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1. Introduction

In RAN1 #75, it is agreed that

· P0 and alpha configuration for the two subframe sets is via RRC signalling

· For power control command step size, no change relative to Rel-11

· FFS PHR related issues till RAN1#76, especially regarding whether current PHR mechanism can have PHR reports for the two subframe sets

· FFS till RAN1#76, including at least the following issues:

· Application of power control commands

· Alt 1: separate power control commands only

· Alt 2: configurable between separate and joint power control commands

· TPC timing issues, if any, for configuration #0

· SRS power control related issues

Furthermore, it is agreed that TPC commands are accumulated separately for each subframe set, but UE’s behavior is not clear when accumulation is not enabled and no absolute TPC command is received. 
In this contribution, we discuss the absolute close loop power control (CLPC) and then the issues on SRS power control and PHR. We also present our preferred solution for TPC timing under D/U configuration 0.
2. Absolute CLPC
Unlike the accumulation power control, which derives the TPC step in one subframe based on the TPC applied in one of previous subframe in the same set, the absolute power control keeps the received TPC command independently applied per subframe, and therefore naturally supports subframe set based operation. However, the dependency between TPC steps in different subframes still exists in absolute power control. According to current specification, power adjustment state 
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if no TPC command is received in DCI format 0/4 regardless of whether subframe i and i-1 belong to the same subframe set or not. This violates the principle of subframe set based power control and can result in negative effect. 
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Fig 1 Necessity to have separate subframe sets for current absolute CLPC
For example, as shown in Fig 1, subframe 2/7 are configured as fixed uplink subframes in subframe set 1 and subframe 3/4/8/9 are flexible subframes in subframe set 2. If 4dB TPC command is applied in subframe 4 to conquer strong DL interference of subframe set 2 and no further TPC command is received for subframe 7, the PUSCH transmission power in subframe 7, which observes only low interference, would also increased by 4dB. This can increase unnecessary power consumption and may result in additional interference to adjacent cell. Even though eNB can explicitly send absolute TPC command to adjust transmission power as desired, doing so may introduce unnecessary overhead and there is no guarantee the UE receives the adjustment.
Proposal 1: It should be clarified that the default absolute power control operation when no TPC command is received is also operated in subframe set based manner.
3. SRS Power Control Parameters
The remaining issue in the SRS power control is how to apply two sets of power control parameters. One straightforward method as mentioned in [2] is to transmit SRS with power control parameters corresponding to the UL subframe set, in which SRS is transmitted. However, the drawbacks of this method include:
· Higher SRS overhead and more power consumption
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Fig 2 Two Examples of Subframe Grouping
Subframes are classified into two subframe sets according to the interference level, which is usually equivalent to interference type. It is quite likely that one subframe set consists of fixed uplink subframe(s) that only suffer UE-eNB interference and another set consists of flexible subframes that suffer both UE-eNB and eNB-eNB interference. If SRS period is larger than 5ms, subframes for SRS transmission will periodically fall into the same subframe set in most of cases, which makes channel sounding with power control parameters of another subframe set impossible. So the shorter SRS period (2ms or 5ms) has to be used, which dramatically increases SRS overhead and also increase power consumption of UE. For example, as shown in Fig 2-(1), if subframe 2/7 configured as fixed uplink subframes form subframe set 1 and subframe 3/4/8/9 configured as flexible subframe form subframe set 2, then only 2ms SRS periodicity can be used in order to send SRS in each subframe set. Another example is shown in Fig 2-(2) where only subframe 2 is fixed uplink subframe and subframe 3/4/7/8/9 are flexible subframes, SRS period has to be less  than or equal to 5ms.
· Higher dependency on D/U reconfiguration signalling and direction of flexible subframe
If SRS should be transmitted in flexible subframes, real-time D/U reconfiguration signalling is needed to indicate whether the flexible subframe is turned into uplink. If D/U reconfiguration signalling is not correctly received by UE or is not sent by eNB at all, SRS transmission in that subframe is blocked. Furthermore if the direction of all flexible subframes in the set is downlink for some time, eNB cannot obtain channel information of the set, then link adaptation cannot be timely performed when uplink traffic bursts emerge and flexible subframes need to be changed to uplink.
In order to avoid the aforementioned drawbacks, we propose to decouple SRS’s power control parameters and its transmission subframe. Two schemes as described below can be considered.
· Scheme1: two SRS processes

