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1 Introduction
In this document, we clarify our motivation of SRS power control enhancement in Rel.11. Then, possible enhancement of SRS power control is discussed. We also discuss the possible harmonization area with other companies’ proposals.
2 SRS power control in Rel.10
The transmit power of SRS in Rel.10 is given by
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 is the configured UE transmit power defined in [2] in subframe i, 
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 is a 4-bit parameter semi-statically configured by higher layers where different values can be configured to periodic-SRS (P-SRS) and aperiodic-SRS (A-SRS) respectively, 
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 is the bandwidth of SRS expressed in number of resource blocks, and 
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 is the current PUSCH power control adjustment state. 
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 is the higher layer configured parameter of PUSCH for the UE and 
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 is the pathloss compensation factor.
The reason of re-using PUSCH transmit power control parameters 
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 is that the SRS is intended to be used for PUSCH MCS/scheduling. Therefore, the semi-static offset of SRS is the only parameter configured independently from PUSCH related parameters.
3 SRS power control in Rel.11 for HetNet CoMP
3.1 The motivation of SRS power control enhancement
The motivation of SRS power control enhancement in Rel.11 is to make SRS functionality being suitable for DL/UL CoMP, especially in heterogeneous network (HetNet) environment. Figure 1 illustrates an example of CoMP operation in HetNet, where three nodes are transmitting DL data and two nodes are receiving UL data. For UL reception, the closest nodes should be chosen as reception points (RPs) to minimize pathloss effect, while for DL transmission, high power node might be used because of the larger received signal power especially for control signalling. Therefore, DL TPs should not necessarily be identical to UL RPs. The TP/RP selection could be based on (1) feedback of CSI and/or RSRP measured by UE based on the DL RSs (CRS or CSI-RS), or (2) CSI and/or RSRP directly measured by NW based on UL RS (SRS). Although DL RS based scheme would be a baseline similar to the Rel.10 measurement, UL RS based scheme should also be available since it is able to compensate for some cons of method (1); feedback delay, need for configuring orthogonal DL RSs to each TP/RP, etc. Taking into account the SRS should also be utilized for the purpose of PUSCH MCS/scheduling as in Rel.10, following observation can be made:
Observation 1:
The usage of SRS in Rel.11 would be not only to provide accurate CSI to the NW for MCS/scheduling of PUSCH as in Rel.10, but also to provide useful information to the NW about which nodes could be TPs and/or RPs.
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Fig. 1.  CoMP system with four nodes.
3.2 Proposed enhancement of SRS power control
The required transmit power of SRS for TP/RP selection is generally larger than that for PUSCH link adaptation. Therefore, the above usage can be realized by setting multiple powers on SRS; one is for PUSCH link adaptation and the other is for TP/RP selection. In Rel.10, different power offsets can be configured to P-SRS and A-SRS. For instance, configuring P-SRS with lower 
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 (e.g., 0dB) for the purpose of PUSCH link adaptation, while triggering A-SRS with larger 
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 (e.g., 8dB) for the purpose of TP/RP selection fulfil the requirement. However, for packet-based bursty traffic, A-SRS should mainly (potentially almost 100%) be used since it is trigger-based one shot SRS and hence does not produce unnecessary interference and UE power consumption. Therefore, it is better to realize the operation in Fig.1 only by using A-SRS. From this discussion, we propose the following:
Proposal 1:
Support at least two different power offsets on A-SRS; one is to provide accurate UL CSI to the intended RPs of PUSCH reception, and the other is to provide rough SINR and/or UE condition to the TP/RP candidates.

Specifically, above can easily be realized, e.g., by including power offset value, PSRS_OFFSET,c, in each SRS-ConfigAp of dedicated RRC information. Then, different power offset can be set for each trigger of DCI format 0, DCI formats 1a/2b/2c, or DCI format 4. Especially, three different triggers are available in DCI format 4.
Proposal 2:
Include PSRS_OFFSET,c in each A-SRS RRC configuration, SRS-ConfigAp, in order to achieve different power offsets on A-SRS depending on trigger type and/or DCI format.
4 Harmonization with other proposals in RAN1#68bis
In RAN1#68bis [1], companies were suggested to come up with a harmonized proposal on SRS power control enhancement based on the two WFs [2-3]; [2] intended to support two aperiodic SRS PC processes, where one is tied to a PUSCH PC process, and the other is with separate UE-specific setting for open-loop parameters (reference transmit power and pathloss compensation factor), reference of pathloss (i.e., CSI-RS based pathloss estimation), TPC command accumulation, and/or semi-static power offset while [3] proposed to keep the current A-SRS PC process as intact but to increase the range of power offset of SRS. Besides, [3] proposed to study multiple power offset of A-SRS.

