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1. Introduction

In RAN1# 74 meeting the following agreements about uplink power are achieved 
· 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
Although it is agreed that TPC commands are accumulated separately for each subframe set, UE’s behavior is not clear when accumulation is not enabled and no absolute TPC command is received. In this contribution, we begin with the discussion of absolute close loop power control (CLPC) and then two FFS issues are discussed, i.e. how to determine power control parameters of SRS transmission and how to implement PHR operation for two subframe sets. 
2. Absolute CLPC
As shown in [1], the interference that different uplink subframes confront may be dramatically different when applying dynamic D/U reconfiguration. Therefore two subframe sets with separate open-loop power control (OLPC) parameters and independent accumulation of TPC command are supported in order to overcome different interference strength mainly resulted from different interference type, i.e. DL-to-UL interference and UL-to-UL interference. 
It is known that absolute TPC command is subframe specific, so it naturally supports subframe set based operation. However, 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 spirit of subframe set based power control and results in negative effect. 
For example, as shown in Fig 1, subframe 2/7 are configured as fixed uplink subframes which are classified as subframe set 1 and subframe 3/4/8/9 are flexible subframes which are classified as subframe set 2. When 4dB TPC command for subframe 4 is used to conquer strong DL interference of subframe set 2, the transmission power of PUSCH in subframe 7 belonging to subframe set 1 with low interference is also increased by 4dB if -4dB TPC command is not received, which will increase unnecessary power consumption and may result in additional interference to adjacent cell. Of course eNB can explicitly send absolute TPC command to adjust transmission power as desired, but this will cause more unnecessary overhead.

[image: image3.emf]D S U F F D S U F F

U

0 1 2 3 4 5 6 7 8 9

Set2

Set1 power increases 

by 4dB

fc(7) =fc(4) 

if no TPC received


Fig 1 Necessity to have separate subframe sets for current absolute CLPC
Observation 1: Missing of definition of separate subframe set in current absolute CLPC violates the spirit of subframe set based power control and may result in negative effect in TDD IMTA.
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
Two subframe sets with separate OLPC parameters (Po/alpha) and independent accumulation of TPC command are supported for PUSCH in order to resolve interference problem as analyzed in last section. However because the pathloss is unknown to eNB and eNB may not be 100% sure whether all the past TPC commands per subframe set are correctly received by UE due to PDCCH miss detection, eNB cannot deduce receiving power of PUSCH of two subframe sets from SRS transmissions if those SRS transmissions are bound to only one set of power control parameters (Po/alpha/fc(i)). Therefore SRS transmission with two sets of power control parameters was also supported in RAN1 #74 meeting. 
The remaining issue is how to apply two sets of power control parameters to SRS transmission. 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
Subframes are usually classified into two subframe sets according to the interference type in order to conquer different interference condition effectively. Therefore, as shown in Fig 2, it is a common case that one subframe set consists of fixed uplink subframe(s) which only suffer uplink to uplink interference and another one consists of flexible subframes which suffer both uplink to uplink interference and downlink to uplink interference.
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Fig 2 Two Examples of Subframe Grouping
If SRS period is larger than 5ms, subframes for SRS transmission will periodically fall into one same subframe set in most of cases, which makes channel sounding with power control parameters of another subframe set impossible. As a consequence shorter 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 with power control parameters that are applied to subframe set of flexible subframes can only be transmitted in flexible subframes, then 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, channel sounding of that subframe set is impossible. 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.
Observation 2: Drawbacks are identified for the power control of SRS to follow the power control parameters of subframe set in which SRS is transmitted.
Another idea, which avoids the aforementioned drawbacks and meanwhile is more flexible, is 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. All SRS related parameters can be independently configured for this 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.
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. Note that uplink interference measurement doesn’t necessarily rely on SRS, e.g. it can be performed in the resource where no PUSCH is scheduled or taken from the result of received signal minus the signal of target cell.


