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1 Introduction
In RAN1#74bis, signaling mechanisms for TDD UL-DL reconfiguration were discussed with the following agreements made [1]:
· 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 addition, the following working assumptions were made: 

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

· Signalling design for explicit reconfiguration should support CA 
Given the above conclusion, the detailed design of explicit L1 signaling for TDD UL-DL reconfiguration is still to be completed. In this contribution, these aspects are discussed.
2 Discussions
2.1 Signaling on UL-DL reconfiguration indication for Scell
In RAN1#74bis meeting, it was noted that signaling design for explicit reconfiguration should support CA+eIMTA but may not be optimized for eIMTA operation in CoMP Scenario 4. As multiple reconfiguration indicators can be multiplexed in one DCI format, the resource burden on Pcell PDCCH CSS is not an issue to carry the reconfiguration indicators for multiple serving cells. Therefore when TDD eIMTA is applied with ideal backhaul carrier aggregation, transmission of the reconfiguration signaling from Pcell CSS is sufficient.
However, in the inter-frequency dual connectivity scenario (small cell scenario #2a) where UL-DL reconfiguration is only applied on the small cell frequency (Scell), the L1 signaling for UL-DL reconfiguration shall not be transmitted on the Pcell (macro carrier frequency), given the non-ideal backhaul between the macro cell and the small cell. Otherwise, the macro eNB has to first obtain the UL-DL configuration in the small cell through then non-ideal backhaul, and then signal it to the UEs via PDCCH on Pcell. This limits the ability of UL-DL reconfiguration adapting to traffic changes. Therefore it is beneficial to transmit the L1 signaling for UL-DL reconfiguration on the respective serving cell, e.g. by allowing UEs to monitor PDCCH CSS or new group common search space [2] on the Scell. 

Proposal 1:
To support TDD eIMTA with non-ideal backhaul carrier aggregation, transmission of the reconfiguration signaling on Scell shall be supported.
2.2 Reliability and fallback operation

With the existing DCI format 1C and PDCCH aggregation level of 4 or 8, the reliability for the reconfiguration signaling is sufficient. Figure A-1 shows that detection performance of the current PDCCH format 1C (in 20MHz BW). At SINR of -2dB and -3dB, 
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 BLER can be achieved for PDCCH format 1C with aggregation level of 4 and 8, respectively. On the other hand, according to the DL geometry for the Macro-Pico adjacent channel deployment as shown in Figure A-2, only 1% of the Pico UEs experience DL SINR below 0dB.  Therefore, the possibility of misdetection should be sufficiently low in Pico cells. Hence, it is not necessary to specify the repetition for the DCI format carrying the UL-DL reconfiguration.
Observation 1
The reliability for the reconfiguration signaling is sufficient and no need to specify the DCI format repetition for TDD UL-DL reconfiguration.
The information bits of the DCI format are not always fully utilized for reconfiguration signaling. The remaining bits can be reserved as virtual CRC to further improve the detection reliability. The number of bits used for virtual CRC is dependent on the total number of multiplexed UL-DL reconfiguration indicators in the DCI format, which can be configured by higher layers.

Proposal 2:

The total number of TDD UL-DL reconfiguration indicators multiplexed in the DCI format shall be informed to the UE by higher layer signaling.
It is still possible that the DCI format for UL-DL reconfiguration can be miss-detected by the UE, although such a probability is low. For UE just waking up from DRX OFF state, the actual UL-DL configuration used is not known before it successfully decodes the DCI format for UL-DL reconfiguration. For the above two cases, the UE behavior when it does not receive the DCI format for UL-DL reconfiguration shall be defined.
Generally two methods for UE fallback operations have been identified. The first one is that UE follows the SIB-1 UL-DL configuration, i.e. the same behavior as non-eIMTA UEs. This option is simple and does not introduce any new UE behavior. The second one is that UE assumes all reconfigurable subframes are downlink, which is the same behavior as the implicit determination of UL-DL reconfiguration [2]. The second option has some drawbacks in several aspects identified in previous meetings, such as UE power consumption, CSI measurement ambiguity as well as handling of subframe #6 when reconfigured between special subframe and normal downlink subframe [3]. The second option may be beneficial in that more downlink subframes than the SIB-1 configuration can be scheduled during the time when UE does not receive the DCI format for UL-DL reconfiguration. However, given that the time duration is very limited, it is not clear how much benefit can be achieved. Therefore option 1 is preferred. 
Proposal 3:

