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1. Introduction
In RAN#74b [1], the following has been agreed regarding reconfiguration signalling in TDD eIMTA:

· 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

In this contribution, we discuss the remaining details of reconfiguration signaling in eIMTA. 
2. Discussion
2.1. UE group common signaling

In previous RAN1 meetings, it was discussed that TDD eIMTA may be applied in deployments of CA and CoMP scenario 4. It was further agreed on RAN1#74b that multiple reconfiguration indicators of the eIMTA cells can be multiplexed in one reconfiguration DCI mapped to the Pcell CSS. However, it shall be noted that CA and the primary CC are UE-specifically configured. It is problematic to use a UE-group-common reconfiguration signaling with UE specific CC index. Furthermore, not all configured CCs are eIMTA capable. For eIMTA enabled cells, while inter-band CCs could have different UL-DL configurations, it is not practical to have different UL-DL configurations for intra-band CCs. Therefore, the way to indicate a combination of TDD reconfiguration indicators of all configured CCs in one DCI may not work and/or is not efficient even it is improved by using the physical CC index for the explicit L1 reconfiguration signaling. As discussed in [2], one of the solutions is to signal the TDD configuration of a group of CCs instead of one reconfiguration indicator for each CC. The benefits of the group CC indicators are at least two-fold: 1) reducing the signaling overhead 2) no restriction of using physical CC index. With the group CC indicators, there is no strong need for more than two reconfiguration DCIs for joint deployment of eIMTA and CA. The configuration of group CC can be high layer configured and only required for eIMTA enabled cells, e.g. when a secondary cell is configured for the UE and it is also eIMTA capable, it can be assigned to a group. Furthermore, the grouping can be further linked with inter- and intra-band, e.g. all intra-band CCs shall be included in the same group and inter-band CCs may or may not belong to the same group. 
Note that since the DCI is group common and CA configuration is UE-specific, each UE may monitor a different set of groups in the group common DCI to determine the reconfiguration indicator for a given CC accordingly. In order to for a UE to locate a specific set of groups targeting for the UE, the ordering of the groups in the DCI can be based on the group index or separately indicated. 
Proposal 1: Cross-carrier indication of UL-DL subframe configuration shall be based on a group of CCs instead of one indicator for each CC. The group configuration can be higher layer configured with consideration of intra- and inter-band CCs.  A UE also needs to be indicated, either implicitly or explicitly, a specific set of groups to monitor in the group common DCI. 
2.2. Transmission of L1 signalling 

It was agreed on RAN1#74b that UE is expected to monitor explicit reconfiguration DCI at least in a set of periodic subframes (subject to DRX operation). It means also explicit reconfiguration DCI is transmitted in a set of periodic subframes by RRC configuration. However there are still several issues to be clarified for periodic transmission of explicit reconfiguration DCI. The first is what periodicity is and which subframes can be configured to transmit the reconfiguration DCI. According to previous discussion on reconfiguration signaling, L1 signaling has the benefit over other signaling methods like RRC or MAC CE due to capability for fast traffic adaptation. Considering this it does not make sense to support a periodicity longer than 40ms. Regarding the subframe location for explicit L1 signaling, only the fixed DL subframes can be used otherwise the explicit L1 signaling may not be transmitted due to the change of subframe direction. In order to use eIMTA in HetNet scenario the subframe location of the explicit L1 signaling need to be different for each cell. Therefore it is preferable to have a configured subframe location other than fixed subframe location. 
Proposal 2: The periodicity and subframe location of explicit L1 signaling are configured by RRC. Candidate values for periodicity can be {10ms, 20ms, 40ms}.The subframes for explicit L1 signaling is only limited to DL and special subframes indicated by the SIB1 configuration.  
The second issue is the UE behavior after successfully receiving the reconfiguration DCI. As proposed in [3] UE shall assume detected L1 signaling is valid within a persistency window. In case there are multiple DCI transmissions in the period of persistency window UE may not to be required to receive the reconfiguration signaling. Therefore, the benefit of the persistency window is to save UE power consumption. However, the definition of the persistency window shall be specified in order to avoid any misunderstanding between UE and eNB. As illustrated in Figure 1, there are two alternatives to implement the persistency window differentiating on the delay to apply the new configuration. For Alt-1, the new received TDD UL-DL configuration is applied from the start of the next radio frame; while Alt-2 has long signaling latency since the new configuration is valid only from the next boundary of explicit L1 signaling period. Alt-1 is preferred due to relatively small latency. The small latency is beneficial for UE with DRX configured so that when UE wakes up from the sleep and receives a reconfiguration DCI during ON period UE can apply the new configuration shortly to be alignment with eNB without the need to wait for next configuration period.
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Figure 1:  Two alternatives to implement the persistency window 
As shown in Figure 1, the persistency window can be implicitly determined with same periodicity as the explicit L1 signaling. If UE successfully detects the reconfiguration DCI then the persistency window is started from the next radio frame for Alt-1 solution. If UE cannot detect the reconfiguration DCI successfully then from the start of the next radio frame UE will enter the fallback status until receiving a correct TDD UL-DL configuration. For example, as shown in Figure 2, when UE fails to the first reconfiguration DCI UE will enter the fallback mode during the first configuration period. Assuming there are repeated transmissions of reconfiguration DCI in the given configuration period UE will withdraw from the fallback mode when one of the repeated reconfiguration DCI is received successfully. In such case, the persistency window is started from the next radio frame after the detected reconfiguration DCI. Therefore, the repetition transmission of reconfiguration DCI in the configuration period would help to reduce the fallback period and keep UE and eNB in sync. 

