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1 Introduction

In RAN1#74, HARQ timing issues for PDSCH transmission were discussed and the following agreements were reached [1]:

· Downlink HARQ timing follow a higher layer RRC configured TDD configuration
· At least configurations 2 and  5 can be selected

· FFS other configurations

Based on the above agreements so far, this contribution further discusses HARQ-ACK transmission aspects in PUCCH and resource allocation for PUCCH 1a/1b.  
2 Discussion 
2.1 HARQ-ACK transmission schemes on PUCCH

Three types of HARQ-ACK transmission schemes are defined on PUCCH; HARQ-ACK bundling, HARQ-ACK multiplexing, and PUCCH format 3. Since eIMTA is mainly for small cell scenarios, coverage is not an issue. Hence, HARQ-ACK bundling could be excluded from candidate solutions to avoid unnecessary specifications especially since the associated DL throughput loss can be very large when configuration 5 is the DL reference one as it will typically be the case. From avoiding DL throughput loss point of view, PUCCH format 3 is the best choice. Finally, in the case of interference-limited scenarios, or to avoid an overhead increase associated with PUCCH format 3, HARQ-ACK multiplexing should also be considered. 

Proposal 1: 

· Both PUCCH format 3 and HARQ-ACK multiplexing with PUCCH format 1b are supported for HARQ-ACK signal transmission.
2.2 PUCCH 1a/1b resource allocation
Implicit PUCCH format 1a/1b resource determination is applicable when PUCCH format 3 is used and the UE only receives a PDCCH with DL DAI equal to 1 or when HARQ-ACK multiplexing with PUCCH format 1b is used. 
According to past agreements on PDSCH HARQ timing, an eIMTA UE will operate its DL HARQ transmission according to a RRC configured DL-reference configuration. A legacy UE will operate according to the SIB1 configuration. This may result in a collision for implicit PUCCH resource allocation where an implicit PUCCH 1a/1b resource for a DL subframe assuming the DL-reference configuration may collide with an implicit resource for another DL subframe assuming the SIB1 configuration. 
For the example in Figure 1, the SIB1 UL-DL configuration is configuration 0 and the eNB may adapt the actual configuration into UL-DL configuration 2. 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. For a UE operating with eIMTA and assuming DL-reference configuration 2, the bundling window size is 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 operating UEs and eIMTA operating UEs, (E)PDCCHs in DL subframe 4 for eIMTA UEs and (E)PDCCHs in DL subframe 6 for non-eIMTA UEs can map to same PUCCH resources. To avoid collisions, scheduler restrictions are necessary. 
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Figure 1: Collisions of PUCCH resources
2.2.1  PUCCH resource reservation w/o considering ARO
In this section, 5 options are discussed for PUCCH resource allocation. Similar discussions were also included in other contributions (e.g. [2]~[7]).
Option 1: Separate PUCCH 1a/1b resources for eIMTA UEs and legacy UEs. 

