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1. Introduction
Two ways forwards were presented on SRS power control at RAN1#68bis [1]

 REF _Ref324165304 \r \h 
[2].
WF1

· Rel-11 UE supports an aperiodic SRS PC process tied to a PUSCH PC process.

· Rel-11 also supports one aperiodic SRS PC process with separate UE-specific setting for the following parameters:

· Open-loop parameters (reference transmit power and path loss compensation factor a) 

· Reference of pathloss 

· CSI-RS based pathloss estimation is supported.

· TPC command f(i)

· Semi-static power offset
WF2

· SRS PC is linked to PUSCH PC (mechanism as in Rel-10) with an increased range of the power offset value P_SRS_offset(m), where m = 0,1,...,N-1 

· The combination of an aperiodic SRS with one power level, and a periodic SRS with another power level, is used to serve DL and UL measurement purposes, respectively.

· This is achieved by the network RRC signaling of power offset values (if N=2 is supported as in Rel-10)

· Link between periodic SRS PC with either DL or UL case depends on network implementation 
FFS: aperiodic SRS PC are combined for DL and UL needs via link between the power offset value P_SRS_offset and SRS parameter set and N>2 

The WFs differ on how the aperiodic SRS transmission power should be determined when SRS must be received by not only the UL reception point but also the DL transmission point. This is important in TDD systems where reciprocity may be used to derive DL CSI from the UE’s SRS transmissions.  WF1 uses a separate PC process for this purpose while WF2 uses an offset relative to PUSCH power.  One area of concern with WF2 is the ability to determine the correct SRS offset when transmission and reception points are not collocated and the UE is in motion[3].  This contribution analyzes this scenario and suggests a method for setting the aperiodic SRS offset used for DL CoMP based on RSRP reports.  Simulation results of the accuracy of the method are also presented. 

2. SRS Power Control for Downlink CoMP
The scenario described above is illustrated in Figure 1 where the UE is connected to the macro node on DL and pico node on the UL.  When the UE is in motion towards the macro cell, the OLPC decreases and TPC has to increase to compensate.  The SRS offset used for an aperiodic sounding therefore needs to decrease.    This raises the question of how should the network determine the SRS offset?  For scenario 3, the pathloss between macro and UE can be calculated based on RSRP reports of the macro cell’s CRS and knowledge of the macro CRS power.  For a desired received SRS power, the necessary transmit SRS power can therefore be determined.  With knowledge of PUSCH transmission power, the SRS offset can then be calculated. In scenario 4 on the other hand, the pathloss to the macro cannot be calculated from only the macro RSRP report and the macro CRS transmission power since SFN transmission is used and the received RSRP power is a function of the not only the macro-UE pathloss but also the pico-UE pathloss.  It can be shown however that the pathloss to the macro, 
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where 
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 are the macro and pico Tx powers respectively, 
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is the pathloss between pico and UE, and
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.  The pathloss between UE and pico, 
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, can be calculated by the network based on knowledge of UE PUSCH transmit power and received PUSCH power at the pico and therefore the above equation may be used to determine the macro-UE  pathloss 
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.  Determination of the SRS power offset is then performed as in scenario 3. If 'RSRP like' reports based on CSI-RS are available in scenario 4, then the report corresponding to the macro can be used in a manner similar to the CRS-based RSRP report of scenario 3.
Observation: For scenario 3 the SRS offset for a desired received SRS power can be calculated from i) the received  macro CRS power ii) the transmitted macro CRS power and iii) the PUSCH transmission power .

