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1 Introduction
The following working assumption has been taken in RAN1#73 regarding signalling mechanisms for eIMTA:
Explicit L1 signalling of reconfiguration by UE-group-common (e)PDCCH 

· FFS which search space is used for this signalling

· FFS the fallback solution to improve reliability and robustness of the explicit solution

· FFS the necessary UL scheduling timing and HARQ timing signalling

· Strive to avoid additional blind decodes 

In this contribution, we discuss mechanism for the transmission of the reconfiguration message. In a companion contribution [1], we propose to enhance the explicit message design by an additional implicit mechanism. Consequently this contribution covers two cases. One is that only the explicit L1 reconfiguration mechanism is used. The other is that explicit+implicit reconfiguration mechanisms are supported. Section 2 and 3 are common for both cases. Section 4 is only addressing the explicit+implicit operation.
2 Transmission of the Explicit L1 Reconfiguration Signal
As stated in the working assumption of RAN1#73, the reconfiguration message should be conveyed by a UE-group-common (e)PDCCH. Therefore the reconfiguration message should be the guise of a downlink control information payload. First, we discuss how to transmit of this UE-group-common DCI message.

Transmission via PDCCH

For PDCCH, both a common search space (CSS) and a UE-specific search space (USS) are defined. By definition, all CCEs of the BD candidates in the CSS are identical for all UEs in the cell, while the CCEs of BD candidates for the USS are generally different and any overlap is rather a coincidence. As soon as a reconfiguration DCI should reach more than one UE, for resource efficiency reasons we think that such a DCI should be conveyed in the PDCCH CSS, even though the minimum aggregation level for such a message is 4.
Even if the CSS is used, a CoMP Scenario 4 type deployment, where only part of UEs in a cell applies a different eIMTA configuration is feasible by having different groups with different group RNTIs, which is configured by RRC. 
Proposal 1: Via PDCCH, the explicit reconfiguration DCI is transmitted in the CSS. The group RNTI could be determined by RRC.
Transmission via EPDCCH

In backward compatible carriers, UEs will always detect the PDCCH CSS. Therefore it could be argued that this is sufficient to convey explicit reconfiguration messages. However, we see several reasons why an explicit reconfiguration message transmission via EPDCCH should be supported as well:

· PDCCH CSS is already congested by PDCCH for SIBs, paging, RACH response, and as a backup for dedicated resource assignments when they cannot be transmitted on the USS due to blocking
· EPDCCH transmissions can benefit from inter-cell interference coordination on PRB-level for improved reception, especially if UEs in small cells with cell range expansion (CRE) are targeted
· EPDCCH allows more directed and enhanced transmissions than PDCCH (beamforming, power sharing)
The major obstacle for transmitting a DCI to a group of UEs efficiently is the fact that so far, a common search space is not supported by EPDCCH. In our view, this can be overcome by allowing that the initialization of Yp,-1 for an EPDCCH-PRB-set is not determined by the UE's C-RNTI, but is determined by a group RNTI. As only connected mode UEs are sufficient for eIMTA, it would be sufficient to configure the group RNTI by RRC, which would easily support multiple UE groups in a cell. We don't identify the need of idle mode UE for eIMTA as there is no traffic from idle mode UEs and only to receive fixed DL subframe for SIBs and paging is sufficient.
Proposal 2: Via EPDCCH, the explicit reconfiguration DCI is transmitted in the EPDCCH USS where a group RNTI replaces the C-RNTI for the ECCE candidate determination. The group RNTI could be determined by RRC.
3 Explicit Reconfiguration DCI
For good coverage, a short DCI message is beneficial. In order not to increase the blind decoding budget, one of the existing DCI formats should be used.