If an eIMTA UE does not receive an UL-DL reconfiguration DCI in a subframe configured by higher layer for the transmission of UL-DL reconfiguration DCI, the UE shall follow the SIB1 UL-DL configuration until the next subframe in which UL-DL reconfiguration DCI can be transmitted.
2.3 Periodical subframes for the UL-DL reconfiguration signaling
It is agreed that an eIMTA UE is expected to monitor explicit reconfiguration DCI in a set of periodic subframes (subject to DRX operation). According to the discussion in section 2.2, the reliability for the reconfiguration signaling is sufficient. Hence it is not necessary to repeat the explicit reconfiguration DCI and monitor additional subframes in addition to the set of periodic subframes from the UE perspective. Furthermore, UE can assume the same UL-DL configuration is used until the next configured subframe in which UL-DL reconfiguration signaling shall be transmitted. Therefore defining a modification period is not needed either.
It is not decided whether explicit reconfiguration DCI is transmitted in a subframe fixed by specification (e.g. subframe #0) or configured by the eNB. The first option is beneficial in that the indicated UL-DL configuration can be used by the UE in the same radio frame if it is transmitted in the subframe #0. The latter is beneficial to reduce the CSS burden in subframe #0. However, according to the current agreements and working assumption, only one DCI format for UL-DL reconfiguration is required in CSS in each radio frame in most scenarios. Therefore there should not be a problem to fix the DCI format for UL-DL reconfiguration in subframe #0, considering that other common signaling can also be scheduled in other SIB-1 downlink subframes. Therefore we prefer to transmit the UL-DL reconfiguration DCI in subframe #0 by specification.

Proposal 4:

It is preferred to transmit the DCI format for UL-DL reconfiguration only in subframe #0.
Proposal 5:
 It is not necessary to monitor additional subframes in addition to the set of periodic subframes configured by higher layers.
Proposal 6:

It is not necessary to define the modification period.
3 Conclusions
In this contribution, design of the L1 signaling for UL-DL reconfiguration is discussed. In summary, we have the following observation and proposals:
Proposal 1:

To support TDD eIMTA with non-ideal backhaul carrier aggregation, transmission of the reconfiguration signaling on Scell shall be supported.
Observation 
The reliability for the reconfiguration signaling is sufficient and no need to specify the DCI format repetition for TDD UL-DL reconfiguration.
Proposal 2:

The total number of TDD UL-DL reconfiguration indicators multiplexed in the DCI format shall be informed to the UE by higher layer signaling.
Proposal 3:

If an eIMTA UE does not receive an UL-DL reconfiguration DCI in a subframe configured by higher layer for the transmission of UL-DL reconfiguration DCI, the UE shall follow the SIB1 UL-DL configuration until the next subframe in which UL-DL reconfiguration DCI can be transmitted.

Proposal 4:

It is preferred to transmit the DCI format for UL-DL reconfiguration only in subframe #0 by specification.
Proposal 5:

 It is not necessary to monitor additional subframes in addition to the set of periodic subframes configured by higher layers.
Proposal 6:

It is not necessary to define the modification period.
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5 Appendix
5.1 Detection performance of existing DCI format 1C
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Figure A-1: Detection performance of PDCCH format 1C

Table 5.1-1: link simulation assumption for detection performance for PDCCH format 1C
	Parameter
	Value

	Bandwidth
	20MHz

	Carrier frequency 
	2.6GHz

	Channel model and Doppler frequency
	EPA5

	Antenna configuration
	2x2 with low correlation
Cross-polarized antennas


5.2 DL geometry in Macro-Pico adjacent channel deployment (scenario4) [4]
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MUE baseline: all Macro and Pico cells DL

PUE baseline: all Macro and Pico cells DL
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Figure A-2 DL geometry for Macro-Pico adjacent channel deployment[image: image4.png]
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