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1 Introduction
In RAN1#74bis and 75 the following are some of the points agreed in relation to UL-DL reconfiguration and PUCCH
Agreement:

· DL HARQ reference configuration can choose from Rel-8 TDD UL-DL configurations {2, 4, 5}

· The following behaviour is agreed:

· Under any valid UL & DL HARQ reference configurations, the UE should not expect any subframe configured as UL subframe or special subframe in DL HARQ reference configuration is dynamically used as DL subframe.

· FFS whether to capture the above into specifications

Working assumption:

· Reconfiguration between 5ms and 10ms switching point periodicity shall be supported
Confirmed Working assumption:

· For UE configured with TDD eIMTA, uplink scheduling timing and HARQ timing follow UL-DL configuration signaled in SIB1

Agreement:

· For UEs configured with eIMTA and CA, up to 2 CCs with DL HARQ reference configuration #5 can be supported

This document discusses some of the remaining open points and makes some proposals

2 Discussion
The open points considered here for eIMTA are:
1. Valid UL reference configurations (i.e. from SIB1 configuration)

2. Valid DL reference configurations (2, 4, or 5
3. Valid UL/DL subframe configurations for dynamic reconfiguration 

4. Subframes available for PUSCH and PUCCH ACK/NACK
5. Determination of DL reference configuration
6. Signalling of UL/DL subframe reconfiguration

7. Determination of PUCCH subframes

8. Other issues 

a. PUCCH resources

b. Configuration of SCells

c. CSI

The validity of different combinations of reference configurations is discussed in [1] [2], considering that the UE is not expecting any UL subframe in the reference configuration to be dynamically used for DL. Here we focus on the PCell and single serving cell cases. We also focus on PUCCH carrying ACK/NACK
2.1 UL reference configurations
The UL reference configuration is derived from SIB1. As identified in [1] and [2], all the available UL reference configurations can be used, but configuration 5 is not very interesting for eIMTA as it allows no reconfiguration flexibility.
Proposal 1: Signalling of Configuration 5 in SIB1 is not supported together with eIMTA. Configuration 5 can still be used dynamically and as a DL reference configuration. 

2.2 DL reference configurations (2, 4, or 5)
This configuration effectively indicates the set of subframes which cannot be dynamically configured to be used in the DL. According to previous agreements the DL reference configuration can be selected to be 2, 4 or 5. As observed in [1] not all these values are suitable for every UL reference configuration. This means that the subset of candidate DL reference configurations depends on the UL reference configuration as given in Table 1
	UL reference configuration
	Candidate DL reference configurations

	0
	2,4,5

	1
	2,4,5

	2
	2,5

	3
	4,5

	4
	4,5

	5
	5

	6
	2,4,5


Table 1: Candidate DL reference configurations for each UL reference configuration
2.3 UL/DL subframe configurations for dynamic reconfiguration 
Currently it is assumed in RAN1 that any of the UL/DL configurations {0, 1, 2, 3, 4, 5, 6} are available for dynamic reconfiguration . However, as pointed out in [2] only some combinations are valid, as given in Table 2.  
	UL

reference configuration
	DL

reference configuration
	Candidate UL/DL configurations

for reconfiguration

	0
	2
	0, 1, 2, 6

	0
	4
	0, 1, 3, 4, 6

	0
	5
	0, 1, 2, 3, 4, 5, 6

	1
	2
	1, 2

	1
	4
	1, 4

	1
	5
	1, 2, 4, 5

	2
	2
	2

	2
	5
	2, 5

	3
	4
	3, 4

	3
	5
	3, 4, 5

	4
	4
	4

	4
	5
	4, 5

	5
	5
	5

	6
	2
	1, 2, 6

	6
	4
	1, 3, 4, 6

	6
	5
	1, 2, 3, 4, 5, 6


Table 2: Candidate UL/DL configurations for dynamic reconfiguration
In Table 2 combinations with no re-configuration flexibility are included for completeness.

Observation 1: The main function of the DL reference configuration is to restrict the set of UL/DL configurations which can be dynamically signalled

2.4 Subframes available for PUSCH and PUCCH ACK/NACK
In Release 11 all the subframes configured as UL subframes may contain PUSCH. Except for UL/DL configuration 0, PUCCH ACK/NACKs are also allowed in any configured UL subframe. For configuration 0 ACK/NACKs are not transmitted in subframes 3 or 8. 

Release 11 principles could be applied for eIMTA. This would mean that subframes available for PUSCH are given directly by the dynamic UL/DL configuration. However, in the interests of efficiency it could be desirable to limit the transmission of PUCCH ACK/NACK to a more restricted set of subframes. Some possible subsets for consideration are indicated in Table 3. Here we assume that the “PUSCH configuration” is the same as the dynamic UL/DL configuration. 
	(Dynamic) UL/DL Configuration for PUSCH
	Candidate UL/DL configurations for PUCCH (based on UL reference configuration)
	Candidate UL/DL configurations for PUCCH (based on DL reference configuration)
	Candidate UL/DL configurations for PUCCH (based on PUSCH configuration plus DL reference configuration)

	0
	0,1,2,3,4,5,6
	2,4,5
	0,2,4,5

	1
	1,2,4,5
	2,4,5
	1,2,4,5

	2
	2,5
	2,5
	2,5

	3
	3,4,5
	4,5
	3,4,5

	4
	4,5
	4,5
	4,5

	5
	5
	5
	5

	6
	1,2,3,4,5,6
	2,4,5
	2,4,5,6


Table 3: Candidate UL/DL configurations for PUCCH ACK/NACK
PUCCH being configurable to use either the UL subframes in the dynamic UL/DL configuration or a subset of the DL reference subframes would offer a reasonable level of flexibility, balanced against complexity and signalling overhead.
Proposal 2: Transmission of PUCCH may be restricted to use a subset of the dynamically configured UL subframes. 

