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1. Introduction

In RAN1 #74bis meeting, some working assumption and agreement for reconfiguration signaling was reached [1].
Agreement:
· New RNTI(s) for explicit reconfiguration DCI (eIMTA-RNTI) will be introduced

· The reconfiguration DCI at least carries 3 bits to explicitly indicate one of the existing 7 UL/DL configurations

· Explicit reconfiguration DCI is transmitted in at least Pcell PDCCH CSS

· If a UE is configured with two or more eIMTA-enabled cells, the UE can be indicated by one explicit reconfiguration DCI for the two or more eIMTA-enabled cells if the DCI is transmitted in Pcell PDCCH CSS

· Two or more indicators (each of 3-bit) for the corresponding two or more eIMTA-enabled cell can be included in one explicit reconfiguration DCI for a UE configured with two or more eIMTA-enabled cells, if the DCI is transmitted in Pcell PDCCH CSS

· A UE is expected to monitor explicit reconfiguration DCI at least in a set of periodic subframes (subject to DRX operation)

· FFS whether or not to monitor additional subframes in addition to the set of periodic subframes

· The set of periodic subframes is by configuration 

· FFS whether or not to have a modification period during which the UE can assume the same configuration 

· FFS whether the UE can combine multiple DCI transmissions within the given modification period
Working assumption:

· The DCI size to carry reconfiguration bits is aligned to DCI format 1C only

· If the explicit reconfiguration DCI only carries information for explicit reconfiguration, the number of eIMTA-RNTI configured for the UE is always 1

Note:

· Signalling design for explicit reconfiguration should not be optimized for CoMP Scenario 4

· Signalling design for explicit reconfiguration should support CA 

In this contribution, we discuss some remaining issues for reconfiguration signaling and show some of our viewpoints, including signaling periodicity, subframe position, UE fall-back behavior and subframe-set notification, etc.
2. Some Remaining Issues for Reconfiguration Signaling
2.1 Signaling Periodicity and Subframe Position
The periodicity should be a configurable parameter related to the actual traffic load variation. A shorter periodicity may lead to more UE power consumption and also may bring some problems for the HARQ processing especially the UL HARQ, e.g. the change of time configuration may cause the HARQ process discontinuity in the synchronous HARQ. A larger periodicity may reduce the flexibility of traffic adaptation and the system performance. The suitable reconfiguration periodicity should be configured by higher layer signalling according to the actual traffic load.
The UE group common reconfiguration signalling should be transmitted in the fixed DL subframes, which can save the UE power consumption and avoid missing detection of reconfiguration signaling in one flexible DL subframe if UE assumes it as one UL subframe [2]. Furthermore, some companies propose to transmit the reconfiguration signalling only in subframe #0 considering the decoding latency [3]. 

However, transmit the reconfiguration signalling only in one fixed DL subframe may have some disadvantages:

· Constraint of the reconfiguration periodicity. As proposed by some companies, the reconfiguration signalling could be repeated several times to ensure the reliability [4], if the other subframes except for subframe #0 cannot transmit reconfiguration signalling, the reconfiguration periodicity will become large. 
· Benefit the UE in DRX mode to apply dynamic time configuration [5]. It is proposed that the reconfiguration signalling should be transmitted in multiple subframes to make the eIMTA could be supported for a larger number of UEs and a larger throughput gain can be obtained.
So it’s better to have no further constraint for the subframe position for reconfiguration signalling. The subframe set with reconfiguration DCI should be configured by higher layer. Based on the reconfiguration periodicity and the subframe set to be monitored, UE can get the new UL-DL configuration. The new UL-DL configuration may be transmitted one or more times during one reconfiguration duration and be valid at the beginning of the next reconfiguration duration [6]. Fig. 1 shows an example of time configuration procedure including the persistency window fall-back solution.
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Figure. 1 Example of reconfiguration
Proposal 1: The signalling periodicity should be configurable by higher layer signaling.
Proposal 2: Reconfiguration signalling should be transmitted in fixed DL subframes
· The subframe set with reconfiguration DCI should be configurable by higher layer signaling.
2.2 UE Fall-back Behavior
The reliability of physical layer signalling is lower than that of higher layer signalling such as RRC signalling. The error detection of reconfiguration signalling may cause some problems in the system, e.g., if one UE assumes the current subframe is UL while the actual transmission direction is DL, this UE will generate interference to the other UEs and also lose its own UL data. In addition, the misdetection of reconfiguration signalling may lead to less accurate CSI measurement and scheduling opportunity loss. So it is necessary to have some fall-back solutions in eIMTA scenario.
If error detection happens, three types of solutions could be used as the fall-back solutions:
· Fall-back to SIB 1 UL-DL configuration [7]
· If UE realizes missing detection or error detection of reconfiguration signalling, the UE follows the UL-DL configuration signaled by SIB1. 
· Only use fixed subframes or assume all flexible subframes as DL subframe [8-9]
· Define persistency window for a new UL-DL configuration