One potential scheme is to semi-statically configure two SRS processes for one UE. Each SRS process uses one set of power control parameters. Fig 3-(1) is the example of two SRS processes for SRS trigger type 0 with frequency hopping enabled. Fig 3-(2) is the example of two SRS processes for SRS trigger type 1 or SRS trigger type 0 with frequency hopping disabled. SRS period of the two processes are 10ms and both of them are transmitted in UpPTS, which can save resources of normal subframes. 
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Fig 3 Example of two SRS Processes
All SRS related parameters can be independently configured for two SRS processes if flexibility is desired. However if RRC signalling overhead is the most concern, some parameters can be shared by two SRS processes, e.g. bandwidth, cyclic shift, comb, etc. The specification effort is small for this scheme since almost all of current SRS designs can be reused.
· Scheme2: one SRS process
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· Fig 4 Example of one SRS Process
Another scheme is to apply one SRS process. Fig 4-(1) and Fig 4-(2) are the examples for SRS with frequency hopping enabled and disabled, respectively. SRS is transmitted every 10ms in UpPTS. It is necessary in this scheme to define a rule to switch power control parameters set among different transmission instances in one SRS processes. The rule in SRS antenna selection can be reused for such switch, i.e,
	· If frequency hopping is disabled for SRS trigger type 0, then
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Note: this formula can also be applied to SRS trigger type 1; 

· if frequency hopping is enabled for SRS trigger type 0, then
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, BSRS, bhop, Nb, and nSRS are given in Section 5.5.3.2 of 36.211.


Proposal 2: SRS’s power control parameters should be decoupled from SRS transmission subframe position. Both scheme 1 and scheme 2 can be considered.
As shown in above analysis, transmitting SRS with two power control parameter sets can double the SRS overhead comparing to the case where only one power control parameter set is used. A possible enhancement can be considered for SRS trigger type 1 triggered by DCI format 4 since three aperiodic SRS configuration sets are dynamically selected by eNB. If two aperiodic SRS configuration sets with two different power control parameter sets are configured to use the same SRS resources as shown in Fig 5, the SRS resource reservation can be reduced.
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Fig 5 Enhancement for SRS Trigger type 1