In RAN1#74, it was agreed that the downlink HARQ timing follows a higher layer RRC configured TDD configuration. Uplink scheduling and HARQ timing is FFS beteween the configuration signaled in SIB1 or a higher layer RRC configured TDD configuration. Therefore, the explicit L1 reconfiguration signal does not change neither downlink HARQ timing nor uplink scheduling nor uplink HARQ timing. Therefore an error of missing or falsely detecting the reconfiguration DCI would not result in a disastrous situation. We think the required BLER can be similar to the regular PDCCH/EPDCCH i.e. 10-2  although a further improvement is not prevented. It means basically the same structure and coding rate can be used with current PDCCH/EPDCCH.
Proposal 3: The target BLER of explicit reconfiguration DCI can be  10-2  and the basic design of PDCCH/EPDCCH can be used to convey explicit reconfiguration DCI.
Since TDD supports currently 7 different UL/DL configurations, we think that at least 3 bits should be usedto explicitly indicate the target UL/DL configuration. Improved error resilience by using more bits to encode the TDD reconfiguration can be considered
Proposal 4: The reconfiguration DCI carries at least 3 bits to explicitly indicate the target UL/DL configuration.
Since an erroneous detection of a reconfiguration has the potential loss of transmission/reception opportunities, we think that any explicit reconfiguration by a DCI message should have a limited lifetime before reverting to the UL/DL configuration indicated by SIB1. During the study item, results have shown that major gains can be achieved if the UL/DL configuration changes within an interval of 10-200 ms. Therefore the lifetime should be in this range and could be variable.
Proposal 5: The lifetime of the target UL/DL configuration included in the explicit signal, after which the UE falls back to the UL/DL configuration indicated by SIB1, should be specified and could be variable. 
As the candidate format of explicit reconfiguration DCI, we see the need to align its size with one of the existing DCI formats. DCI format 1C and DCI format 0/1A/3/3A sizes are the only solutions in order not to increase BD effort. We see following properties.
1. DCI format 1C is shortest DCI available. DCI format 1C would allow lower coding rate than any other option and therefore support the best coverage and/or best reliability in single transmission. This can contribute to reduce the congestion of CSS.
2. The number of BD trials is not increased but the number of tested RNTI may increase. We think additional complexity of multiple RNTI testing is acceptable.
3. For aligning to DCI format 1C, at least 8 bits are available. This allows the possibility to carry some information like the explicit reconfiguration of SCells and the life time of the target UL/DL configuration other than target UL/DL configuration.
4. For aligning to DCI format 0/1A/3/3A, even more information could be multiplexed within the reconfiguration DCI. This can contribute to reduce the congestion of CSS.
The following list contains some potential information for inclusion in the explicit signal (apart from the lifetime mentioned previously):

· TPC commands (for PUSCH or PUCCH)
· Relation of subframes to a power control process

· Multiple reconfiguration fields (such as fro carrier aggregation or CoMP scenario 4)

· Cell ID (similar to CIF)

Out of these, assuming a DCI size aligned to DCI format 0/1A/3/3A, we consider TPC and multiple reconfiguration fields most attractive. In our view, assignment of subframes to a power control process could be facilitated by RRC.

By masking the explicit reconfiguration signal with a new "TDD-RNTI", TPC commands as specified for DCI format 3/3A could be easily included in the explicit signal by eNB operation, e.g. by assigning the same RNTI as the TDD-RNTI and the TPC-PUCCH-RNTI/TPC-PUSCH-RNTI for the desired UEs.

The TDD-RNTI should be preferably configured by UE-specific RRC signalling, which enables easy forming of UE groups by assigning the same RNTI.

Proposal 6: The explicit reconfiguration message should be identified by using a TDD-RNTI for CRC masking. The TDD-RNTI is configured to the UE by UE-specific higher-layer signalling.

