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1 Introduction

In RAN1#74bis, it was agreed that DL HARQ reference configuration can choose from Rel-8 TDD UL-DL configurations {2, 4, 5}. Based on the above agreements, this contribution further discusses HARQ-ACK transmission aspects on PUCCH/PUSCH, and resource allocation for PUCCH format 1a/1b channels.  
2 HARQ-ACK transmission schemes on PUCCH

Three types of HARQ-ACK transmission schemes are defined on PUCCH in TDD LTE, i.e. HARQ-ACK bundling, HARQ-ACK multiplexing (also called format 1b with channel selection), and PUCCH format 3. General speaking, all schemes could be extended for eIMTA operation, but we consider a down selection for simplicity. 
HARQ-ACK bundling is mainly targeting coverage, however, eIMTA is primarily for small cell scenarios and coverage is not an issue. Therefore, HARQ-ACK bundling can be excluded for eIMTA to avoid unnecessary standardization work, especially considering that the associated DL throughput loss can be very large for the typical case of DL-Reference configuration 5. 
With respect to minimizing DL throughput loss, PUCCH format 3 is the best choice for HARQ-ACK transmission. In Rel-10/11, PUCCH format 3 can be used when a UE is configured with single serving cell but this is restricted to CA-capable UEs. The use of PUCCH format 3 can be extended to non-CA UEs but it should not be a mandatory feature for such lower-category UEs in order to support eIMTA. Therefore, as a good trade off between DL throughput performance and UL feedback overhead and additional UE complexity, eIMTA support shall be provided for UEs using PUCCH Format 1b with channel selection and do not implement transmission of PUCCH Format 3. 

Proposal 1: 

· PUCCH format 3 and format 1b with channel selection are supported for HARQ-ACK transmission in eIMTA. PUCCH Format 3 is not mandatory for CA non-capable UEs.
2.1 PUCCH format 3
According to the DL-reference configuration, a reference bundling window size can be derived; however, it can often be the case that some subframes in the reference bundling window are actually used as UL according to the indication of L1 explicit signalling. One potential way is to determine the HARQ-ACK payload for a serving cell according to the actual DL subframes in the bundling window. However, when L1 explicit signalling is missed, a UE cannot determine the correct HARQ-ACK payload for a respective serving cell. Therefore, it is more robust to operate PUCCH format 3 according the bundling window of the DL-reference configuration. 

For HARQ-ACK transmission on PUSCH, the UL DAI can be used to determine the HARQ-ACK payload for a respective serving cell according to the DL-reference configuration. 
Proposal 2: 

· The bundling window size is defined by the DL-reference configuration.
2.2 PUCCH Format 1b with Channel Selection
As discussed in section 2.1, it is preferable to use the DL-reference configuration to determine the bundling window for HARQ-ACK transmission. Since DL-reference configuration is chosen from UL-DL configuration {2, 4, 5}, PUCCH Format 1b with channel selection needs to only be supported for M=4. 
2.2.1 Channel selection for one configured serving cell
The 4-bit channel selection mapping Table 10.1.3-7 specified in [1] is cited below. 
Table 10.1.3-7: Transmission of HARQ-ACK multiplexing for M = 4
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In Rel-10/11, HARQ-ACK for subframe k in the bundling window is mapped to HARQ-ACK(k), k=0,1,2,3. One property for the mapping in Table 10.1.3-7 [1] is that NACK and DTX are distinguishable for HARQ-ACK(0) if HARQ-ACK(1), HARQ-ACK(2) and HARQ-ACK(3) are all NACK/DTX. The Rel-10/11 eNB implementation can use this property to check the performance of PDCCH. 
However, it can often be the case that the first subframe in the bundling window of the reference DL-configuration is an UL subframe. For example, if DL-reference configuration is TDD configuration 2 and the actual configuration as indicated by explicit L1 signaling is configuration 0 and/or 6, the first subframe in the reference bundling window can be an UL subframe. As eIMTA is mainly useful for  burst traffic, it is likely to adapt to TDD configuration 0 or 6 due to lower DL traffic. As a consequence, using the mapping of Table 10.1.3-7, the eNB cannot perform PDCCH link adaptation based on feedback for HARQ-ACK(0). 
To solve the above issue, one possible way is to link HARQ-ACK(0) to the first PDCCH/PDSCH by associating the HARQ-ACK information linked to the PDCCH with DAI equal to k to HARQ-ACK(k-1), k=1,2,3,4. If SPS service is configured for a UE, HARQ-ACK information for SPS PDSCH is always mapped to HARQ-ACK(3). Correspondingly, for channel resource allocation, the k-th candidate channel is determined by PDCCH with DAI equal to k and a resource for SPS PDSCH, if configured, is the 4th candidate channel resource. 
One advantage of the above method is it enables at least one PDSCH to be scheduled during an uncertainty period for eIMTA (re)configuration. In fact, only HARQ-ACK(0) in Table 10.1.3-7 is aligned with constellation mapping of PUCCH format 1a. That is, in a Rel-10/11 TDD CA, only the first DL subframe can be used for PDSCH transmission during an uncertainty period for CA (re)configuration. As shown in Figure 1, assuming UL-DL configuration 0 for SIB1 configuration and DL-reference configuration is 2, in non-eIMTA operation, HARQ-ACK for subframe 6 is reported at UL subframe 12 according to SIB1 UL-DL configuration while, according to DL-reference configuration 2 for eIMTA, subframe 6 is mapped to HARQ-ACK(2) and reported in UL subframe 12, if HARQ-ACK(k) is mapped to subframe k in the bundling window. The effective constellation mapping for HARQ-ACK(2), assuming that HARQ-ACK(0/1/3) are all NACK/DTX, is different from PUCCH format 1a. This obviously results in a misunderstanding for the HARQ-ACK transmission between the eNB and the UE during eIMTA (re)configuration. Using HARQ-ACK(k) mapping according to DAI values, HARQ-ACK(0) is always used in eIMTA operation and there is common understanding for the constellation mapping between the UE and the eNB if the eNB only schedules subframe 6 to the UE. 
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Figure 1: HARQ-ACK(k) mapping