· The UL-DL configuration indicated by L1 reconfiguration signalling should be valid only within one radio frame or configured time window, i.e., the duration of the persistency window should be configured by higher layer signalling. The UL-DL configuration of one UE will not change in one persistency window, so the duration of persistency window should be smaller than the reconfiguration periodicity. 
The first solution is a natural and simple solution to avoid the problems in reconfiguration signalling miss detection. The disadvantage of this scheme is loss of system flexibility and may lead to the missing of CSI measurement and scheduling grant. The second solution is basically an implementation issue. However, this kind of scheme may cause system resource waste or increase UE power consumption. The third solution is also possible to reduce the influence of error-detection of reconfiguration signalling.
Observation 1: Fall-back behavior is necessary in eIMTA scenario.
Proposal 3: Follow SIB 1 UL-DL configuration when the reconfiguration signalling is missed or erroneous.
Proposal 4: UE shall assume detected explicit L1 signaling is valid within a persistency window
· The duration of persistency window should be configured by higher layer signalling
2.3 Subframe-set Notification
The UL/DL reconfiguration is closely related to the subframe-set notification. The subframe-sets are defined to distinguish between two different types of subframes which are associated with different operation parameters, e.g., for UL PC or DL CSI measurement or interference mitigation schemes. The determination of subframe-sets is not only related to the UL/DL configuration of the serving cell, but also strongly affected by the UL/DL configuration of the neighboring interfering cells. In UL, some UL subframes may experience strong eNB-to-eNB interference from the neighboring cell if the neighboring cell schedules a DL transmission in the same TTI whereas other UL subframes may just experience low-level interference if the neighboring cell also schedules a UL transmission in the same TTI. For the DL, the interferences in the DL subframes may come from the UEs in the neighboring cell if the neighboring cell schedules an UL transmission whereas in other DL subframes, the neighboring eNB DL transmission is the major interference contributor. By defining UL subframe-sets, different UL PC parameters can be applied. For UL subframes that are threatened by the eNB-to-eNB interference, larger transmit power can be applied. 
By defining DL subframe-sets, the CSI may be measured separately to support more accurate link adaptation in DL transmission. It is observed that the subframe-set determination is mainly motivated by distinguishing different interference situations, which is not only determined by the UL/DL configuration of the serving cell but also the UL/DL configuration and the scheduling of the neighboring cells. The determination of the subframe-set can be made by always assuming that the neighboring cells can choose any of the 7 UL/DL configurations. This will lead to an over-estimate of the number of flexible subframes (e.g., subframes on which neighboring cells may schedule transmission in different directions), which may lead to unnecessary operation cost, e.g., additional CSI measurement configuration, additional UL transmit power. The most accurate estimate of the flexible subframes relies on the knowledge of the UL/DL configuration and the instantaneous scheduling situation of the neighboring cells. In eIMTA, cells may dynamically change their UL/DL configurations. Although the UL/DL reconfiguration information can be exchanged between different cells via X2, it is difficult for each cell to know the exact UL/DL configuration of the neighboring cell due to the backhaul latency and other practical issues. Another way of obtaining the subframe-set is based on the interference measurement. If strong interference is measured in on subframe, then this subframe may belong to the flexible subframe-set, otherwise, it may belong to the fixed subframe-set. 