Observation: For scenario 4 the SRS offset for a desired received SRS power can be calculated from i) the received CRS power ii) the transmitted CRS power at the macro and pico node iii) the PUSCH transmission power and iv) the received PUSCH power at the pico node.
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Figure 1: As the UE moves towards the macro cell, PUSCH transmit power increases but downlink pathloss decreases thereby reducing the required DL SRS offset.
2.1. Time Variation of Downlink Pathloss 
The accuracy of the SRS offset is a function of the accuracy of the network’s estimation of the macro-UE pathloss which is changing due to UE motion.  One source of error in macro-UE pathloss estimation is the ability of the RSRP measurements to reflect the motion-induced pathloss changes.  To within a time-independent multiplicative constant, the pathloss at time
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In order to evaluate how rapidly 
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 evolves, a simulation was performed to determine the CDFs of the ratios 
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 for a fixed increment time 
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.  In the simulation users direction of travel was modeled as being uniformly distributed in angle with a speed of 3 km/h.  UEs and pico nodes were dropped according to Configuration 1 with 4 low power nodes per macro cell.  The propagation and shadow fading were modeled according to the ITU UMa channel model, i.e. propagation loss proportional to 
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dB and 50 m respectively.  Additional simulation assumptions are given in the Appendix.  Figure 2 is a plot of the CDF of the propagation loss ratio 
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 for different time intervals 
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 and Figure 3 is the CDF of the shadow fading ratio 
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 for the same set of time intervals.  The change in propagation loss is seen to be much smaller than those of shadow fading.  For example for 
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s, the propagation loss changes less than .05 dB for 99% of UEs and directions of travel.  On the other hand the shadow fading can change up to 1.8 dB in 
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s for the same 95% percentile point.  Therefore it is a reasonable approximation to model the evolution in DL pathloss by only the shadow fading process at least for time changes on the order of up to several seconds.  Of course at a sufficiently large time offset, the propagation loss will dominate since it is proportional to 
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 and changes in shadow fading will tend to saturate once the decorrelation distance is reached. 
Observation: DL pathloss variation caused by UE motion is dominated by shadow fading at small time scales, i.e. up through several seconds.
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Figure 2:  Distribution of change in DL propagation loss over time increment 
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.  The distribution is over both UEs in the system and uniform angles of UE motion.
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Figure 3: Distribution of change in DL shadow fading over time increment 
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.  The distribution is over both UEs in the system and uniform angles of UE motion.
2.2. Tracking Performance of RSRP-Based Pathloss Estimation
As discussed above, the DL pathloss in scenario 3 can be estimated from RSRP measurements when the macro CRS power is known.  Scenario 4 requires, in addition, pico node CRS power and the pathloss from UE to pico node.  In both cases the ability to track downlink pathloss variations is limited by the reporting interval and bandwidth of the RSRP measurement process.  RSRP measurements are performed at a fixed measurement period of 
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200 ms and then filtered by Layer 3 filtering.   There are three mechanisms by which tracking of downlink pathloss is limited in RSRP-based estimation.  First, the downlink pathloss estimate may be needed at a different time than when the RSRP measurement report becomes available.  For example if periodic RSRP reports are assumed to arrive at intervals of 
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, then the RSRP measurement may lag the actual pathloss by up to 
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.  Second, the Layer 3 filtering process also introduces a delay into the measurement.  The delay introduced is dependent on the bandwidth of the filter:  narrower bandwidths introduce larger delays.  The Layer 3 filter is a single pole IIR filter with coefficient 
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 takes a value in the set 
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[4] (Sec. 5.5.3.2).  A value of 
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 corresponds to no filtering.  The default value of 
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 is 4.  Lastly, the Layer 3 filter, being a low-pass filter, may filter out variations in received power which correspond to changes in DL pathloss.  The choice of the Layer 3 filter bandwidth is a tradeoff between averaging out measurement noise at the input of the filter and tracking time variations in received power.  The need for RSRP measurements to perform the additional task of tracking pathloss for the purpose of setting the SRS offset may require that the filter bandwidth be increased relative to what would be required for RSRP’s other functions, i.e. cell selection, OLPC, and initial RACH power.  
To address this question simulations of RSRP-based downlink pathloss estimation were performed to determine what values of filter bandwidth are suitable for tracking variations in DL pathloss which are on the time scale described in the previous section.  Since shadow fading dominated the DL pathloss variations, the pathloss was modeled as a log-normal process as specified by the ITU UMa channel model.  The log-normal process had auto-correlation function 
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 is the UE’s speed and 
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.  An estimated shadow fading process, 
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for uniformly distributed values of 
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 were collected.  A block diagram of the simulation is shown in Figure 4.
The CDF of 
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 is plotted in Figure 6 through Figure 8 for filter bandwidths of 
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 and speeds of 3, 30, and 60 km/h.  For reference purposes a static channel was also evaluated, Figure 5
.  In the static channel case, tracking error is due to only to measurement error and therefore error performance improves as the Layer 3 filter bandwidth reduces.  On the other hand at 3 km/h (Figure 6) error is minimized with filter bandwidths of 
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.  The lowest bandwidth of 
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, which was optimal in the static channel, is now suboptimal due to its inability to track time variations.  However the difference between the optimal bandwidth of 
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 and the suboptimal 
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 is small, less than 1 dB at the 95th percentile.  We conclude that at 3 km/h, where UL CoMP is targeted for operation, even a low bandwidth Layer 3 filter selected based on its performance for cell selection, OLPC purposes, and initial RACH power will still allow accurate tracking of shadow fading for SRS power offset estimation. At 30 km/h and 60 km/h we see more pronounced degradation in the performance of the low bandwidth filters with the lowest bandwidth setting 
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 lagging the best performing bandwidths of 
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 by 2.5 to 3.0 dB.
Overall it can be observed that even the lower range of Layer 3 RSRP filter bandwidths enables accurate tracking of shadow fading at 3 km/h.  Accurate tracking at higher speeds is also possible at moderate filter bandwidths (
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Observation: Even the lower range of Layer 3 RSRP filter bandwidths (
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) are large enough to enable accurate tracking of shadow fading at 3 km/h.  
Observation: Accurate tracking at higher speeds is also possible at moderate Layer 3 RSRP  filter bandwidths (
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Figure 4: Simulation Model of Shadow Fading Estimation

