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1. Introduction
In RAN1 #74 meeting, uplink power control for eIMTA was discussed with the following agreements achieved [1]:
· Up to two sets of subframes  will be UE-specifically signaled per serving cell
· A potential UL subframe  will belong to one of the above mentioned sets

· Up to two sets of open-loop power control parameters (Po and alpha) are defined

· These parameters are applicable to PUSCH and SRS channels

· TPC commands are accumulated separately for each subframe set
· FFS on
· whether the subframe set is signaled in semi-static or dynamic manner
· details of how to determine the parameters of each PUSCH and SRS transmission 
· whether to enlarge TPC steps assuming the same number of TPC bits as in current specification
· PHR operation
In this contribution, we discuss the details of uplink open loop power control mechanism and signaling for TDD eIMTA.
2. PUSCH and SRS power control
It was agreed that up to two sets of open-loop power control parameters (Po and α) are defined for PUSCH and SRS, the details of how to determine the parameters of each PUSCH and SRS transmission and how to signal the subframe sets are FFS. In this contribution we propose some potential solutions for signaling of two sets of (Po, α) and the association of (Po, α) with different subframe sets.

2.1. Signaling of two sets of (Po, α)

According to the achieved agreements, two sets of open-loop power control parameters (Po and α) need to be defined for the two subframe sets. 
Although both Po and α can be different, considering α is mainly used for fractional power control and IoT shaping, the benefit of configuring different α for two sets is not clear. Moreover, the interference difference between two sets can be fully compensated by configuring two different Po values.  
Proposal 1: A single alpha is configured for two set open loop power control.
Since typical eIMTA scenario is small cells with low loading and the number of coupled neighbor cells is small in most of the cases, the interference level difference between fixed UL subframes and flexible UL subframes will not change dynamically due to traffic on/off pattern in the coupled neighbor cells. The semi-static configuration of two set Po values is sufficient. Therefore, we recommend reusing (Po, α) values and RRC signaling as in Release 8-11 for the first sub-frame set, and redefine another Po value for the second subframe with the following options:     
· Option 1: absolute Po values for the second subframe set 
In this option, another absolute value of Po is defined for the second subframe set. For example, a second p0-UE-PUSCH can be defined and informed to UE via RRC signaling. However, the current range of p0-UE-PUSCH is only from -8 to +7 dB. It needs further study whether the range extension is required.
· Option 2: relative an offset value of Po for the second subframe set
In this solution, the Po offset for the second subframe set is defined and informed to UE via RRC signaling. The actual value of Po value for the second subframe will be derived by adding the offset to the Po value of the first subframe set. The offset value can be determined from the interference difference between two subframe sets based on the uplink measurement. For example, a set of possible values of {5dB, 10dB, 15dB, 20dB} is pre-defined and one of the values is selected and configured to the UE. The benefit of Option 2 is signaling overhead reduction compared to Option 1 and the current range of p0-UE-PUSCH can be kept. 

Proposal 2: Reuse (Po, α) values and RRC signaling as defined in Release 8-11 for the first subframe set, define new RRC signaling of Po value for the second subframe sets and the values can be defined in either absolute or relative way.
2.2. Sub-frame set partitioning and association with (Po, α) values
There are several options for the eNB to determine the subframe set partitioning for UL power control,  

· Option 1: fixed subframe set partitioning 
In this option, subframe #2 which is always an UL subframes among all seven TDD UL-DL configurations, will be included in the first subframe set, and all the other possible subframes, e.g. #3, #4, #7, #8, and #9 are included in the second subframe set. Since the subframe partitioning is fixed, the association of (Po, α) with subframe set can be fixed as well; that is, subframe set 1 uses the first group of (Po, α) value and subframe set 2 uses the second group of (Po, α) value, and no signaling required for association.                  
· Option 2: semi-static subframe set partitioning

The UL subframe partition to the subframe set can be based on the configuration of the coupled neighboring cells or the averaged IoT measurement. For example, when one subframe is used as UL subframe in the coupled neighbor cell, it will be included in the first subframe set. If one subframe could have a different transmission direction than that of the coupled neighbor cell, it will be grouped into the second subframe set. The partition of subframes into the subframe set is informed to UE via dedicated RRC signaling with a bitmap. For example, a 10-bit bitmap is defined with each bit indicating which subframe set the corresponding subframe in one radio frame belongs to, i.e., value of “0” indicates belonging to subframe set 1 and value of “1” indicates belonging to subframe set 2. According to current agreement, the DL subframe or special subframe indicated by the SIB1 configuration cannot be reconfigured as UL subframe, the above subframe partition shall be applied only for UL subframes indicated by SIB1 configuration.     

