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1. Introduction
One of the objectives of TDD-eIMTA Work Item is to specify the necessary enhancements for TDD UL-DL reconfiguration with the agreed time scale and signaling mechanism(s), e.g. HARQ/scheduling timeline, while maintaining backwards compatibility and performance of both legacy UEs and UEs supporting flexible UL-DL reconfiguration [1].  
In this contribution we discuss issues related to HARQ-ACK feedback on PUCCH. 

· What are the preferred PUCCH Formats when using eIMTA?

· What are the preferred PUCCH resource allocation schemes when using eIMTA?
It is noted that HARQ-ACK feedback on PUCCH relates heavily on DL reference configuration. The related decision made in the previous RAN WG1 meeting is shown below:
· DL HARQ reference configuration can choose from Rel-8 TDD UL-DL configurations {2, 4, 5}

2. HARQ-ACK feedback on PUCCH when using eIMTA 
Current TDD LTE supports three different methods to convey HARQ-ACK feedback on PUCCH:

1. HARQ-ACK bundling with PUCCH format 1a/1b 

2. HARQ-ACK multiplexing with PUCCH Format 1b with channel selection 

3. HARQ-ACK multiplexing with PUCCH Format 3

Having different formats available for HARQ-ACK feedback allows to trade-off between DL throughput and UL overhead/coverage. It would be beneficial to support these functionalities also with eIMTA.
Proposal #1: Support both Format 1a/1b (including channel selection) and Format 3 based HARQ-ACK feedback schemes with eIMTA.
There are certain limitations related to usage of current HARQ-ACK feedback schemes:

· PUCCH Format 1b with channel selection is not available when using UL-DL configuration #5
· PUCCH Format 3 is available only for UEs supporting aggregation of more than one serving cell.
It has been shown in many contributions (e.g. in [3]) that usage of DL-heavy configuration maximizes the performance of eIMTA. This can be supported by configuring DL reference configuration #5 for eIMTA UEs. The challenge related to configuration #5 is that excessive HARQ-ACK bundling is required to convey HARQ-ACK corresponding to up-to nine subframes using a single PUCCH Format 1a/1b channel. This has not been seen as an issue in legacy TDD systems, where configuration #5 is seldom, if ever utilized. However, in eIMTA, the significance of configuration #5 is clearly much larger, and therefore more emphasis needs to be put on the HARQ-ACK feedback support for it.
HARQ-ACK bundling relies on the assumption that the PDSCH block errors in the subframes belonging to the same bundle are somewhat correlated. Usually, e.g. in conventional TDD systems up to Rel-11, this is the case, assuming that the eNodeB chooses to schedule the different transport blocks in the bundle with the same modulation and coding scheme (MCS) as well as the PRB allocation.

Considering eIMTA, the downlink channel conditions as such do not vary significantly among e.g. consecutive DL subframes. However, when used as DL subframes, flexible subframes experience interference which may be fundamentally different from that of fixed DL subframes. The main reason behind this is the fact that interference scenario can be different due to presence of cross-link interference.

It can be shown that HARQ-ACK bundling, which is the only feedback option available for non-CA capable UEs when using DL reference configuration 5, results in considerable DL throughput degradation (compared to the case without bundling). This indicates that, there is a clear need for optimizing HARQ-ACK bundling for eIMTA, e.g. by means of providing separate bundling windows for fixed and flexible subframes, respectively. This is also inline with the proposals made in [4].
On the other hand, taking into account the importance of configuration 5, we propose that an eIMTA capable UEs should always support PUCCH format 3, also without carrier aggregation capability.

Proposal #2: Consider eIMTA specific bundling/multiplexing solution to facilitate separate bundling windows for fixed and flexible subframes.
Proposal #3: eIMTA capable UEs should support PUCCH format 3 also without carrier aggregation 
3. PUCCH Resource allocation details 
PUCCH resource allocation scheme for eIMTA should maximize the commonality with the existing solutions. That indicates that implicit resource allocation should be supported similarly as in previous releases.
It is noted that when using PUCCH Format 3 for HARQ-ACK feedback for eIMTA, existing resource allocation solution can be used as such. 

