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1 Introduction

A definition of an efficient method for supporting the HARQ operation for PDSCH and PUSCH transmissions in eIMTA is critical for achieving the associated throughput gains. More specifically, the scheduling/HARQ timing and the allocation of PUCCH/PHICH resources to support DL/UL HARQ operations are required [3]. This contribution focuses on PDSCH HARQ timing and related PUCCH HARQ-ACK resource allocation. The discussion on PUSCH HARQ transmission is provided in a companion contribution [4]. 
2 Discussion 
The WI on TDD inter-band CA with different UL-DL configurations among configured cells [2] was finalized in Rel-11 and has some commonalities with the WI on eIMTA [1]. In the scenarios for TDD inter-band CA, the aggregated cells can have different UL-DL configurations while in the WI eIMTA different radio frames may use different UL-DL configurations. Therefore, some designs on TDD inter-band CA may be re-used when considering the eIMTA design. 
2.1 PDSCH HARQ timing
Figure 1 provides an example of a UL-DL reconfiguration where TDD configuration 1 is used in frame n and it is adapted to TDD configuration 2 in frame n+1. From Figure 1, at the boundary of the reconfiguration, the PUCCH HARQ-ACK for DL subframe 9 which belongs to frame n cannot be reported using HARQ timing of the actual UL-DL configuration of frame n due to the direction reversal in subframe 13. Hence, DL subframe 9 cannot be scheduled which will lead to throughput loss. 
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Figure 1: Problem in PDSCH HARQ timing

To achieve the throughput gain from traffic adaptation, UL-DL configuration needs to be changed quite faster than by SIB1 transmissions. As a result, a PUCCH resource collision, as depicted in Figure 1, can happen frequently and HARQ transmissions for PDSCH must be supported for all DL subframes of a UL-DL configuration. 
In Rel-11 TDD inter-band CA, a reference UL-DL configuration is derived, based on the Pcell configuration and the Scell configuration, and it is used for HARQ timing for the PDSCH transmissions on the Scell. The DL subframes in the reference configuration are a super-set of the DL subframes in both Pcell and Scell so that HARQ transmission on all DL subframes on Scell could be supported. Similarly, PDSCH HARQ timing according to a reference configuration could be considered in eIMTA. The DL subframes in the reference configuration must be a super-set of the DL subframes of the previous and the adapted UL-DL configurations. Several candidate methods to determine the reference configuration can be considered and are discussed below.

A first option is to always apply a fixed reference configuration which should be the DL heaviest one, i.e. TDD configuration 5. However, UL HARQ-ACK signal transmissions for TDD configuration 5 are in a single UL subframe and the HARQ-ACK payload size can be up to 18 bits. This can be problematic in interference limited scenarios and can also be problematic considering that periodic CSI and SR need to also be supported in the same UL subframe.  
The second option is for RRC signaling to configure the reference configuration, for example based on recent traffic status, so that the eNB has more freedom to control the HARQ-ACK feedback. However, the HARQ-ACK payload size can still be overestimated since RRC signaling is much slower than the L1 signaling for reconfiguration and involves an uncertainty period.
The third option is to determine the most appropriate reference configuration based on the UL-DL configurations before and after the reconfiguration boundary. The mapping table defined in TDD inter-band CA can be reused by replacing Pcell/Scell configuration with the TDD configuration before/after the reconfiguration boundary. In this manner, the reference configuration can be dynamically changed so that HARQ-ACK feedback can be balanced in as many UL subframes as possible. Special handling is needed if the explicit L1 signaling is missed by a UE. 
Proposal 1: 

· HARQ transmission for PDSCH should be supported for all DL subframes of a TDD UL-DL configuration;

· A dynamic reference configuration to derive PDSCH HARQ timing is determined by the UL-DL configurations before and after the reconfiguration boundary. 
2.2 PUCCH resource allocation
According to the discussion in section 2.1, PDSCH transmissions in eIMTA may follow the timing of a reference configuration. However, an implicit PUCCH format 1a/1b resource allocated by the reference configuration may result to a collision with implicit resources allocated by the SIB1 UL-DL configuration. A similar problem was discussed in Rel-11 TDD inter-band CA with cross-carrier scheduling and it was agreed that a PDSCH transmission on the Scell always follows the HARQ-ACK timing of the Pcell configuration in case of cross-carrier scheduling. The implicit PUCCH resource allocated on the Pcell is always according to the Pcell UL-DL configuration for all UEs and resource collisions are avoided. 
Specifically, if the reference configuration for PDSCH HARQ timing determination is different from the SIB1 UL-DL configuration in eIMTA, the implicit PUCCH resource allocation rules are different and collisions may happen. Since the nature for eIMTA is to quickly change a UL-DL configuration, the mismatch on implicit resource allocation between the reference configuration and the SIB1 configuration can frequently occur. 