Our proposed method, i.e., multiple power offset of A-SRS, could harmonize with [3]. Below, possible areas for compromise between [2] and [3] are identified to conclude the SRS power control enhancement in Rel.11:

1. Increased range of power offset on A-SRS [3]
Could be acceptable. However, as written in Chairman’s note of RAN1#68bis [1], increased range may cause some issue as the UE may need to ramp up power quickly from low power PUSCH to high power SRS. Specifically, since relative tolerance of UE transmit power is large [4] when the power difference between data and SRS in a PUSCH subframe is quite large, accurate SRS measurement may no longer be expected when a large power offset is configured. However, this problem can be mitigated by setting the SRS bandwidth being narrower when the large power offset is configured, i.e., it is solvable by implementation effort. It should be noted that in Rel.10, frequency-hopping has not been available in A-SRS and hence, wideband sounding cannot be done by narrowband A-SRS. If improved usage of narrowband A-SRS is needed, introduction of frequency-hopping should also be supported. 

2. Separate UE-specific PL reference and OL PC parameters for additional A-SRS PC process [2]

Separate UE-specific reference power (equivalent to P​0) and PL compensation factor may be acceptable, but UE-specific PL reference should not be accepted due to the following consideration. 
· Separate UE-specific PL reference (i.e., CSI-RS based PL reference)

In RAN1#68 [5], it was agreed not to have UE-specific PL reference for PUSCH/PUCCH. Since SRS power control enhancement needs to be based on this agreement, UE-specific PL reference should not be introduced for A-SRS as well.

· Separate UE-specific reference power 
This offers the same benefit as our proposal (to have power offset PSRS_OFFSET,c in each SRS-ConfigAp). It is a matter of the preference of the representation.
· Separate UE-specific pathloss compensation factor 
The same benefit is also achievable if the UE-specific reference power is properly controlled. Although we don't see the specific merit of this enhancement, it could be acceptable for the sake of progress.
3. Separate TPC command accumulation for additional A-SRS PC process [2]

May be acceptable. However, the TPC commands for two PC processes need to be distinguished. Introducing additional TPC command bit(s) in DCI only for A-SRS is not reasonable in terms of overhead and spec impact. Without additional TPC command bit(s), which PC processes the TPC command is reflected can be based on, e.g., the type of DCI formats. This may has the restriction of the operation. Furthermore, the NW may not be able to know the amount of error of TPC command accumulation. Therefore, how to distinguish the PC process the TPC command bits(s) is reflected should carefully be considered.

Proposal 3:
Accept increased range of SRS power offset, PSRS_OFFSET,c. Sounding accuracy problem due to power difference between data and SRS could be solved by setting A-SRS bandwidth narrower. If improved usage of narrowband A-SRS is needed, introduction of frequency-hopping should also be supported.

Proposal 4:
Should not introduce UE-specific PL reference for A-SRS.

5 Conclusion
Proposal 1:
Support at least two different power offsets on A-SRS; one is to provide accurate UL CSI to the intended RPs of PUSCH reception, and the other is to provide rough SINR and/or UE condition to the TP/RP candidates.

Proposal 2:
Include PSRS_OFFSET,c in each A-SRS RRC configuration, SRS-ConfigAp, in order to achieve different power offsets on A-SRS depending on trigger type and/or DCI format.

Proposal 3:
Accept increased range of SRS power offset, PSRS_OFFSET,c. Sounding accuracy problem due to power difference between data and SRS could be solved by setting A-SRS bandwidth narrower. If improved usage of narrowband A-SRS is needed, introduction of frequency-hopping  should also be supported.

Proposal 4:
Should not introduce UE-specific PL reference for A-SRS. 
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