One additional advantage of the above method mapping HARQ-ACK(k) according to DAI values is that it can be extended to DL-reference configuration 5. If scheduling restriction for up to 4 PDCCH/PDSCH can be assumed for a UE, the above mapping of channel selection can be reused by assuming a reference bundling window size of 4. This is more efficient than relying on HARQ-ACK bundling.  

It is noted that the above ordering of HARQ-ACK bits is used in HARQ-ACK transmission on PUSCH in Rel-8 and can be re-used for HARQ-ACK transmission on PUSCH for eIMTA. As a consequence, the HARQ-ACK feedback operation on PUCCH and PUSCH becomes aligned. 

Proposal 3: For PUCCH Format 1b with channel selection and one configured serving cell: 

· HARQ-ACK information linked to PDCCH with DAI equal to k is mapped as HARQ-ACK(k-1), k=1,2,3,4; HARQ-ACK information for SPS PDSCH, if configured, is always mapped to HARQ-ACK(3).
· The k-th candidate channel resource is determined by the PDCCH with DAI equal to k, and format 1b channel for SPS PDSCH if configured is the 4th candidate channel.
· For DL-reference configuration 5, a scheduling restriction for a maximum of 4 PDCCH/PDSCH can be assumed for a UE using PUCCH Format 1b with channel selection.  

· The Rel-8 scheme for HARQ-ACK transmission on PUSCH also applies for eIMTA.

2.3 Channel selection for two configured serving cells
The Rel-11 operation of PUCCH Format 1b with channel selection can be reused when both serving cells have bundling window size 4. Therefore, spatial bundling is done for each subframe; then time domain bundling is applied to obtain two bits per serving cell so that four total bits are generated for the 2 serving cells and are reported by following the 4-bit channel selection mapping table in [1]. The Rel-11 operation for HARQ-ACK transmission on PUSCH can also be reused. 
Proposal 4: For PUCCH Format 1b with channel selection and two configured serving cells: 

· Reuse the Rel-11 PUCCH Format 1b with channel selection scheme  for the case both serving cells have bundling window size 4.
· Reuse the Rel-10 scheme for HARQ-ACK transmission on PUSCH.
3 PUCCH resource allocation
As proposed in section 2, both PUCCH format 3 and PUCCH Format 1b with channel selection are supported for HARQ-ACK transmission in eIMTA. The corresponding resource allocations for the two schemes are discussed in this section and it is proposed to maximize reuse of the Rel-11 resource allocation principles. 
Use of PUCCH format 3 requires using PUCCH format 1a/1b when UE only detects a PDCCH with DAI equal to 1, with or without SPS PDSCH received on Pcell. For all other cases, a PUCCH format 3 resource can be indicated by ARI. For PUCCH Format 1b with channel selection, up to 4 channel resources are needed. 
An eIMTA UE will operate its DL HARQ transmission according to a RRC configured DL-reference configuration. However, 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 2, 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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Figure 2: Collisions of PUCCH resources

3.1 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 3, block interleaving could be used for PUCCH resource reservation for PDCCH case; while for EPDCCH case in Figure 4, 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 2, 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 3, block interleaving could be used for PUCCH resource reservation for PDCCH case, while for EPDCCH case in Figure 4, 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 2 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 3 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 3: PUCCH resource allocation for PDCCH case
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Figure 4: 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 5: 

· 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. 
3.2 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 5: Resource compression by ARO

Figure 5 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 5, 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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Figure 6: ARO values prioritizing first blocks

Proposal 6: 

· ARO value 
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4 Conclusions
This contribution discussed HARQ-ACK transmission schemes and PUCCH resource allocation in eIMTA. The following proposals are made:
Proposal 1: 

· PUCCH format 3 and format 1b with channel selection are supported for HARQ-ACK transmission in eIMTA.
Proposal 2: 

· The bundling window size is defined by the DL-reference configuration.
Proposal 3: For PUCCH Format 1b with channel selection and one configured serving cell: 

· HARQ-ACK information linked to PDCCH with DAI equal to k is mapped as HARQ-ACK(k-1), k=1,2,3,4; HARQ-ACK information for SPS PDSCH, if configured, is always mapped to HARQ-ACK(3).
· The kth candidate channel resource is determined by the PDCCH with DAI equal to k, and format 1b channel for SPS PDSCH if configured is the 4th candidate channel.
· For DL-reference configuration 5, a scheduling restriction for a maximum of 4 PDCCH/PDSCH can be assumed for a UE using PUCCH Format 1b with channel selection.  

· The Rel-8 scheme for HARQ-ACK transmission on PUSCH also applies for eIMTA.

Proposal 4: For PUCCH Format 1b with channel selection and two configured serving cells: 

· Reuse the Rel-11 PUCCH Format 1b with channel selection scheme  for the case both serving cells have bundling window size 4.
· Reuse the Rel-10 scheme for HARQ-ACK transmission on PUSCH.
Proposal 5: 

· 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 6: 

· ARO value 
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