[image: image2.emf]eNB

UE

Delay =1 frame

Persistency 

window

FallBack

eNB

UE

FallBack

Delay =1 frame

L1 signaling 

period

Persistency 

window

L1 signaling 

period


Figure 2:  Definition of persistency window in case of missing reconfiguration DCI
Proposal 3: When UE successfully detects the reconfiguration DCI the new received TDD UL-DL configuration will be applied from the start of the next radio frame.

Proposal 4: A persistency window can be used at UE to assume the validity of the detected UL-DL configuration.

2.3. UE fallback solution
When UEs fails to detect reconfiguration L1 signaling, UE behaviour shall be specified for PDCCH monitor and CSI measurement. Currently, there are mainly three alternatives for PDCCH monitoring as discussed in [4, 5]:
·  Alt-1: UEs monitor all possible DL subframes including both fixed and flexible subframes indicated by DL HARQ reference configuration.
·  Alt-2: UEs monitor DL assignments in DL subframes indicated in configuration of SIB-1, and UL grant for UL subframes indicated in DL reference configuration when they are in fallback mode. 
·  Alt-3: UEs follow UL-DL configuration indicated in SIB-1 when they are in fallback mode.
For Alt-1, it means UE needs blind decoding of the transmission direction of the flexible subframes. It will increase UE processing complexity and lead to increased power consumption.  In addition, the drawback of implicit derivation of subframe direction has been extensively discussed in previous meetings with final agreement on explicit L1 signalling. The benefit of using implicit signalling for UE fallback is not clear too, especially considering the probability and duration of the fall back will not be large. Both Alt-2 and Alt-3 allow UEs to monitor PDCCH only in DL subframes indicated in SIB-1, i.e. fixed DL subframes. This is reasonable since now eIMTA UE works same as the legacy UE. The difference between Alt-2 and Alt-3 lies in whether UEs can transmit UL signals in UL subframes indicated in SIB-1 (Alt-3) or in fixed UL subframes (Alt-2). This is dependent on the determination of UL index in UL grant in eIMTA. For example, when TDD UL-DL configuration 0 is indicated by the SIB1, the determination of UL index in UL grant for eIMTA UE could be based on the actually used configuration by explicit L1 signalling [6]. If UE fails to decode the L1 signalling UE may get a wrong UL index and transmit in an incorrect UL subframe resulting in unnecessary UL-UE interference. 
Proposal 5: In case explicit L1 signaling cannot be detected or no valid UL-DL configuration is detected for a radio frame, the eIMTA UE follows the UL-DL configuration indicated in SIB1 to monitor DL assignment for the radio frame.
Proposal 6: If UE does not decode explicit L1 signaling correctly and does not detect valid UL-DL configuration for a radio frame, UE monitors UL grant only for UL subframe in UL HARQ reference configuration for the radio frame.
Secondly, CSI measurement and report during the fallback needs also to be specified. When UE receives the reconfiguration signaling successfully UE will perform CSI measurement in the DL subframes indicated by explicit signaling. Therefore it is straightforward to extend this to the fallback mode so that UE only measures CSI in the fixed DL subframes indicated by the SIB1 configuration. The reason not to support CSI measurement in flexible DL subframes during the fallback is clear since UE cannot know whether CSI-IM is available without explicit signaling. Regarding CSI report during the fallback, it will depend on whether it is periodic or aperiodic report. UE may skip periodic CSI report of flexible subframe if UE cannot do the measurement. However, for aperiodic CSI report, according to the email discussion it is possible to transmit aperiodic CSI report for flexible subframes on the fixed UL subframe.  Therefore, during the fallback mode UE may receive aperiodic CSI triggering for flexible subframes. In such case UE cannot skip the CSI report since CSI is multiplexed on PUSCH. So how to report CSI needs further study. A simple solution is for UE to report a CQI index of 0 to inform the eNB the values of CQI/PMI/RI in the report are not valid.
Proposal 7: When UE is in fallback mode, no CSI measurement in flexible DL subframes is required for UE. Details on CSI reporting need further study and specification.
3. Conclusions

In this contribution, we discussed the remaining details of reconfiguration signaling in eIMTA. In particular, we propose:
Proposal 1: Cross-carrier indication of UL-DL subframe configuration shall be based on a group of CCs instead of one indicator for each CC. The group configuration can be higher layer configured with consideration of intra- and inter-band CCs. A UE also needs to be indicated, either implicitly or explicitly, a specific set of groups to monitor in the group common DCI.
Proposal 2: The periodicity and subframe location of explicit L1 signaling are configured by RRC. Candidate values for periodicity can be {10ms, 20ms, 40ms}.The subframes for explicit L1 signaling is only limited to DL and special subframes indicated by the SIB1 configuration.  
Proposal 3: When UE successfully detects the reconfiguration DCI the new received TDD UL-DL configuration will be applied from the start of the next radio frame.

Proposal 4: A persistency window can be used at UE to assume the validity of the detected UL-DL configuration.

Proposal 5: In case explicit L1 signaling cannot be detected or no valid UL-DL configuration is detected for a radio frame, UEs follow UL-DL configuration indicated in SIB-1 to monitor DL assignment for the radio frame.
Proposal 6: If UE does not decode explicit L1 signaling correctly and does not detect valid UL-DL configuration for a radio frame, UE monitors UL grant only for UL subframe in UL HARQ reference configuration for the radio frame.
Proposal 7: When UE is in fallback mode, no CSI measurement in flexible DL subframes is required for the UE. Details on CSI reporting need further study and specification.
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