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1. Introduction
In RAN#58, a new work item of LTE_TDD_eIMTA was approved [1].  The objective of this work item is to enable TDD UL-DL reconfiguration for traffic adaptation in small cells, including:
· Agree on the supported time scale together with the necessary signaling mechanism(s) for TDD UL-DL reconfiguration and specify the necessary (if any) enhancements for TDD UL-DL reconfiguration with the agreed time scale and signaling mechanism(s), e.g.

· HARQ/scheduling timeline, 
· RLM/RRM measurements, 
· CSI reporting;
A number of signaling options have been discussion during SI phase of eIMTA study, including SIB, paging, RRC, MAC and L1 signaling.  Extensive evaluation results have shown that generally faster reconfiguration provides more gains compared to slower ones.  On the other hand, due to inherent transition issues, implementation of faster reconfiguration increases complexity as well as loss due to boundary effects [2].

In this contribution, we consider general aspects of signaling time scale and mechanisms to facilitate TDD UL-DL reconfiguration for eIMTA.  Interference mitigation schemes are discussed in a companion contribution [3].
2. Signaling Design

During the study item phase of eIMTA work, time scale and supporting mechanisms have been widely discussed.  For example, reconfiguration time scale can be as fast as 10ms via L1 signaling, 200ms based on RRC signaling, or 640ms based on SIB.  In this section we first discuss time scale related issues then address different aspects of signaling mechanisms to support efficient eIMTA operation.
2.1. Time Scale

As has been show by extensive simulations, smaller time scale of reconfiguration provides better performance over larger ones due to faster adaptation to UL/DL traffic loading.  Configuration ambiguity is inevitable during transition state.  In this case, smaller time scale of reconfiguration has also shorter period of configuration ambiguity between eNB and UE.

Note that smaller time scale does not necessarily mean frequent reconfiguration, which depends on implementation.  Evaluation results in the Appendix show that even with fast reconfiguratoin rate of 10ms, the period of system staying in one configuration is typically much longer than a frame period.  Impact of applying a timer to fast reconfiguration is fairly minor compared to time scale on order of timer.
Taking into account the above facts and observations, one solution to take advange of fast adaptation while limit the impact of transition state is to apply a timer after reconfiguration.  To be specific, small reconfiguration time scale of 10ms is supported, and after reconfiguration a timer is triggered to freeze reconfiguration.  Such L1 signaling plus timer solution has the potential to adapt to traffic loading timely while impacts due to transition state can be controlled to acceptable level. 
Proposal 1: support L1 signaling plus a prohibit timer to achieve both fast adaptation and limited boundary effects.
2.2. Mechanisms

Dedicated vs. Common Signaling:  
Reconfiguation indication can be signaled to either a group of UEs supporting eIMTA operation or individual UE in dedicated fashion.  According to evaluation during the SI stage, eIMTA gain can be achieved in low-to-medium traffic loading [4].  Therefore low loading scenario is naturally target for optimization.  
Considering typical scenario where only limited number of UEs have traffic to be served, dedicated signaling fits well in such scenario compared to common signaling in terms of overhead and flexibility.  For example, a common L1 signal solution defines a new DCI in common search space to be monitored by all UEs supporting eIMTA, no matter they are active or not.  On the other hand, a dedicated L1 signaling can be defined targeting only to UE(s) with traffic to be served.  In case default configuration is UL-heavy for enery saving and/or interference mitigation, not all eIMTA-capable UEs need to be reconfigured.  If, for example, all of them are reconfigured to DL-heavy, all of them need to monitor more DL subframes than that in default.  This is not favorable especially in scenarios where eIMTA has potential benefit, i.e. low-to-medium loading.
From Inter-Cell Interference Coordination (ICIC) point of view, the interference condition is very similar to HetNet scenario.  Some of the subframes may suffer from interference but typically not all UEs will have the same impact.  In this regard, dedicated signaling offers the flexibility for eNB to control individual UEs based on their traffic loading and interference level.
Proposal 2: support dedicated signaling to achieve flexible reconfiguration of individual UE
Transition State HARQ Timing:

When the TDD system transition from one configuration to another, there will be boundary effects [2]. For example:

· How do we transmit UL or DL when the direction of that subframe changed?

· How do we transmit ACK/NACK when the diretion of that subframe changed?