· Option 3: dynamic subframe set partitioning 
It is similar to Option 2 but the subframe set partition is performed in a dynamic manner. Assuming ideal backhaul, the serving cell can get the used configuration of the coupled neighbor cells and use this information to configure the subframe set for each UE. In other words the association of two set open loop power control parameters to each UL subframe is dynamically configured to combat fast interference variation due to traffic adaption of the coupled cell. Option 3 has some benefits especially when considering traffic adaption and reconfiguration can be performed in the time scale of 10ms and using RRC signaling for TX power update may not be able to track fast interference variation. With dynamic subframe set partition, the interference difference due to eNB-eNB interference can be compensated mostly by open loop power control and close loop power control is then used only to track channel variation. However, if the backhaul is not ideal, the serving cell has to rely on IoT measurement for dynamic set partition which will degrade the gain from dynamic open loop power control. Furthermore, the L1 signaling design for dynamic subframe set partition may require more specification efforts. The missed detection of L1 signaling for dynamic set partition needs also to be considered. In that case, semi-static subframe set partitioning may be more appropriate.   
Proposal 3: Semi-static configuration of subframe set partition can be considered for eIMTA. 
3. PUCCH power control 
In RAN1 #74bis meeting, the following agreements for DL HARQ process have been achieved in [2]: 
· DL HARQ reference configuration can choose from Rel-8 TDD UL-DL configurations {2, 4, 5}.

According to this agreement, when TDD UL-DL configuration 2 or 4 is used as DL HARQ reference configuration, the reconfigurable TDD UL-DL configurations should be limited to {0, 1, 2, 6} and {0, 1, 3, 4, 6} respectively. HARQ-ACK transmitted in fixed UL sub-frames #2 will not suffer from eNB-eNB interference; HARQ-ACK transmitted in subframe #3 or #7 may suffer from eNB-eNB interference dependent on which DL reference configuration is used in the coupled neighbor cell. In such case, the enhancement of PUCCH power control seems necessary. For example, similar to PUSCH and SRS power control, two set open loop power control parameters can also be defined for PUCCH.  

However, different from PUSCH and SRS, the legacy UE may also transmit PUCCH in SF #3 or #7 multiplexed on the same RB as eIMTA UE. If additional power boosting is configured for eIMTA UE to combat the possible eNB-eNB interference, the PUCCH of the legacy UE will suffer both eNB-eNB interference and the increased intra-cell interference from eIMTA UE, resulting in significant performance loss. Therefore, whether to use a different PUCCH power control for eIMTA UE needs careful investigation.
On the other hand, the PUCCH interference issue can be solved via proper inter-cell coordination. For example, the same DL HARQ reference configuration is used between the coupled neighbor cells. If this cannot be applied it is also possible to use the per-RB level OI to mitigate the interference on PUCCH. The aggressor cell would try to avoid scheduling any DL transmission in the RBs reserved for PUCCH in the neighboring cell if it receives the OI indicator. Since PUCCH is only transmitted on few RBs of the edge band the impact on DL throughput is minor when avoiding DL scheduling on PUCCH resources of the neighboring cell. 
Proposal 4: Enhancement for PUCCH power control needs to consider the impact on the legacy UE. Implementation based solution such as inter-cell coordination via OI can be considered.

4. Conclusions
In this contribution, we discuss the details of uplink open loop power control and signaling mechanism for TDD eIMTA. We have made the following proposals based on the discussion.
Proposal 1: A single alpha is configured for two set open loop power control.
Proposal 2: Reuse (Po, α) values and RRC signaling as defined in Release 8-11 for the first subframe set, define new RRC signaling of Po value for the second subframe sets and the values can be defined in either absolute or relative way.
Proposal 3: Semi-static configuration of subframe set partition can be considered for eIMTA. 
Proposal 4: Enhancement for PUCCH power control needs to consider the impact on the legacy UE. Implementation based solution such as inter-cell coordination via OI can be considered.
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