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1 Introduction
As part of the TDD eIMTA work item, RAN1 has agreed to support dynamically changing the TDD UL/DL configuration in a TDD cell and is currently addressing the means to do this as well as the impacts of the dynamic change.  

RAN1 has provided an LS to RAN 2 (R2-133056) with the agreements on L1 signaling for UL/DL reconfiguration and on the HARQ timeline.  The agreements from the LS that are relevant to this contribution are included in the Appendix. 
Since the dynamic change can be done independently per cell, one of the concerns is the increase in interference which may occur in the subframes which may have differing directions from neighbor cells. 

To avoid excessive interference which would defeat the purpose of using the dynamic change, it is expected that at least some subframes among neighboring cells will have the same direction always and some will differ.  As a result, RAN1 has agreed to introduce subframe dependent power control which will enable controlling power separately for subframes which may have different interference characteristics than others.  The agreement allows for the separate control of power for two sets of subframes.

In RAN1 #74, the following was agreed [1]:

· In UL, 
· 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
In this contribution, we discuss the impacts that dynamically changing UL/DL subframe configurations and multiple power control loops may have on RAN2 procedures.

2 Discussion

2.1 Power Headroom Reporting (PHR)

Based on the RAN1 agreements, potential UL subframes will belong to one of two sets and for each set there will be separate open loop power control parameters (Po and alpha) and a separate TPC accumulation.  When determining the PUSCH power for transmission in subframe i, the parameters and TPC accumulation corresponding to the set that subframe i belongs to will be used.

When a power headroom report is sent, the power headroom reported for a serving cell is, in principle, the delta between the maximum power (Pcmax,c) for that subframe and the calculated power for that subframe before any reduction due to exceeding maximum power is applied.

For the case of subframe sets with independent power control, power headroom reported in subframe i would, therefore, correspond to the power headroom calculated based on the parameters and TPC accumulation of the set subframe i belongs to, which would be one of the two sets.  Since the power headroom for the two sets would be different, this may not be sufficient information for proper scheduling decisions for the subframes of the other set.

To better understand the difference between the power headrooms for the two sets, the Type 1 power headroom equation in 36.213 [3] should be examined. The parts of the equation affected are the terms related to Po, alpha, and the TPC accumulator, namely 
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.  Since Po is signaled by the eNB it is known to the eNB, so the difference between the two sets that the eNB does not know is the sum of the pathloss term and the TPC accumulation term:  
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Power headroom for subframe i would, therefore, provide the scheduler with the headroom corresponding to 
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 for one subframe set and provide no information regarding 
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 for the other subframe set.  This may not be sufficient.

Proposal 1: RAN2 should discuss PHR for the case of subframe dependent power control.

2.2 Discontinuous Reception (DRX)

Based on the RAN1 agreements, the direction of subframes in one frame may be different from the direction of those subframes in another frame and the reconfiguration (i.e., the direction change) will be signalled explicitly in (E)PDCCH. How often the configuration may change and the fallback mechanism for what directions to use in case of missed reconfiguration are under discussion.

Direction changes and possible missed direction changes will have an effect on which subframes should be considered PDCCH-subframes for the purposes of DRX.  RAN2 should take this into consideration and include DRX as a topic for discussion, but should wait until RAN1 has finalized the reconfiguration requirements. 

Proposal 2: RAN2 should discuss PDCCH-subframes for DRX with eIMTA.

2.3 Semi-Persistent Scheduling (SPS)

In a cell supporting eIMTA, some subframes will be “fixed” subframes (not subject to reconfiguration) and some will be “flexible” subframes (subject to reconfiguration). Subframes 0, 1, 2, and 5 will always be fixed subframes since in all TDD configurations subframes 0 and 5 are DL, subframe 2 is UL, and subframe 1 is a special subframe. Based on the UL/DL configuration choices and scheduling decisions of the eNB, the remaining subframes could be fixed or flexible.

RAN2 should consider the impacts of eIMTA on SPS including the following two scenarios:

1. SPS configuration not limited to fixed subframes

2. SPS limited to fixed subframes.

For scenario 1, if an SPS allocation were to coincide with a subframe which was reconfigured to the opposite direction of the allocation, UE behavior would need to be defined.

For scenario 2, it would seem that there would be no effect on SPS operation, only limitations on scheduler flexibility, so this may be the best approach.  However, RAN2 should evaluate the extent of the limitations for the various combinations of fixed and flexible subrames to determine if the limitations are acceptable.

Proposal 3: RAN2 should evaluate the impacts of eIMTA on SPS.

3 Conclusion
As a result if the agreements in RAN1 regarding TDD UL/DL reconfiguration and subframe dependent power control the follow proposals are made:

Proposal 1: RAN2 should discuss PHR for the case of subframe dependent power control.

Proposal 2: RAN2 should discuss PDCCH-subframes for DRX with eIMTA.

Proposal 3: RAN2 should evaluate the impacts of eIMTA on SPS.
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5 Appendix
The following are the agreements in the LS from RAN1[2] regarding signaling for UL/DL reconfiguration and HARQ timeline for eIMTA that are relevant to this discussion: 
· Agreements on L1 signaling for UL-DL reconfiguration
· No new TDD UL-DL configurations are introduced in the backward compatible carrier (in WI on TDD eIMTA)
· Explicit L1 signalling by UE-group-common (E)PDCCH is used for TDD UL-DL reconfigurations 
· The explicit L1 signaling is used to at least inform the UE of the downlink subframes to detect (E)PDCCH, and to possibly measure CSI

· Other purposes of this L1 signaling are FFS

· Agreements on HARQ timeline

· Downlink HARQ timing follows a higher layer RRC configured TDD configuration

· At least configurations 2 and 5 can be selected

· FFS other configurations

· Further decide on the uplink scheduling and HARQ timing between the following alternatives

· Alt-1:Uplink scheduling timing and HARQ timing follow TDD configuration signaled in SIB1

· Alt-2: Uplink scheduling timing and HARQ timing follow a higher layer RRC configured TDD configuration.

· Observation: 
· Uplink and downlink scheduling and HARQ feedback timing is not dependent on explicit L1 signalling.
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