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1 Introduction
In previous RAN1 #68 meeting, it was agreed to continue the discussion of SRS power control [1]. An email discussion took place, consider the issues such as

· Support of separation of DL and UL association points
· Relation to the PUCCH/PUSCH PC, especially for scenario 4
· Scenarios where CRS is transmitted in an SFN fashion
Two broad options were discussed by email as potential solutions for enhancing the performance of SRS power control for CoMP operation in Rel-11:

· Option 1: SRS power control is linked to the power control of PUSCH (as in Rel-10) with an increased range of the power offset value P_SRS_offset;

· Option 2: Introduce an additional power control process for DL CoMP in addition to the power control for UL CoMP reception where the additional power control process may or may not be tied to the power control of PUSCH through an offset value.
This paper investigates the effect of operating the system with a single power control process for SRS where all UEs would target reception at their downlink serving point. Results show that solutions such as option 1 may create problems in systems with CoMP decoupling of downlink and uplink transmission/reception points. Consequently, it is preferred to enhance SRS power control by decoupling SRS targeting DL CoMP operation and UL CoMP operation, thereby providing the UE with two power control processes, which can be achieved by option 2 above.
2 Necessity of enhancements of SRS power control
One inherent issue for SRS power control in Rel-11 is the possibility of mismatch between the DL and UL association points. In heterogeneous networks, where the transmission power of a macro point is normally higher than the transmission power of a pico point, it is common for a UE to associate to a macro point for DL operation while associate to a pico point for UL operation, as shown in Figure 1 below. Table 1 shows the percentage of such UE.
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Figure 1 Association points selection in HetNet
As SRS is used for both UL and DL CSI estimation, especially in TDD systems where channel reciprocity is exploited, keeping a single SRS power control process in Rel-11 could be problematic. In HetNet, the transmission power required to support DL operation is normally higher than the requirement for UL operation. The difference could be significant for some users.
Table 1 Percentage of UEs that associate to different UL/DL points
	Configuration 1
	Configuration 4b

	32.01%
	25.70%


Figure 2 shows the CDF curve of pathloss gap (PL_gap = PL_DL – PL_UL) for UEs with different DL/UL association points. Here DL association point is selected based on DL RSRP while UL association point selection is based PL. Transmission power of a macro point is assumed to be 46 dBm while transmission power of a pico point is 30 dBm. It is observed that for certain users, the gap can be as large as 16 dB. Therefore, it is difficult to meet the requirements of DL and UL simultaneously with one SRS power control process.
Observation1: 
· For UEs operating in HetNet deployment scenario, there could be a significant difference in path loss between the DL association point and UL association point. Consequently, the SRS transmission power required for DL association points can be significantly higher than that for UL association points.
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Figure 2 Mismatch between the path loss of the DL association point and the UL association point
3 Simulation results
To compensate for the difference of transmission power needed for DL/UL operation, one straightforward consideration would be always adopting high power for transmission. 
However, such method would cause unnecessary energy consumption for a UE when only low transmission power is required. In addition, always adopting high power for SRS transmissions would generate excessive interference, as demonstrated by the simulation results below.
In the simulation, SRS PC in heterogeneous deployment scenario is evaluated. All cells adopt the same cell-specific SRS configurations, and perfect synchronization within the entire network is assumed. The DL association point selection for a UE is based on RSRP measurements while the UL association point selection is based on pathloss. To simplify the discussion, only one DL association point and one UL association point are selected for one UE. Only periodic SRS is considered with a period of 5 ms for all users. Other assumptions are listed in the appendix of the paper.
SRS transmissions are assumed for UL CSI measurements. Two possible alternatives for SRS PC are,
· Alt1: adjust SRS transmission power targeting UL association point
· Alt2: adjust SRS transmission power targeting DL association point

Figure 3 below shows the CDF curve of IoT level experienced at all reception antenna ports when they perform SRS detection. It is observed that if SRS PC process targeting DL association point is used, IoT level increases significantly for both macro and pico receivers.
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Figure 3 IoT level in SRS regions
Figure 4 shows the impact on SRS reception SINR under different power control assumptions. Because almost all UEs with mismatched DL/UL associate points are attached to pico points for UL operations, increased SRS transmission power leads to enhanced reception SINR for most of the users in pico cells. However, the percentage of UL pico users in outage is similar to Alt1. On the other hand, the increased interference seriously impairs the detection SINR at the macro cells.
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Figure 4 SINR level in SRS region
Observation2: 
· Transmitting SRS in high power to reception points that only require lower power does not have a significant impact on the SINR but it would cause increased energy consumption. Unnecessarily letting more UEs target the same SRS reception point that requires higher power significantly decreases the SINR of all UEs targeting that reception point.
It is clear that using transmission power targeting DL association point means more energy consumption and higher interference. Although it is not shown in this paper, the increased interference levels may affect the performance of downlink data reception. It may be preferred to use high transmission power only when necessary. Therefore, it is proposed to introduce an additional SRS power control process targeting DL operation.
Proposal: 
· Introduce an additional SRS power control process targeting DL operation in addition to the power control for UL CoMP reception.
4 Conclusions
This paper shows that operating DL and UL CoMP with downlink/uplink channel reciprocity with a single SRS power control process always targeting the DL serving point results in increased interference and decreased SINR for some UEs. More precisely, it is observed that,
· For UEs operating in HetNet deployment scenario, there could be a significant difference in path loss between the DL association point and UL association point. Consequently, the SRS transmission power required for DL association points can be significantly higher than that for UL association points.
· Transmitting SRS in high power to reception points that only require lower power does not have a significant impact on the SINR but it would cause increased energy consumption. Unnecessarily letting more UEs target the same SRS reception point that requires higher power significantly decreases the SINR of all UEs targeting that reception point.
Therefore, the following proposal is made:
Proposal: 
· Introduce an additional SRS power control process targeting DL operation in addition to the power control for UL CoMP reception.
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Appendix A: Simulation assumptions

Table 2 Simulation assumptions
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth 
	10 MHz

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

	Placing of UE
	Configuration 1

	Mobile speed 
	3 km/h 

	Channel model
	ETU

	Number of TX antennas at UE
	1

	Number of RX antennas at association point
	2 for macro point;

2 for pico point

	Maximal UE TX power
	23 dBm

	Rank
	1

	CSI-RS periodicity
	5 ms 

	Subband size
	6 PRBs

	Power control parameter
	P0 = -80, α = 0.7 for Macro cells 

P0 = -72,  α = 0.6 for Pico cells

	SRS configurations
	Period: 5 ms for all UEs

Bandwidth: 8 PRB for all UEs

Hopping bandwidth: 48 PRB for all UEs
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