· What is the performance loss if we reset the buffer?

These are some examples of potential impact on the boundary transition.  As discussed above, to support L1 signaling of as fast as 10ms time scale, such boundary effects will have some impact on system throughput.  While a prohibit timer helps to allievate the impact to some extent, further optimization is possible.  For example, for HARQ related boundary effects, one approach is to employ reference HARQ timeline during transition, e.g., reuse the reference HARQ timing designs in Rel-11 TDD carrier aggregation on different bands with different UL/DL configurations [5][6].  
Proposal 3: support reference HARQ timeline during reconfiguration boundary

A simplest solution is to use HARQ timeline specified in TDD configuration 2 and 0 for downlink and uplink reference HARQ timing respectively.  Nevertheless, employing fixed extremely UL/DL-heavy configuration timeline as reference also imposes constraint on performance of flexible traffic adaptation due to resource limitation in ACK transmission in these reference configuratoins.  Depending on reconfiguration scenarios, i.e., configurations before and after boundary, other reference HARQ timeline can also be considered.  For example, for reconfiguration from configuration-6 to configuration-1, UL reference HARQ timing can use configuration-6 as reference.
Proposal 4: support reconfigurable reference HARQ timeline during reconfiguration boundary

Reconfiguration of Special Subframe:

Special subframe (SSF) contains DwPTS, GP and UpPTS.  For different special subframe configurations, number of symbols occupied by DwPTW varies from 3 to 11, and number of symbols containing cell-specific reference signals (CRS) also varies.  For cells with less or no DL traffic, it is desirable to transmit as less CRS as possible to reduce interference to other cells.  On the other hand, for cells with more DL traffic, it is beneficial to reconfigure SSF to more symbols for DwPTS.  For subframe 6, it is also possible to reconfigure it to a DL subframe.  Note that such flexibility essentially allows switching between 5ms and 10ms DL-UL switch-point periodicity.

Therefore besides UL/DL reconfiguration to support traffic adaptation, reconfiguration of SSF shall also be considered for interference mitigation and traffic adaptation.  Signaling of SSF reconfiguration can be either bounded with UL/DL subframe reconfiguration or independent in terms of time scale and mechanisms.

Proposal 5: support reconfiguration of special subframe for eIMTA.

Inter-Cell Interference Coordination (ICIC):

In order to facilitate ICIC, exchange of subframe usage among neighboring cells is inevitable.  While X2 signaling is designated for such purposes, its inherent delay may reduce the potential gain of flexibilbe traffic adaptation.  Further study is required to efficiently exchange UL/DL configurations among different cells.
Proposal 6: further study efficient exchange of UL/DL subframe useage to facilitate efficient ICIC for flexible traffic adaptation.

3. Conclusions
In this contribution, we discussed signaling aspects of flexible UL/DL subframe reconfiguration to facilitate efficient eIMTA, and proposed:
· Proposal 1: support L1 signaling plus a prohibit timer to achieve both fast adaptation and limited boundary effects.
· Proposal 2: support dedicated signaling to achieve flexible reconfiguration of individual UE

· Proposal 3: support reference HARQ timeline during reconfiguration boundary

· Proposal 4: support reconfigurable reference HARQ timeline during reconfiguration boundary

· Proposal 5: support reconfiguration of special subframe for eIMTA.

· Proposal 6: further study efficient exchange of UL/DL subframe useage to facilitate efficient ICIC for flexible traffic adaptation.
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Appendix

We provide some evaluation results of different time scale and impact of timer, with assumptions follow the RAN1 agreed simulation assumptions, see also [4].  Packet size of 2MB is assumed.  Figure 1 below shows with time scale of 10ms, more than 80% of reconfiguration interval is no less than 100ms, which is fairly close to that of 10ms time scale plus 100ms timer, while 100ms time scale results in longer reconfiguration interval.
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Figure 1. Reconfiguration interval under different time scale and timer.
Figures 2 and 3 below show DL and UL packet throughput comparison among 10ms time scale, 10ms time scale + 100ms timer, and 100 ms time scale.  It can be observed that with 10ms time sclae + timer of 100ms, throughput loss is moderate compared to 10ms time scale, both outperform 100ms time scale, especially in DL.
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Figure 2. DL packet throughput under different time scale and timer.
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Figure 2. UL packet throughput under different time scale and timer.
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