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1. Introduction
In the 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
Among these agreements, some concerns regarding separate accumulation of TPC commands for each subframe set were raised.  In this contribution, we discuss the necessity and potential issues of such separate TPC accumulation.  Some possible solutions to address these issues are also proposed.
2. Discussion
2.1. Necessity of separate TPC accumulation

With dynamic TDD reconfiguration, it is generally accepted that interference experienced by fixed and flexible UL subframes have different characteristics, e.g. potential eNB-eNB interference in flexible subframes while only UE-eNB interference in fixed subframes.  Such difference in interference scenarios motivates consideration of separate TPC accumulation.  Nevertheless, there are other scenarios where channel conditions of fixed and flexible subframes are not necessarily different, for example:

· Neighboring cells have low loading, hence no need for dynamic reconfiguration in neighbors;

· Neighboring cells have high loading, hence no need for dynamic reconfiguration in neighbors;

· Neighboring cell have mainly legacy UEs, hence no need for dynamic reconfiguration in neighbors;

· eIMTA cell is surrounded by non-eIMTA cells, e.g., at early stage of deployment.
In Figure-1 below, some sample statistics of IoT and SINR differences between fixed and flexible subframes are shown, where we assume neighboring cells are dynamically configured based on traffic.
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Figure 1: SINR and IoT differences between fixed and flexible subframes.
It is observed that both IoT and SINR observed in subframe #2 and #4 are very close.  In these cases where interference characteristics may be similar between fixed and flexible subframes, separate TPC accumulation is not necessary.
Observation 1: interference experienced by fixed and flexible subframes are not necessarily different all the time; separate TPC accumulation between fixed and flexible subframe sets is not always needed.

2.2. Potential issues of separate TPC accumulation
Separate TPC accumulation, besides its necessity concerns discussed above, has some potential issues in practical eIMTA operations in terms of power control rate and accuracy limitations.
· Power control rate

Flexible subframe set may not provide sufficient opportunities for TPC accumulation.  Some TDD configurations, e.g. #2, may not have flexible subframe set.  In case eNB stays in configuration-2 for a long time, power setting for flexible subframe set may be outdated, resulting in degraded system performance.

· Power control accuracy

Limited power control rate may degrade accuracy of closed-loop power control.  Due to dynamic reconfiguration, open-loop power control mechanisms may not be able to timely track interference variation in flexible subframe set.  In this case, closed-loop power control is possible to compensate for gap to open-loop power control gap.  However, with limited power control rate, there exists tradeoff between pull-in range and accuracy of closed-loop power control.
· TPC timing

In current LTE specifications, TPC timing does not take into account subframe set configurations.  For example, one TPC may apply to both fixed and flexible subframes.  Such ambiguity may result in unstable operation of closed-loop power control for eIMTA

Observation 2: separate TPC accumulation has some potential issues, including limitations of power control rate and accuracy, and backward compatibility of TPC timing.  

3. Solutions
Based on the above discussions, some solutions are provided.

3.1. Configurable TPC accumulation
Since there are scenarios where separate accumulation may not be necessary, and/or suffer from limitations of power control rate and accuracy, one solution is to define configurable TPC accumulation as either joint or separate over fixed and flexible subframe sets.  The TPC accumulation mode can be configured via higher-layer, MAC or L1 signaling.  For example, DCI-3/3A can be reused for indication with new TPC-accumulation-RNTI. 
Proposal 1: TPC accumulation shall be configurable as either jointly or separately for fixed and flexible subframe sets.  

3.2. Reinterpretation of TPC for PUCCH
For typical eIMTA operation, uplink control message can be transmitted in fixed UL subframes.  In this case, TPC for PUCCH in some DL assignments may not be necessary, and can be re-interpreted as TPC for PUSCH.  For example, for TDD configuration-0, TPC in subframe #0 is for PUCCH in subframe #4, which can be re-interpreted as TPC for PUSCH in subframe #4.  Reinterpretation of TPC can be configured or tied to TPC accumulation mode, e.g. if TPC accumulation is configured to be separate for fixed and flexible subframe sets, reinterpretation is initiated, which helps to improve power control rate and accuracy.
Proposal 2: reinterpret TPC for PUCCH as TPC for PUSCH to improve UL power rate.  
3.3. Differential TPC

Flexible subframe set may suffer from interference variation if open-loop power control is not adjusted in time, or parameter setting is not appropriate, or in case interference from neighboring eNB may fluctuate rapidly due to dynamic TDD reconfiguration.  To improve power control accuracy, TPC can contains two components, namely common and differential commands:
· Common TPC can be applied to all UL subframes;

· Differential TPC can be applied to flexible UL subframes on top to common TPC.
Activation of differential TPC mode can be configured or tied to TPC accumulation mode, e.g. if TPC is accumulated jointly over fixed and flexible subframe sets, differential TPC mode is activated.  Differential TPC can be carried over either TPC for PUSCH or reinterpreted TPC.

Proposal 3: apply differential TPC to improve UL power control accuracy.  
3.4. TPC timing

For TDD configuration-0, current TPC timing for PUSCH follow different timing than UL grant.  There exist scenarios where a TPC applies to both fixed and flexible subframes.  For example, if LSB of UL index is not set, subframes #7 and #8 may apply same TPC from #1.

One solution is to redefine TPC timing for TDD configuration-0 as that for UL grant.  For efficient multiple-TTI scheduling, eNB can find an appropriate subframe set partitioning.  Following the scheduling reference time is expected to be appropriate timing for TPC without issues of mixed fixed and flexible TPC.  In case of reinterpretation of TPC, reinterpreted TPC can override TPC in UL grant to avoid such issue as well.

Proposal 4: define TPC timing to avoid one TPC be applied to both fixed and flexible subframes. 
4. Conclusions
In this contribution, we discuss necessity and potential issues of separate TPC accumulation for fixed and flexible subframe sets.   It is observed that:

Observation 1: interference experienced by fixed and flexible subframes are not necessarily different all the time; separate TPC accumulation between fixed and flexible subframe sets is not always needed.

Observation 2: separate TPC accumulation has some potential issues, including limitations of power control rate and accuracy, and backward compatibility of TPC timing.  

Based on the discussions, we propose: 
Proposal 1: TPC accumulation shall be configurable as either jointly or separately for fixed and flexible subframe sets.
Proposal 2: reinterpret TPC for PUCCH as TPC for PUSCH to improve UL power rate.  
Proposal 3: apply differential TPC to improve UL power control accuracy.  
Proposal 4: define TPC timing to avoid one TPC be applied to both fixed and flexible subframes. 
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