2.3. Need for Multiple SRS Power Control Processes for Support of DL CoMP

The above analysis indicates that the DL pathloss variations in typical CoMP scenarios are not so large that they cannot be estimated by current measurements.  For scenario 3 the DL pathloss can be combined with the eNB’s knowledge of the UE’s PUSCH Tx power to determine the required SRS offset.  For scenario 4, this offset can also be calculated with knowledge of the pathloss between the UE and the pico.  In both scenarios therefore the power of an aperiodic SRS transmission from the UE to DL transmission point may be set relative to the PUSCH Tx power and a second power control loop for DL CoMP is not necessary.
Conclusion: 

· SRS transmission for DL CoMP may be based on an offset relative to PUSCH power and that a separate power control loop for DL CoMP is not necessary.
3. Conclusions

This contribution addressed the determination of an SRS power offset (relative to PUSCH) for the case of an aperiodic SRS transmission targeting DL operation.  It was shown in both scenarios 3 and 4 this offset can be calculated from information available to the eNB:

· For scenario 3 the SRS offset for a desired received SRS power can be calculated from i) the received  macro CRS power ii) the transmitted macro CRS power and iii) the PUSCH transmission power.
· For scenario 4 the SRS offset for a desired received SRS power can be calculated from i) the received CRS power ii) the transmitted CRS power at the macro and pico node iii) the PUSCH transmission power and iv) the received PUSCH power at the pico node.
The macro CRS power is available to the eNB in the form of RSRP measurements.  The RSRP measurement process must have sufficient bandwidth to track shadow fading which was shown to dominate propagation loss in terms of pathloss variation.  Simulation of the RSRP filter bandwidth requirement yielded the following observations.   
· Even the lower range of Layer 3 RSRP filter bandwidths (
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· Accurate tracking at higher speeds is also possible at moderate Layer 3 RSRP  filter bandwidths (
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As UL CoMP operation targets low speed operation it may be concluded that 
Conclusion: 

· SRS transmission for DL CoMP may be based on an offset relative to PUSCH power and that a separate power control loop for DL CoMP is not necessary.
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Figure 5: CDF of DL pathloss estimation error for static channel conditions.
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Figure 6: CDF of DL pathloss estimation error for UE speed of 3 km/h.  DL The line for 
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Figure 7: CDF of DL pathloss estimation error for UE speed of 30 km/h.  
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Figure 8: CDF of DL pathloss estimation error for UE speed of 30 km/h.  
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Appendix Simulation Assumptions
	Parameter
	Value

	Simulation Case
	Deployment Scenario 3,4 (Appendix A of 36.819)

	Channel Model
	ITU UMa for Macro

	Number of pico point per macro-cell
	Configuration 1 with 4 pico points per macro cell

	Placing of UE
	Configuration 1

	High power RRH Tx Power 
	46 dBm

	Low Power node Tx pwer
	30 dbm
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