result in slow convergence to the appropriate UL transmission power setting.
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Figure 1: CDF of UL Transmit Power error for different path-loss estimation approaches.
4
NFB Throughput Simulations
In this section, we provide performance results that evaluate the effect onto throughput resulting from imperfect path-loss estimation for non-full buffer traffic.

In this scenario, a UE is scheduled UL transmissions. During the time it uploads a file of around 125 KB, its PUSCH transmission power setting converges to a given target setting. The UE’s location is fixed during the time it takes to fully upload the file. However, when the UE is considered inactive, it may move within the cell. The next time the UE is scheduled UL transmission, it may then be at a different location within the cell. However, the UE would still use the transmission power corresponding to the setting obtained in its previous location prior to becoming inactive. In such a case, for all path-loss estimation approaches described in Section 2, the UE would be provided closed-loop power adjustments in order to allow it to re-converge to the appropriate setting. For approaches 2 and 3, the path-loss estimation error observed in the simulations when the UE becomes active again may become substantial. For example, using Approach 2, it is possible that at a first location, a Pico UE’s path-loss to the Pico is much less than that to the Macro. Therefore, the closed-loop power control adjustments will force the UE to decrease its power accordingly. At the UE’s second location when it becomes active again, the difference may be less. However, since the UE continues using the Macro based path-loss estimate in its transmission power settings, the closed-loop power control adjustments lead to a PUSCH transmission power that is too low. The opposite scenario may also occur and that would lead the UE to transmit at unnecessarily high power and create substantial interference towards other UL reception points.
The results in Table 1 summarize the observed effect on throughput of the different path-loss estimation appraoches.

The throughput results show that estimating path-loss by using CSI-RS provides the highest throughput for all UE’s. When the UE estimates its path-loss using CRS (Approach 2), Pico UEs use a path-loss estimate that is greater than required, leading these UEs to transmit at unnecessarily high power levels before convergence to the appropriate setting can take effect, i.e. in particular affecting throughput at the beginning of a file transfer. The result is that the Pico UEs suffers a relatively minimal loss, while the increase in interference to the Macro leads to very poor performance for Macro UEs.. The observed effect is worse when CRS is transmitted only from the Macro. Similar results are seen when using Approach 3. In consequence, this leads to a poor throughput performance for all UEs and a decrease in served cell throughput.
Table 1: NFB Throughput Results
	PL estimation method
	Served cell Tput (Mbps/cell)
	User mean Tput (Mbps)
	5%-ile Cell Edge Tput (Mbps)

	
	
	All
	Macro
	Pico
	All

	1
	13.162
	3.694
	5.903
	2.943
	1.664

	2 (CRS from Macro)
	12.718

(-3.4%)
	3.643

(-1.4%)
	4.959
(-16.0%)
	2.909
(-1.2%)
	1.631

(-2.0%)

	2 (CRS from Macro and Picos)
	12.634

(-4.0%)
	3.623

(-1.9%)
	5.149

(-12.8%)
	2.859

(-2.9%)
	1.590

(-4.5%)

	3
	12.670

(-3.7%)
	3.596

(-2.7%)
	5.566
(-5.7%)
	2.786
(-5.3%)
	1.590

(-4.5%)


5
Conclusion

In this contribution, we have discussed different approaches to possible path-loss estimation chosen for UEs operating in CoMP scenario 4.
Our evaluation results indicate that for UEs at low, i.e. pedestrian speeds, using the CRS-based path-loss estimation approach from Rel-8 to -10, or disabling partial path-loss compensation leads to an inability of the closed-loop power control component to properly compensate in a timely manner for path-loss differences such as typically observed for the Macro and Pico TP’s.

Furthermore, our non-full buffer evaluation results show that UEs require proper amount of convergence time before UL transmission power settings can converge to appropriate levels. Therefore, we observe throughput degredations for UE’s operating in CoMP Scenario 4 from increased UL interference levels.
Based on these results, we propose the following:
Proposal 1: For the purpose of uplink power control, the UE may be configured to estimate path loss by measuring on CSI-RS.
References

[1] R1-114415, “Way Forward on Uplink Power Control”, Ericsson, et al., 3GPP TSG RAN WG1 #67, November, 2011.
[2] R1-114117, “Uplink power control issues in CoMP”, Qualcomm Inc., 3GPP TSG RAN WG1 #67, November, 2011.
[3] R1-113677, “Enhancements for Uplink Power Control”, Ericsson, 3GPP TSG RAN WG1 #67, November, 2011.

[4] R1,114024, “Coinsiderations on UL CoMP Power Control”, Motorola, 3GPP TSG RAN WG1 #67, November, 2011.
[5] 3GPP TS 36.213 V10.4.0 (2011-12): Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures (Release 10).
[6] 3GPP TR 36.819 V11.1.0 (2011-12): Coordinated Multi-Point Operation for LTE Physical Layer Aspects (Release 11).
Appendix A

Table 2: Summary of system-level simulation assumptions
	Parameter
	Values used for evaluation

	Deployment
	Config. 4b

· 4 Pico per Macro cell, 30 UEs in Macro cell area with 5 UEs per LPN/Pico, and remaining 10 UEs dropped in Macro cell area

	Simulation case
	ITU UMa/UMi

	Duration
	1 drop/ 2000 TTI

	UE Tx power
	Max: 23 dBm

	Macro and Pico Tx power
	Macro cell: 46 dBm

LPN / Pico: 30 dBm

	System bandwidth
	10 MHz 

	Antenna configuration
	2x2x1 xpol (2 Rx at LPN, 2RX at macro and 1 Tx at UE)

	Channel estimation
	SRS: Ideal, DM-RS: non-ideal

	Receiver
	MMSE

	Traffic Model
	FTP traffic model 2, (=4, file size = 0.125 MB

	Link Adaptation
	Ideal

	Handover Margin
	1 dB

	UL Tx scheme
	SU

	Power Control Parameters
	(=1 (=0 in scenario 3), Po=-106 dBm, 2 bit TPC [-1,0,1,3], TPC delay 4 TTI


Appendix B

In the CoMP simulation assumptions, the LOS probability at each point is determined solely by a function of the UE’s distance to the specific transmission point.  In the traditional CoMP model there is no LOS probability correlation between two points.  This leads to unrealistic scenarios where a UE may move an infinitesimal distance and its path to its reception point changes from LOS to NLOS multiple times.  In reality, there should be correlation between the LOS probabilities of two nearby points. 

For the results presented herein we assume the UE receives a TPC command every 5 TTI.  Therefore, a UE moving at 5 km/h will move 0.694 cm between every TPC command.  We may assume that in such a small distance, the correlation between the LOS probabilities should be very high.  In order to keep the distance-based LOS probabilities valid and increase the correlation between two points, we wish to maximize
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where the LOS probability at point 1 is written as 
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, the LOS probability at point 2 is written as 
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, the NLOS probability for point 1 is given by 
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, the NLOS probability for point 2 is given by 
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 may be obtained by the appropriate ITU functions.  To maximize the conditional probabilities written above, we may set 
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.  From the relationship between the conditional probabilities as well as the definition of 
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 we can obtain bounds on 
[image: image28.wmf]g

.  In our simulation we assume that for the distance between TPC commands the value of 
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 should be set to a maximum, where we use the upper bound
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