Proposal 7: Transmission of the explicit signal should be supported in DCI formats aligned to DCI format 1C and 0/1A/3/3A. In case of aligning to DCI format 0/1A/3/3A, the multiplexing of TPC commands and multiple TDD reconfiguration fields is possible. Further studies may be necessary to verify the performance especially for the size aligned to DCI 0/1A/3/3A.
4 Implicit Reconfiguration DCI
In addition to the explicit reconfiguration method, we propose explicit+implicit operation (details are given in the accompanying contribution [1]). The intended behaviour in case of explicit+implicit reconfiguration can be briefly summarised like this:

· If the UE detects an explicit reconfiguration message, the UE applies the indicated UL/DL configuration

· If no explicit reconfiguration is detected,

· The UE assumes to use the UL/DL configuration indicated by SIB1 with the interpretation that any U subframe preceding a D subframe except subframe 2 is F (flexible subframe).
· In case the UE is not assigned any UL transmission in the first flexible UL subframe according to SIB1, the UE assumes that the F subframes in that radio frame are D; DCI is detected for PDSCH assignments for those subframes

The implicit mechanism relies on the detection or lack of detection of uplink or downlink resource assignments. As such, we see no specific reason to restrict the detection of the corresponding uplink or downlink resource assignments to certain DCI formats or search spaces beyond the currently established restrictions, such as the DCI format as a function of the configured transmission mode.
Proposal 8: The DCI transmission for implicit reconfiguration is not limited to a specific search space or DCI format.
As the implicit method uses the resource assignments to determine a reconfiguration, there is no room to indicate a lifetime (or other parameters) for the reconfiguration. But as for the explicit reconfiguration method, we think it is fundamental that an implicit reconfiguration has a limited lifetime. Since an implicit reconfiguration does not cause extra reconfiguration DCI overhead, we think it is reasonable that any implicit reconfiguration has a lifetime of only one radio frame. After such a radio frame, the UE should automatically fall back to the UL/DL configuration indicated by SIB1.

Proposal 9: Any reconfiguration caused by an implicit reconfiguration has a lifetime of 1 radio frame, after which the UE falls back to the UL/DL configuration indicated by SIB1. The HARQ timeline follows the higher-layer configured relation.
In our view, a suitable implicit reconfiguration relation is given in Table 1.

Table 1: Implicit Reconfiguration
	SIB1 TDD configuration
	PUSCH not assigned for subframe n
	Applicable D/S/U configuration

	0
	n=4
	1

	1
	n=3
	2

	2
	n=3
	5

	3
	n=4
	4

	4
	n=3
	5

	6
	n=4
	1


5 Conclusion
We propose following.
· Proposal 1: Via PDCCH, the explicit reconfiguration DCI is transmitted in the CSS. The group RNTI could be determined by RRC.
· Proposal 2: Via EPDCCH, the explicit reconfiguration DCI is transmitted in the EPDCCH USS where a group RNTI replaces the C-RNTI for the ECCE candidate determination. The group RNTI could be determined by RRC.
· Proposal 3: The target BLER of explicit reconfiguration DCI can be  10-2  and the basic design of PDCCH/EPDCCH can be used to convey explicit reconfiguration DCI.
· Proposal 4: The reconfiguration DCI carries 3 bits to explicitly indicate the target UL/DL configuration.
· Proposal 5: The lifetime of the target UL/DL configuration included in the explicit signal, after which the UE falls back to the UL/DL configuration indicated by SIB1, should be specified and could be variable. 

· Proposal 6: The explicit reconfiguration message should be identified by using a TDD-RNTI for CRC masking. The TDD-RNTI is configured to the UE by UE-specific higher-layer signalling.
· Proposal 7: Transmission of the explicit signal should be supported in DCI formats aligned to DCI format 1C and 0/1A/3/3A. In case of aligning to DCI format 0/1A/3/3A, the multiplexing of TPC commands and multiple TDD reconfiguration fields is possible. Further studies may be necessary to verify the performance especially for the size aligned to DCI 0/1A/3/3A.
· Proposal 8: The DCI transmission for implicit reconfiguration is not limited to a specific search space or DCI format.
· Proposal 9: Any reconfiguration caused by an implicit reconfiguration has a lifetime of 1 radio frame, after which the UE falls back to the UL/DL configuration indicated by SIB1. The HARQ timeline follows the higher-layer configured relation.
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