Proposal 3: Transmission of PUCCH is restricted to use either the UL subframes in the dynamic UL/DL configuration or one subset of the DL reference configuration. 

2.5 Determination of DL reference configuration

Since the current agreement allows the DL reference configuration to be freely selected, we consider here some possible mechanisms for indicating this selection to the UE:
· Dynamic signalling: 
· The DL reference configuration could be signalled dynamically. This could be indicated in a DL grant, which would require an additional 1 or 2 bits in the DCI format. The number of additional bits would depend on the UL reference configuration.

· Alternatively it could be indicated in the DCI which carries the subframe reconfiguration, also requiring an additional 1 or 2 bits.
· Implicit indication: 

· For example, the DL reference configuration could be determined uniquely from the combination of UL reference configuration and dynamic UL/DL reconfiguration. However, this seems not sufficiently flexible.

· Higher Layer Signalling: 

· The DL reference configuration could be signalled in a SIB or in a UE specific way. This would be reliable and also consistent with the principle of preventing dynamic reconfiguration of certain subframes

Proposal 4: The DL reference configuration is signalled by higher layers 

2.6 Signalling of UL/DL subframe reconfiguration
According to discussions so far in RAN1, the UL/DL reconfiguration is to be signalled using DCI format 1C. As can be seen from the above discussion the number of viable combinations depends on the UL reference configuration, so the number of signalling required bits will also vary, as shown in Table 4. This can exploited to allow the DCI format to carry parameters for other cells, or to improve the detection of errors. 
	UL
reference configuration
	UL/DL configurations for reconfiguration
	Total number of bits

	0
	0, 1, 2, 3, 4, 5, 6
	3

	1
	1, 2, 4, 5
	2

	2
	2, 5
	1

	3
	3, 4, 5
	2

	4
	4, 5
	1

	5
	5
	0

	6
	1, 2, 3, 4, 5, 6
	3


Table 4: Number of bits to signal dynamic UL/DL configuration

Proposal 5: The DCI payload for dynamically signalling the UL/DL configuration is dependent on the UL/DL configuration signalled in SIB1.
2.7 Determination of PUCCH subframes
We consider here some possible mechanisms for determining the subframes available to the UE for PUCCH:

· Dynamic signalling: 

· The PUCCH subframe could be indicated directly in a DL grant. The number of bits may depend on other configuration details or restrictions on PUCCH transmission. 
· Alternatively the PUCCH subframe configuration could be indicated in the DCI which carries the subframe reconfiguration, requiring an additional 1 or 2 bits, if based on the DL reference configuration, as shown in Table 5. This offers reasonable flexibility with low overhead.
· Implicit indication: 

· The PUCCH subframe configuration could be determined directly from the DL reference configuration, or dynamic UL/DL configuration. 
· Higher Layer Signalling: 

· The PUCCH subframe configuration could be signalled in a SIB or in a UE specific way. In either case this could be done together with the DL reference configuration.  This would be reliable but may lack flexibility.

	UL
reference configuration
	UL/DL configurations for reconfiguration
	PUCCH configurations (based on UL reference configuration plus DL reference configurations)
	Total number of bits

	0
	0, 1, 2, 3, 4, 5, 6
	0,2,4,5
	5

	1
	1, 2, 4, 5
	1,2,4,5
	4

	2
	2, 5
	2,5
	2

	3
	3, 4, 5
	3,4,5
	4

	4
	4, 5
	4,5
	2

	5
	5
	5
	0

	6
	1, 2, 3, 4, 5, 6
	2,4,5,6
	5


Table 5: Number of bits to signal UL/DL configuration and PUCCH configuration
Proposal 6: The PUCCH subframe configuration is signalled in the same DCI format as the dynamic UL/DL configuration 
2.8 Other issues

· PUCCH resources

· If necessary, PUCCH resources for eIMTA UEs can be configured per subframe within the UL reference configuration by higher layer signalling

· Configuration of SCells

· The details for SCells have not been discussed here, but whatever principles are agreed for PUSCH on PCells can and should be extended to SCells. 

· CSI

· The transmission of CSI has not been discussed here. Aperiodic CSI can be transmitted with PUSCH with no restrictions. A couple options could be considered for periodic CSI: 
· Allowing periodic CSI in any UL subframe, or 
· Restricting periodic CSI to subframes available for PUCCH ACK/NACK.

3 Conclusions
Based on the discussion above the following proposals are made:
Proposal 1: Signalling of Configuration 5 in SIB1 is not supported together with eIMTA. Configuration 5 can still be used dynamically and as a DL reference configuration. 

Observation 1: The main function of the DL reference configuration is to restrict the set of UL/DL configurations which can be dynamically signalled

Proposal 2: Transmission of PUCCH may be restricted to use a subset of the dynamically configured UL subframes. 

Proposal 3: Transmission of PUCCH is restricted to use either the UL subframes in the dynamic UL/DL configuration or one subset of the DL reference configuration. 

Proposal 4: The DL reference configuration is signalled by higher layers
Proposal 5: The DCI payload for dynamically signalling the UL/DL configuration is dependent on the UL/DL configuration signalled in SIB1.

Proposal 6: The PUCCH subframe configuration is signalled in the same DCI format as the dynamic UL/DL configuration 
4 References
[1] R1-135563,”Remaining details on UL and DL reference configurations”, NSN, Nokia 

[2] R1-135729, “Restrictions on UL/DL reconfiguration in eIMTA”, Sharp

