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1 Introduction

The design of HARQ timing for eIMTA was discussed at RAN #74bis and the following was agreed

Working assumption:

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

Agreement:

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

In this contribution, we discuss some remaining details of HARQ feedback mapping.
2 Discussion
2.1 HARQ-ACK on PUCCH
Since traffic adaptation implies that more subframes are useful for downlink transmission compared to the case of no traffic adaptation, different PUCCH HARQ-ACK resource mapping will be applied by a user configured with the feature compared to one that do not. This creates a collision risk in the PUCCH resource mapping where two assignments may point to the same physical resource. A few potential solutions can be envisioned. 
PUCCH format 3 can directly be applied to both single cell and carrier aggregation cases to avoid collisions. Encoding would then be done according to the downlink reference configuration of respective cell. 

2.1.1 Scheduler collision avoidance

The most straightforward solution is to leave the collision problem to the scheduler. This would put some restrictions on how to schedule legacy users together with new traffic adaptation activated users where some CCE combinations cannot both serve as initial CCE. Since the traffic adaptation feature mainly targets small cells and not extremely high loads, search space limitations may not be a limitation and hence it may be a feasible solution. It does however add some complexity to the eNodeB.   
2.1.2 Separated PUCCH resources

Another option to guarantee that no limitations occur in the scheduler, that also simplify scheduler design, is to separate the PUCCH resource regions, for example by configuring different 
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 or by employing EPDCCH scheduling with different PUCCH mapping parameters. Together with some scheduler implementation this may be sufficient for effective operation. The drawback is an increase in PUCCH overhead. 
2.1.3 Updated resource mapping  

If need is found that the complexity to scheduler implementation is too much and PUCCH overhead becomes too large, an optimized scheme for PUCCH resource mapping could be considered. For example the feedback mapping may be updated such that subframes present in “downlink associations set” of the uplink reference configurations are mapped first according to the HARQ-ACK feedback mapping of the uplink reference configuration. Any remaining subframes in the “downlink association set” of the downlink reference configuration may then be mapped according to the existing procedure, but with an offset to the first mapping or mapped to configured resources. 
Table 1 Downlink association set index
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 for TDD 
	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
	-


Proposal 1: For HARQ-ACK on PUCCH, the subframes present in “downlink association set” of both UL and DL reference configurations are mapped according to the UL reference configuration. 
Proposal 2: The remaining subframes in the “downlink association set” of the downlink reference configuration are mapped separately according to DL reference configuration. FFS if Rel-8 mapping function with an offset to the first resource region or semi-static configured resources are used. 
2.2 HARQ-ACK on PUSCH
When the UE transmits HARQ-ACK on PUSCH, the Downlink Assignment Index (DAI) field of the UL grant will be used to determine transmission parameters, i.e. the scrambling sequence for HARQ bundling, the number HARQ-ACK bits for HARQ-ACK multiplexing. However, due to separate HARQ/scheduling design for UL and DL, the HARQ-ACK resource mapping for eIMTA needs to be checked. In one case, the DAI field does not exist in TDD configuration 0. In another case, the UL grant may appear earlier than the last downlink subframe within the bundling window of a DL reference configuration. It needs to be discussed how these problems can be resolved. 
For HARQ-ACK bundling, the UE cannot detect DL assignment missing based on the UL DAI, e.g. the UL DAI is not available in TDD configuration 0. This is similar to the case when PUSCH transmission is not adjusted based on an UL grant. In this case, the DL DAI can be used to detect DL assignment missing and the scrambling parameter Nbundled can be set to the total number of received PDSCH transmission and SPS release within the bundling window of the DL reference TDD configuration.
For HARQ-ACK multiplexing, the number of HARQ-ACK bits cannot be based on the UL DAI. This is also similar to the case when PUSCH transmission is not adjusted based on an UL grant. Similar solutions can be applied, i.e. the number of HARQ-ACK bits is fixed to the number of subframes within the bundling window of the DL reference TDD configuration.
For the case of carrier aggregation, most of the exiting solutions for inter-band TDD CA can be reused.

Proposal 3: For HARQ-ACK on PUSCH, reuse the existing solutions for the case when PUSCH transmission is not adjusted by an UL grant.
2.3 PHICH resource mapping

Considering the co-existence with legacy UEs, PHICH resource mapping should always follow the TDD configuration broadcasted in SIB1. 

Proposal 4: PHICH resource mapping follows the TDD configuration in SIB1.

3 Conclusion

In this contribution we address the topic of HARQ feedback timing and resource mapping. Based on the discussion we make the following proposals: 
Proposal 1: For HARQ-ACK on PUCCH, the subframes present in “downlink association set” of both UL and DL reference configurations are mapped according to the UL reference configuration. 

Proposal 2: The remaining subframes in the “downlink association set” of the downlink reference configuration are mapped separately according to DL reference configuration. FFS if Rel-8 mapping function with an offset to the first resource region or semi-static configured resources are used. 

Proposal 3: For HARQ-ACK on PUSCH, reuse the existing solutions for the case when PUSCH transmission is not adjusted by an UL grant.

Proposal 4: PHICH resource mapping follows the TDD configuration in SIB1.
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