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1. Introduction
Some discussion took place in RAN1#68 on the SRS power control (PC) issues for CoMP. It was proposed to introduce an additional PC process for DL-CoMP in addition to the PC for UL-CoMP reception [1]. It is concluded to continue discussion by email until next meeting, with considering 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
This contribution provides our view related to the SRS PC issues for CoMP.
2. Support of separation of DL and UL association points
In heterogeneous network, downlink serving cell for a UE can be different from uplink serving cell of the UE which can be regarded as CoMP UE. For example, PUSCH scheduled by PDCCH from Macro-eNB can be targeted to Pico-eNB in order to save uplink transmission power and in viewpoint of reducing interfering source. So as to handle such scenario, especially for TDD systems where CSI measurement for DL is based on UL/DL channel reciprocity, SRS targeting DL transmission point(s) can be different from SRS targeting UL reception point(s), as illustrated in Figure 1.
Most of the proposed solutions so far can be grouped into 2 categories: 

· Option 1: SRS PC is linked to the PC of PUSCH (as in Rel-10) with an increased range of the power offset value PSRS_offset.
· Option 2: Introduce an additional PC process for DL-CoMP in addition to the PC for UL-CoMP reception where the additional PC process may or may not be tied to the PC of PUSCH through an offset value.
The issue can be discussed with Figure 1. There exist Macro-eNB and Pico-eNB with the distance of 500[m] from each other, as an example. We can divide the region between Macro and Pico, based on the exemplary RSRP curves & SRS Tx power curves, into the following three zones:
· Zone 1 (near Macro):
 Both DL & UL point is at Macro-eNB (DL/UL serving cell is Macro)

· Zone 2 (“CoMP Region”): DL point is still at Macro, whereas UL point is at Pico

· Zone 3 (near Pico):
 Both DL & UL point is at Pico-eNB (DL/UL serving cell is Pico)
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Figure 1. An illustration for SRS PC issues in HetNet CoMP scenario.

2.1. Analysis of Option 1
In order to clarify each option, the precise operation of Option 1 needs to be clearly understood. In our view, the problematic case of Option 1 is as follows:

In the following Figure 2(a), the UE first stays at position A with Macro eNB selected as its (DL) serving cell. Still, the best UL reception point is pico eNB. All the PC-related parameters are set as illustrated, so the pico eNB and macro eNB respectively receive PUSCH and SRS at the target level. Note that the SRS Rx power is higher than the target level at pico eNB.
Now, let's assume that the UE moves to position B, closer to Macro eNB. As illustrated in Figure 2(b), the OLPC decreases PUSCH/SRS Tx power so the Rx power is kept at the same level at Macro eNB (although the PUSCH Rx power does not matter at Macro eNB). The problem here is that PUSCH Rx power level at the pico eNB is below the target level because the pathloss increased but the OLPC reduced the Tx power.
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Figure 2. Problematic case example for Option 1.

We think that the following three operations can be considered here:
· Option 1a:  No change in transmit power (the same as Figure 2(b) above)

· Reduction of PUSCH MCS to keep the acceptable PUSCH BLER level ( Throughput decreases

· Option 1b:  CLPC to adjust the PUSCH Rx power at pico eNB

· Proper PUSCH link adaptation possible ( But, excessive SRS Tx power issue for both points occurs as Figure 3 below
· Option 1c:  Option 1b + Reconfiguration of PSRS_offset to adjust the SRS Rx power at macro eNB 
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Figure 3. Illustrations of Option 1b and Option 1c.

In our view, any options above seem not to be acceptable since
· Option 1a requires the reduction of PUSCH MCS to keep the acceptable PUSCH BLER level
( Throughput decreases

· Option 1b requires much power consumption for UE (about 20 times larger power consumption than Option 2 for a worst case example in the following Section 2.2)
( Increasing inter-cell interference and decreasing UE battery life

· Option 1c requires much RRC signaling overhead for the reconfiguration of PSRS_offset, and has a latency problem in dynamic power adjustments

2.2. Analysis of Option 2
Option 2 resolves above concerns by separating SRS for obtaining DL CSI and SRS for obtaining UL CSI.  Thus, as shown in Figure 1, the required PSRS_offset(Option 2) is much lowered than PSRS_offset(Option 1), which can be determined as in the same level of PSRS_offset under the current specification as did from Release-8.
Since the power difference between PSRS_offset(Option 1) and PSRS_offset(Option 2) could be significantly high, the required sum Tx power of both “SRS Power for Pico” and “SRS Power for Macro” (Option 2) is much less than the Tx power of “Boosted SRS Power for both Macro & Pico” (Option 1). From our simple calculation example in Table 1 below, the worst case required Tx power at Position B (the boundary b/w Zone 1 & Zone 2, e.g., 250[m]) for Option 1b is about 20 times larger than the required sum Tx power for Option 2 (although we assumed doubled resource usage for Option 2). This will impact on increasing inter-cell interference as well as decreasing UE battery life. If a CoMP UE stays at such worst case region for a while, the power consumption problem in Option 1b will become more critical.
Table 1. A calculation example for SRS Tx power consumption ratio of Option 1b over Option 2, with assuming Macro Tx power of 46[dBm], Pico Tx power of 30 [dBm], and a pathloss equation.
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Proposal 1: Multiple SRS PC process (with additional SRS PC separated from PUSCH PC) should be supported at least for HetNet CoMP scenario.

Sub-options such as whether periodic or aperiodic for the additional PC process, separate TPC only, separate SRS power offsets only, and so on, would be the next step to further specify Option 2 in terms of how to configure such additional SRS PC separated from PUSCH PC.

3. Consideration of CoMP Scenario 4
Option 2 has an additional benefit such that each SRS PC process can have different OLPC procedure based on different point’s pathloss, which does not require the above frequent TPC command as well as RRC signaling of PSRS_offset. Efficient OLPC can work for different point as did from Rel-8, which can save the above CLPC overhead much.
At least for CoMP Scenarios 1/2/3 where each transmission point transmits its own CRS with each different cell-ID, such benefits from Option 2 can always be utilized based on CRS. For CoMP Scenario 4 where CRS is transmitted in an SFN fashion, Option 2 may be specified with just separate SRS power offsets (or in addition to separate TPCs) without different OLPC procedure, unless we introduce CSI-RS based OLPC for SRS.
But even in this case, we think at least just separating SRS power offsets (or in addition to separate TPCs) would be deemed necessary to resolve the problematic operational cases for Option 1 we have shown in Section 2. If CSI-RS based OLPC is introduced for SRS PC process, it is obvious we can obtain all the benefits from Option 2 similarly for the other CoMP Scenarios 1/2/3. In conclusion, the first agreement should be to introduce Option 2 to properly support DL-CoMP and UL-CoMP, and the other sub-options would be the further discussion points in terms of how to configure such additional SRS PC separated from PUSCH PC.
Proposal 2: Determination on sub-options such as whether periodic/aperiodic, separate TPC only, CSI-RS based OLPC, and so on, should be the next step after such additional SRS PC separated from PUSCH PC is agreed to be introduced.

4. Conclusion
We discussed in this contribution the SRS PC issues for CoMP. The following proposals were given based on the discussion:
Proposal 1: Multiple SRS PC process (with additional SRS PC separated from PUSCH PC) should be supported at least for HetNet CoMP scenario.
Proposal 2: Determination on sub-options such as whether periodic/aperiodic, separate TPC only, CSI-RS based OLPC, and so on, should be the next step after such additional SRS PC separated from PUSCH PC is agreed to be introduced.
______________________________________________________________________
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