[image: image5.emf]DSUFF DS UF F DS UF FDSUF F

SRS process0 with PC parameter set0 SRS process1 with PC parameter set1

t

f

DSUFF DS UF F

(1)

(2)

DS UF FDSUF F

DS UFF DS UF FDS UF FDSUFF DSUFF DS UF FDS UF FDSUFF


Fig 3 Example of two SRS Processes
This scheme is very flexible since two SRS process can be independently configured. Moreover the specification effort is small since almost all of current SRS design can be reused.
· Scheme2: one SRS process
Another potential scheme is to apply one SRS process. At this time, we need to define a rule to change power control parameters set among different transmission instances in one SRS processes. Fig 4-(1) is the example for SRS trigger type 0 with frequency hopping enabled. Fig 4-(2) is the example for SRS trigger type 1 or SRS trigger type 0 with frequency hopping disabled. SRS period is 10ms and UpPTS is used to accommodate SRS symbols.
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Fig 4 Example of one SRS Process
Observation 3:There are ways to decouple SRS’s power control parameters from its transmission subframe position, which  avoids drawbacks of transmitting SRS with power control parameters of subframe set where SRS is transmitted
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 will increase SRS overhead since SRS periodicity has to be reduced by half compared to the case where 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, then resource reservation for aperiodic SRS is able to be reduced as shown in Fig 5.
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Fig 5 Enhancement for SRS Trigger type 1

Observation 4: SRS transmission with two power control parameter sets can increase SRS overhead
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 is guaranteed or CLPC mechanism is not enabled by eNB, it is sufficient to deduce receiving power of PUSCH in two subframe sets through SRS transmission with one power control parameter set. Therefore it should be possible for eNB 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.
Observation 5: SRS transmission with two power control parameter sets is not always necessary.
Proposal 4: it should be possible for eNB to configure whether one or two power control parameter sets is used for SRS transmission
4. PHR Operation
PHRs of two subframe sets are totally different due to separately applied power control process. Moreover, similar to SRS, PHR of one subframe set may not be deduced by eNB from PHR of another subframe set due to unknown pathloss and possibly out-of-tracked power adjustment history. Therefore PHRs of both subframe sets are necessary to be informed to eNB for the correct decision on power boosting of all possible uplink transmissions. 
Observation 6: reporting PHRs of two subframe sets is necessary for eNB to make correct decision on power boosting of all possible uplink transmissions.
Proposal 5: reporting separate PHR per subframe set should be supported
According to current specification, if extendedPHR and simultaneousPUCCH-PUSCH are simultaneously configured, both type 1 and type 2 PHR will be reported. However, it is possible for eNB to restrict PUCCH transmission only in one subframe set which consists of fixed uplink subframes in order to protect PUCCH from downlink interference. At this time, type 2 PHR for another subframe set is not necessary. Therefore eNB should be able to turn off type 2 PHR for a subframe set when extendedPHR and simultaneousPUCCH-PUSCH are simultaneously configured, which can reduce uplink overhead.
Observation 7: type 2 PHR is not always necessary for both subframe sets.
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. Conclusions
In this contribution, we discussed issues bout absolute CLPC, SRS power control and PHR. Following observations are obtained
Observation 1: Missing of definition of separate subframe set in current absolute CLPC violates the spirit of subframe set based power control and may result in negative effect in TDD IMTA.
Observation 2: Drawbacks are identified for the power control of SRS to follow the power control parameters of subframe set in which SRS is transmitted.
Observation 3:There are ways to decouple SRS’s power control parameters from its transmission subframe position, which  avoids drawbacks of transmitting SRS with power control parameters of subframe set where SRS is transmitted.
Observation 4: SRS transmission with two power control parameter sets can increase SRS overhead
Observation 5: SRS transmission with two power control parameter sets is not always necessary.
Observation 6: reporting PHRs of two subframe sets is necessary for eNB to make correct decision on power boosting of all possible uplink transmissions.
Observation 7: type 2 PHR is not always necessary for both subframe set.
According to above observations, 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 and scheme 2 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: it should be possible for eNB to configure whether one or two power control parameter sets is used for SRS transmission
Proposal 5: reporting separate PHR per subframe set should be supported
Proposal 6: eNB should be able to turn off type 2 PHR for a subframe set when extendedPHR and simultaneousPUCCH-PUSCH are simultaneously configured.
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