Proposal 3: The enhancement for SRS trigger type 1 triggered by DCI format 4 can be considered to reduce SRS overhead.
Additionally, if a common alpha is configured by eNB for two subframe sets and high reliability of TPC command in CLPC is guaranteed or CLPC mechanism is not enabled by eNB, it is possible to deduce PUSCH receiving powers in two subframe sets based on SRS transmission using one power control parameter set. Therefore eNB should be allowed to configure one power control parameter set for SRS transmission even if two subframe sets with separate OLPC parameters and independent accumulation of TPC command are configured on PUSCH.
Proposal 4: eNB should be able to configure whether one or two power control parameter sets is used for SRS transmission.
4. PHR Operation
PHRs of two subframe sets can be totally different due to separately applied power control process. Similar to SRS, eNB may not be able to deduce PHR of one subframe set from the PHR reported for another subframe set, due to unknown pathloss and possibly out-of-tracked power adjustment history. Therefore it is necessary for UE to report PHRs of both subframe sets. Although PHR calculation in current specification is per subframe basis, it is not efficient to report power headroom of two subframe sets with current PHR mechanism. The drawbacks, such as scheduling restriction, increased overhead, lack of timely power headroom information of both subframe sets at eNB, have been analysed and shown in [6].
Proposal 5: Consider enhancement to current PHR mechanism to support PHR reporting for two subframe sets efficiently.
Furthermore, if extendedPHR and simultaneousPUCCH-PUSCH are simultaneously configured, both type 1 and type 2 PHR are reported according to current specification. However, depending on the configuration in real network, PUCCH may not appear in one subframe set, e.g. flexible subframe set in order to protect PUCCH from downlink interference. Then type 2 PHR for this subframe set is useless but only wastes uplink resource. Therefore eNB should be able to turn off type 2 PHR for a subframe set when extendedPHR and simultaneousPUCCH-PUSCH are simultaneously configured.
Proposal 6: eNB should be able to turn off type 2 PHR for a subframe set when extendedPHR and simultaneousPUCCH-PUSCH are simultaneously configured.
5. Interpretation of TPC Command in UL-DL configuration 0
If D/U configuration 0 is used to derive uplink reference HARQ timing which is also applied to PUSCH power control, one TPC command may correspond to two subframes belonging to different subframe sets according to current specification. For example, as shown in Fig 6-(1), for the TPC command received in subframe 1, both MSB and LSB of UL index in the carrying DCI can be set such that the TPC is applied to subframes 7 and 8, which belong to subframe sets 1 and 2 respectively. This operation does not align with principle of subframe set based power control and may result in negative effect as analyzed in section 2.
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Fig 6 Power Control Timing
For DCI 3/3A, a RNTI based solution is mentioned in [3], i.e. the value of RNTI also indicates the subframe set, to which the TPC command is applied. This solution may cause unnecessary overhead increase. Because if PUSCH transmission power on two subframes belonging to different subframes sets need to be adjusted at the same time but with different CLPC steps, eNB has to send two PDCCHs (DCI 3/3A) for the two subframes respectively. 
In contrast, we propose to allocate two TPC field in DCI 3/3A to one UE through RRC signaling. As for interpretation of the two TPC fields, one TPC field inherits the meaning and timing of legacy system in order to track channel variation, the other one is used to indicate an additional power adjustment offset for a certain subframe set (e.g. flexible subframe set) in order to compensate interference fluctuation. An example is shown in Fig 6-(2). This differential-TPC mechanism can enlarge dynamic range of power adjustment of flexible subframes, which adapts to interference fluctuation more effectively in case of open-loop power control parameters are not adjusted in time, or not properly set  as discussed in [4]. Note that the performance gain of CLPC with enlarged dynamic range is also verified by the simulation results in [5].
For DCI 0/4, the problem only appears when PUSCHs on two uplink subframes linked to one downlink subframe are scheduled at the same time with one UL GRANT and their transmission power need to be adjusted with different TPC steps. Therefore, eNB can avoid multi-TTI scheduling in such scenario and send two UL GRANTs. Although this implementation-based solution is inefficient from the perspective of signaling overhead, it is simple and acceptable since TDD IMTA is mainly used with low to medium traffic load. Whether additional enhancement is needed can be further studied.
Proposal 7: When SIB1 indicates UL-DL configuration #0, 
·  For DCI 3/3A, two TPC fields can be allocated to one UE through RRC signaling. One TPC field use the same interpretation and timing as legacy system and the other one represents an additional power adjustment offset applied to a certain subframe set.
·  For DCI 0/4, implementation-based solution can be used. 
6. Conclusions
In summary, we propose 
Proposal 1: It should be clarified that the default absolute power control operation when no TPC command is received is also operated in subframe set based manner.
Proposal 2: SRS’s power control parameters should be decoupled from SRS transmission subframe position. Both scheme 1 (two SRS process) and scheme 2 (one SRS process) can be considered.
Proposal 3: The enhancement for SRS trigger type 1 triggered by DCI format 4 can be considered to reduce SRS overhead.
Proposal 4: eNB should be able to configure whether one or two power control parameter sets is used for SRS transmission.
Proposal 5: Consider enhancement to current PHR mechanism to support PHR reporting for two subframe sets efficiently.
Proposal 6: eNB should be able to turn off type 2 PHR for a subframe set when extendedPHR and simultaneousPUCCH-PUSCH are simultaneously configured.

Proposal 7: When SIB1 indicates UL-DL configuration #0, 
·  For DCI 3/3A, two TPC fields can be allocated to one UE through RRC signaling. One TPC field use the same interpretation and timing as legacy system and the other one represents an additional power adjustment offset applied to a certain subframe set.
·  For DCI 0/4, implementation-based solution can be used. 
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