Observation 2: For both UL PC and DL CSI measurement, the subframe-set determination typically relies on the UL/DL configuration of the neighboring interfering cells and/or the measurement of the interference. 

No matter how the subframe-set information is determined by the eNB, it should inform the UE about the subframe-set definition so that the UE can adapt to the correct subframe-set dependent behavior. 

For the DL CSI measurement, the separation of subframe-set is made by the configuration of different measurement set. This can be implemented by several methods, e.g., by:

· Having two CSI-IM resources for a single CSI process, e.g., proposed in [10-11].

· Introducing a new CSI-IM subframe configuration with periodicity of 1ms and using subframe sets for independent interference measurements, e.g., proposed in [12].
· Configuring multiple CSI processes all in the fixed subframes and derive the interference situation in flexible subframes in an indirect way, e.g., proposed in [13-14].

While the second approach has the problem of large overhead and the third approach has the problem of measurement accuracy (see the detailed discussion in [10]), we proposed to use the first approach to implement the separated CSI measurement in different subframe sets.

Proposal 5: The notification of subframe-set for DL CSI measurement is implemented by configuring different CSI-IM resources for different subframe sets.
· Defining two CSI-IM resources for a single CSI process is preferred.

For the UL PC, the UE should know which UL PC parameter shall be applied for the next UL transmission. The notification of such information can be done either by dynamic physical layer signaling or by higher layer signaling. Dynamic physical layer signaling may determine the UL PC parameter based on the dynamic interference measurement so as to avoid unnecessary power boosting if the interference is not so strong. Dynamic signaling can be delivered by:

· Using one bit in the DCI to indicate the UL PC parameter set to apply, e.g., proposed in [15-16].

· Carrying the subframe-set information in the L1 UL/DL reconfiguration signaling by a bitmap, e.g., proposed in [17].

The first approach provides the possibility that the UL PC parameter set is chosen according to the actual interference situation. It does not bundle the choice of the UL PC parameter set with the UL/DL reconfiguration. Therefore it is more flexible to choose the UL PC parameter set to avoid unnecessary power consumption if strong interference is not detected. Although the second approach provides less flexibility on UL PC parameter set selection, the power saving gain of the first approach should be assessed considering subframe-set dependent closed-loop UL PC.
Higher layer signaling can use a bitmap to indicate which subframes shall apply the new UL PC parameters. The subframe-set information indicated by the higher layer signaling is especially useful for transmissions that are not triggered by dynamic grants, e.g., periodic SRS transmission and non-adaptive retransmission.
Observation 3: Subframe-set dependent closed loop UL PC can adjust UE power consumption. L1 UL/DL reconfiguration independent subframe-set for UL PC can be considered if additional power saving is required.
3. Summary
In this contribution, we discussed some remaining issues for reconfiguration signaling and showed some of our viewpoints. The observations and proposals are summarized as follows.
Observation 1: Fall-back behavior is necessary in eIMTA scenario.
Observation 2: The subframe-set determination typically relies on the UL/DL configuration of the neighboring interfering cells and/or the measurement of the interference. 

Observation 3: Subframe-set dependent closed loop UL PC reduces UE power consumption. L1 UL/DL reconfiguration independent subframe-set for UL PC can be consiredered if additional power saving is required.
Proposal 1: The signalling periodicity should be configurable by higher layer signaling.

Proposal 2: Reconfiguration signalling should be transmitted in fixed DL subframes

· The subframe set with reconfiguration DCI should be configurable by higher layer signaling.
Proposal 3: Follow SIB 1 UL-DL configuration when the reconfiguration signalling is missed or erroneous.

Proposal 4: UE shall assume detected explicit L1 signaling is valid within a persistency window
· The duration of persistency window should be configured by higher layer signalling
Proposal 5: The notification of subframe-set for DL CSI measurement is implemented by configuring different CSI-IM resources for different subframe sets.
· Defining two CSI-IM resources for a single CSI process is preferred.
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