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1. Introduction

RAN1 listed following three UE capabilities for TDD eIMTA[1]:
·  Feature 7-1:  UL-DL re-configuration via L1 signaling and HARQ following the DL/UL reference configuration;
·  Feature 7-2:  Subframe set dependent UL power control;

·  Feature 7-3:  Rel-12 Subframe set dependent CSI measurement and feedback. 

Questions are raised on whether features 7-2 and 7-3 should be independent from feature 7-1. This contribution shows the issues caused by the independent configurations between features 7-1 and 7-2. 
2. Issues from independency between 7-1 and 7-2
RAN1 made following agreements for PUCCH [2]:  
·  For PUCCH PC, no enhancements (including both over-the-air and backhaul enhancements) relative to Rel-11 

·  PUCCH is only transmitted in uplink subframes based on the DL HARQ reference uplink-downlink configuration configured for the UE.

According to above agreements, if the UE is configured with Feature 7-2 but not together with Feature 7-1, UE may transmit PUSCH in certain subframe set with higher P0, but transmit PUCCH (whose timing follows UL/DL configuration in SIB1) in the same subframe set with lower power control setting point. The intention of giving to PUSCH the higher power setting is to keep it resistant to potentially high eNB-eNB and UE-eNB interferences, however, such attempt could be in vain anyway from system point of view, given PUCCH in the same subframe is left aside from the same protection. The more effective interference mitigation is on PUSCH, which allows higher interference environment, the more vulnerable to interference is on PUCCH.  On the other hand, for the interference level under which the desired PUCCH performance is maintained, the existing OI mechanism (whether with OI enhancement in eIMTA, depending on eNB implementation) should be sufficient, and subframe-set based TPC is not necessary in the cell where eIMTA is not activated.   
Observation-1: Subframe-set based TPC in a non-eIMTA cell makes the PUCCH in the same cell vulnerable to interference.

One technical reason to have independent features 7-1 and 7-2 is to allow macro-UE being configured with two subframe sets to mitigate UE-to-eNB and eNB-to-eNB interferences, respectively. However, compared to the existing inter-cell interference mitigation solution on OI exchange over X2, which can be considered a “conservative TPC solution” that lowers the signal power from interfering cell, two-subframe-set based TPC in macro-cell results in a “competitive TPC solution” that increases the signal power in interfered cell. Even though such “competitive TPC solution” can be used in pico-cells, it has certain negative impacts when used in macro-cell.     
Firstly, different from pico-cell where high transmission power may only affect the neighboring pico-cells, the macro-cell, if having high UL transmission power, can impact more network nodes including overlaying pico cells and neighboring macro-cell. Those network nodes, if also configured with subframe-set based TPC, can further propagate such power driving.    
Observation-2: Subframe-set based TPC in macro-cell may propagate the interference penalty to more cells.

Secondly, because different pico cells may have different configurations of subframe sets, it is almost inevitable for the high-Po subframe set in macro-cell to overlay with both flexible subframe and fixed UL subframe in pico-cells. In this case, as shown in Figure 1, the eNB-to-eNB interference from pico-cells may drive the high Po in macro-cell (in subframe y), which in turn can result in higher interference to pico-cells (in subframe x) even though the interfered subframe is fixed UL subframe in pico cell. 

Observation-3: With subframe-set based TPC in macro-cell, the impact of high transmission power in one subframe set in pico cell may loop-back to another subframe set.
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Figure 1 Two-subframe-set TPC in macro-cell
With above analysis, we are conservative in considering “competitive TPC solution” in macro-cell.

3. Conclusions
The following issues can be found if activation of feature 7-2 is independent from feature 7-1. 
Observation-1: Subframe-set based TPC in a non-eIMTA cell makes the PUCCH in the same cell vulnerable to interference.

Observation-2: Subframe-set based TPC in macro-cell may propagate the interference penalty to more cells.

Observation-3: With subframe-set based TPC in macro-cell, the impact of high transmission power in one subframe set in pico cell may loop-back to another subframe set.

Therefore, we propose that

Proposal: To keep feature 7-2 dependent on feature 7-1. 
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