Two main issues related to PUCCH Format 1/1a/1b resource allocation for eIMTA are

1. coexistence between legacy UEs and eIMTA UEs  

2. PUCCH Format 1 overhead due the DL-heavy configuration.

It has been proposed in [5], to renumber the PUCCH resource allocation (i.e., DL association set indexes defined in Table 10.1.3.1-1 of 36.213, content copied in Table 1 of this document) to achieve a shared (at least partly) collision-free PUCCH region for eIMTA UEs and legacy UEs. This is a straightforward solution and results in small overhead since legacy UEs and eIMTA UEs can share the some of the PUCCH Format 1a/1b space. Regarding specification impact, this approach implies the definition of a new DL association set index table according to SIB1-configuration and DL reference configuration. 

 Table 1. Downlink association set index
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 for TDD [TS 36.213]
	UL-DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6
	-
	4
	-
	-
	6
	-
	4

	1
	-
	-
	7, 6
	4
	-
	-
	-
	7, 6
	4
	-

	2
	-
	-
	8, 7, 4, 6
	-
	-
	-
	-
	8, 7, 4, 6
	-
	-

	3
	-
	-
	7, 6, 11
	6, 5
	5, 4
	-
	-
	-
	-
	-

	4
	-
	-
	12, 8, 7, 11
	6, 5, 4, 7
	-
	-
	-
	-
	-
	-

	5
	-
	-
	13, 12, 9, 8, 7, 5, 4, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


Table 2 shows the proposed Downlink association set index in the case of DL reference configuration 5. The proposed ordering of the DL subframes is the following:

1. Subframes overlapping with DL association set of SIB-1 (red color)
2. Other fixed DL subframes (green color)
3. Flexible subframes

Following this principle, the PUCCH resources do not need to be dimensioned according to the maximum number of HARQ-ACK resources as the unoccupied resources will automatically appear in the end of the PUCCH region.
· The smaller number of DL subframes in the selected UL-DL configuration, the smaller number of resources needed for PUCCH
· The unoccupied PUCCH resources can be used for PUSCH.
Table 2. Downlink association set index
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 for TDD, DL Reference configuration = 5

	UL-DL

Configuration given by SIB-1
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	UL-DL Configuration 0
	-
	-
	6, 12, 7, 11, 13, 8, 4, 9, 5
	-
	-
	-
	-
	-
	-
	-

	UL-DL Configuration 1
	-
	-
	7, 6, 13, 12, 8, 11, 4, 9, 5
	-
	-
	-
	-
	-
	-
	-

	UL-DL Configuration 2
	-
	-
	8, 7, 4, 6, 13, 12, 9, 11, 5
	-
	-
	-
	-
	-
	-
	-

	UL-DL Configuration 3
	-
	-
	7, 6, 11, 13, 12, 5, 4, 8, 9
	-
	-
	-
	-
	-
	-
	-

	UL-DL Configuration 4
	-
	-
	12, 8, 7, 11, 13, 5, 4, 6, 9
	-
	-
	-
	-
	-
	-
	-

	UL-DL Configuration 5
	-
	-
	13, 12, 9, 8, 7, 5, 4, 11, 6
	-
	-
	-
	-
	-
	-
	-

	UL-DL Configuration 6
	-
	-
	7, 13, 12, 11, 6, 8, 4, 9, 5
	-
	-
	-
	-
	-
	-
	-


Proposal #4: Support PUCCH Format 1a/1b implicit resource allocation for eIMTA
Proposal #5: Provide a shared collision-free PUCCH region for eIMTA UEs and legacy UEs 
Proposal #6: Arrange DL association set indices for eIMTA UEs so that PUCCH overhead is minimized 

4. Conclusions

In this contribution we have discussed issues related to HARQ-ACK feedback on PUCCH. Based on the discussion, we make the following proposals:
Proposal #1: Support both Format 1a/1b (including channel selection) and Format 3 based HARQ-ACK schemes with eIMTA.
Proposal #2: Consider eIMTA specific bundling/multiplexing solution to facilitate separate bundling windows for fixed and flexible subframes.
Proposal #3: eIMTA capable UEs should support PUCCH format 3 also without carrier aggregation. 
Proposal #4: Support PUCCH Format 1a/1b implicit resource allocation for eIMTA.
Proposal #5: Provide a shared collision-free PUCCH region for eIMTA UEs and legacy UEs. 

Proposal #6: Arrange DL association set indices for eIMTA UEs so that PUCCH overhead is minimized. 
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