For the example shown in Figure 2, it is assumed that the SIB1 UL-DL configuration is configuration 0 (e.g. for maximum power savings in low load cases). Then, in case of increased DL traffic, the eNB may adapt the configuration into UL-DL configuration 2. Implicit PUCCH resource allocation is needed when either PUCCH format 3 or PUCCH format 1a/1b based schemes is adopted. For non-eIMTA UEs operating with SIB1 UL-DL configuration 0, implicit PUCCH resource is allocated in UL subframe 12 for (E)PDCCH detected in DL subframe 6. Meanwhile, assuming UL-DL configuration 2 is used as reference configuration for an eIMTA UE, the bundling window is of size 4 for UL subframe 12, i.e. it includes DL subframe 4, 5, 6, and 8, and implicit PUCCH resources need to be allocated for each of the 4 DL subframes. If the same parameter 
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 is used for both non-eIMTA UE and eIMTA UE, (E)PDCCHs in DL subframe 4 for eIMTA UE and (E)PDCCHs in DL subframe 6 for non-eIMTA UE can map to the same PUCCH resources. To avoid collisions, scheduler restrictions are necessary. 
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Figure 2: Collisions of PUCCH resources
For PDCCH, in Figure 2, there already exists an implicit PUCCH resource for DL subframe 6 allocated by SIB1 UL-DL configuration 0. Hence, it is possible to only allocate additional implicit PUCCH resource for other DL subframes in the bundling window, i.e. subframe 4, 5 and 8. A new parameter 
[image: image4.wmf]REF

PUCCH

N

),

1

(

 may be used to configure the starting offset for the new PUCCH resources. Alternatively, the new PUCCH resources can be allocated immediately after the resource for DL subframe 6 and additional signaling is not needed. 
DL subframe 5 is fixed DL subframe, hence its linked new PUCCH resources are always needed. For flexible subframe 4 and 9, their linked new PUCCH resources may or may not be needed depending on the actual TDD configuration used by eNB. Therefore, as shown in Figure 3, new PUCCH resources for DL subframe 5 are allocated first followed by resources for flexible subframes 4 and 8. Resource interleaving as in Rel.8 can also apply within fixed DL subframes and flexible DL subframes respectively. A main benefit for such mapping is that the PUCCH region for flexible subframes 4 and 8 can be allocated to PUSCH if flexible subframes 4 and/or 8 are UL ones. New PUCCH can be reserved according to the maximum number of flexible subframes and a fixed ordering of the flexible subframes can apply. Alternatively, new PUCCH resources for flexible subframes can be allocated based on the actual flexible DL subframes as indicated by the signaling for the TDD UL-DL reconfiguration. 
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Figure 3: PUCCH resource allocation
For EPDCCH, PUCCH resources are reserved for all DL subframes in the bundling window. The PUCCH resource mapping as shown in Figure 3 can be reused for EPDCCH, i.e. PUCCH resources for fixed DL subframes 5 and 6 are mapped first and then followed by PUCCH resources for flexible DL subframes 4 and 8. The mapping between an EPDCCH and its associated PUCCH format 1a/1b resource can be further adjusted by the ARO field that can compress PUCCH overhead for UL HARQ-ACK signal transmissions. Since eIMTA is typically targeted for small cells having few active UEs, a very small amount of PUCCH resources can suffice. Enhancements on the ARO resource compression capability are however needed for sufficient PUCCH overhead reduction and this can be further studied. 
Proposal 2: 

· For PDCCH, the implicit PUCCH resources derived from the SIB1 UL-DL configuration are reused for an eIMTA UE, new PUCCH resources for other fixed DL subframes are allocated first, followed by new PUCCH resources for flexible subframes
· For EPDCCH, new PUCCH resources for fixed DL subframes are allocated first and followed by new PUCCH resource for flexible subframes. Efficient PUCCH resource compression by improved ARO design can be considered. 
3 Conclusions
This contribution discussed PDSCH HARQ timing and related implicit PUCCH resource allocation in eIMTA. The following proposals are made:
Proposal 1: 

· HARQ transmission for PDSCH should be supported for all DL subframes of a TDD UL-DL configuration;

· A dynamic reference configuration to derive PDSCH HARQ timing is determined by the UL-DL configurations before and after the reconfiguration boundary. 
Proposal 2: 

· For PDCCH, the implicit PUCCH resource derived from the SIB1 UL-DL configuration are reused for an eIMTA UE, new PUCCH resources for fixed DL subframes are allocated first, followed by new PUCCH resources for flexible subframes
· For EPDCCH, new PUCCH resources for fixed DL subframes are allocated first and followed by new PUCCH resource for flexible subframes. Efficient PUCCH resource compression by improved ARO design can be considered. 
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