The implicit PUCCH resource for an eIMTA UE is allocated according to its DL-reference using a new PUCCH starting offset 
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. Alternatively, new PUCCH resources can be allocated immediately after the resource for DL subframe 6 and additional signaling is not needed. As shown in Figure 2, block interleaving could be used for PUCCH resource reservation for PDCCH case; while for EPDCCH case in Figure 3, the subframes are ordered according to DL-reference. The drawback is the increased PUCCH resource overhead. For example, PUCCH resources for DL subframe 6 are reserved twice in Option 1.
Option 2: Legacy PUCCH resources used, when available in right timing
As shown in Figure 1, there already exists an implicit PUCCH resource in UL subframe 12 for DL subframe 6 which is reserved by SIB1 configuration 0. Therefore, new PUCCH resources are not needed for DL subframe 6 for eIMTA UEs and only the implicit PUCCH resources for other DL subframes in the bundling window by DL-reference, i.e. subframes 4/5/8, need to be allocated. A new parameter 
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 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. As shown in Figure 2, block interleaving could be used for PUCCH resource reservation for PDCCH case, while for EPDCCH case in Figure 3, subframes are ordered according to the DL-reference configuration. 
Option 3: Legacy PUCCH resources used, when available in right timing, and separation of fixed DL subframes and flexible subframes. 
Same as Option 2 with the additional observation from Figure 1 that DL subframe 5 is a fixed one and hence its linked new PUCCH resources are always needed, while for flexible subframes 4 and 8, their linked new PUCCH resources may or may not be needed depending on the actual TDD configuration. Therefore, 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 as shown in Figure 2 for PDCCH case, while for EPDCCH case, no block interleaving is needed. 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 used as UL. 
Although Option 3 at first seems better than Option 2, some drawbacks are observed. By putting a fixed DL subframe (e.g. subframe 5) before flexible subframes (e.g. subframes 4, 8), some compression gain of block interleaving is lost. That is, even when the eNB knows that PDCCH occupied less than 3 OFDM symbols in each DL subframe, it still cannot release the 3rd part of PUCCH resource for DL subframe 5. This situation can be even worse for EPDCCH case. Option 3 is also more complicated than other options. 
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Figure 2: PUCCH resource allocation for PDCCH case
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Figure 3: PUCCH resource allocation for EPDCCH case
Option 4: Legacy PUCCH resource used, when available in right timing, explicit resources for other subframes in the bundling window
Options 1/2/3 require allocating new implicit resources. It is also possible to explicitly allocate PUCCH format 1a/1b resources and the ARI field in the DL grant can be used to improve resource efficiency and avoid collisions. However, for HARQ-ACK multiplexing with PUCCH Format 1b, up to 4 resources need to be reserved and overhead may be a problem (depending on a maximum number of eIMTA UEs). 
Option 5: Explicit 1a/1b resource for all subframes in the bundling window
The difference between Option 5 and Option 4 is that available 1a/1b resources cannot be used by eIMTA UEs. Option 5 is simpler than Option 4 but results to larger overhead.
Proposal 2: 

· Consider either Option 2 or Option 4 for PUCCH resource determination in case of HARQ-ACK multiplexing using PUCCH Format 1b or in case of PUCCH format 1a/1b used as fallback to PUCCH Format 3. 
2.2.2  Discussion on ARO for EPDCCH
In the following, PUCCH resources reserved for a subframe are referred to as a block. As discussed in Rel-11 for EPDCCH, to increase the flexibility for PUCCH 1a/1b resource utilization, ARO is introduced to adjust the PUCCH resource usage. EPDCCH in a subframe can map to a block reserved for other subframe in the same bundling window. ARO has fixed 2 bits, where
· For m=0 (i.e. the first subframe in bundling window), the ARO values for TDD are {0, -2, -1, 2};

· For m>0, ARO values are 
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Figure 4: Resource compression by ARO

Figure 4 provides all possible usages supported by 4 ARO values and the curves on the top illustrate the functionality of the ARO value 
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. Since one main function of the ARO is to reduce PUCCH overhead, it is beneficial to have the first blocks being used with high probability. However, as shown in Figure 4, block m=1 and m=3 can only be used by 2 subframes while block m=2 and m=4 can only be used by 3 subframes. This contradicts the design principle for ARO in TDD. 
Prioritization of first blocks based on existing ARO can be by changing the ARO value 
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. Then all possible usages can be supported by 4 ARO values as shown in Figure 5 and an early block is used more frequently than or with equal probability to a latter block. 
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Figure 5: ARO values prioritizing first blocks

Proposal 3: 

· ARO value 
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3 Conclusions
This contribution discussed HARQ-ACK transmission schemes and PUCCH resource allocation in eIMTA. The following proposals are made:
Proposal 1: 
· Both PUCCH format 3 and HARQ-ACK multiplexing with PUCCH format 1b are supported for HARQ-ACK signal transmission.
Proposal 2: 
· Consider either Option 2 or Option 4 for PUCCH resource determination in case of HARQ-ACK multiplexing using PUCCH Format 1b or in case of PUCCH format 1a/1b used as fallback to PUCCH Format 3. 
Proposal 3: 

· ARO value 
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