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1 Introduction

According the agreements in RAN1#76meeting and email approval [76-06], subframes in a bundling window are indexed according to the principle [2],
· First type: fixed subframes having the same HARQ timing for both eIMTA and non-eIMTA UEs;
· Second type: fixed subframes having different HARQ timing for eIMTA and non-eIMTA UEs;
· Third type: flexible subframes .
For PUCCH resource allocation for PDCCH scheduling, 

· for the first type of subframes, it was agreed to reuse the existing implicit PUCCH resource for subframes with the same DL HARQ timing between eIMTA and non-eIMTA UEs;

· No further separation between the second and the third group of subframes, i.e. block interleaving is applied for second and third group of subframes together. A second RRC configured PUCCH starting offset is used. 
As to PUCCH resource allocation for EPDCCH scheduling, 

· Same subframe indexing is used as for PDCCH, and this subframe indexing is also used in the ARO calculation;
· No new RRC configured PUCCH starting offset is introduced.
According the discussion, the above agreements applies for DL-reference configuration 2 and 4, while it keeps FFS for DL-reference configuration 5 due to a slow progress on [76-07].

Regarding HARQ-ACK transmission, it is agreed current currently specified principle is used, i.e. HARQ-ACK bit ordering is done according to DL DAI value in PDCCH/EPDCCH, and HARQ-ACK for SPS if present is allocated as the last bit in the bundling window. However, 3 options for HARQ-ACK ordering for PUCCH format 1b with channel selection was proposed, but no agreement was made.
· Option 1: The order of HARQ-ACK bits is determined according to the original downlink association set index K according to DL-reference configuration;

· Option 2: In addition to PUCCH resource allocation, agreed DL association set indexing tables are also used for determining the order of HARQ-ACK bits;

· Option 3: HARQ-ACK ordering defined for PUCCH format 3 applies. 
Hence, in this contribution, we discuss the 2 remaining issues on PUCCH based HARQ-ACK procedure, i.e. PUCCH resource allocation for DL-reference configuration 5, and HARQ-ACK ordering for PUCCH format 1b with channel selection. 
2 PUCCH resource allocation for DL-reference configuration 5
HARQ-ACK transmission based PUCCH format 3 is the only choice if DL-reference configuration 5 is used. According the agreement so far, 

· If TDD eIMTA is not enabled on the PCell but is enabled on at least one SCell, the UE behavior for HARQ-ACK feedback when PUCCH format 3 is configured follows that as specified in Rel-10/11.
· If a UE is enabled with eIMTA on the PCell and is configured with PUCCH format 3 for HARQ-ACK transmission, the Rel-10/11 PUCCH format 3 UE behaviors apply, except that the UE shall use the DL HARQ reference configuration and under fallback, resource allocation scheme for PUCCH format 1a/1b
It effectively means PUCCH format 1a/1b resource is needed if only one PDSCH scheduled on PCell by a PDCCH with DL DAI equals 1 is received by UE. A straightforward way is to extend the agreements on PUCCH resource allocation for DL-reference configuration 2 & 4 to DL-reference configuration 5. 
Proposal 1: 

· The agreements on PUCCH resource allocation for DL-reference configuration 2 & 4 applies on DL-reference configuration 5.
3 HARQ-ACK ordering for PUCCH format 1b with channel selection
3.1 Channel selection for one configured serving cell
For DL-reference configuration 2 or 4, the size for a bundling window is always 4, hence PUCCH Format 1b with channel selection for eIMTA always works with a 4-bit mapping table. 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. According to Table 10.1.3-7 [1], HARQ-ACK(0) is somewhat special, since it maintains fallback operation. That is, if only one single-TB is scheduled in first subframe in the bundling window, i.e. mapped to HARQ-ACK(0), which has the same constellation point mapping compared with PUCCH format 1a. Further, NACK and DTX are distinguishable for HARQ-ACK(0) if HARQ-ACK(1/2/3) are all NACK/DTX, i.e. the Rel-10/11 eNB implementation can use this property to check the performance of PDCCH. We discuss the 3 options for HARQ-ACK ordering below.

If option 1 is used, it often is 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, it loss the nice functionality only available by HARQ-ACK(0). 
To maintain the good property, the above option 3 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. 
Several advantages are observed for the above method. 

· As discussed above, NACK and DTX are distinguishable for HARQ-ACK(0) if HARQ-ACK(1), HARQ-ACK(2) and HARQ-ACK(3) are all NACK/DTX.  

· 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

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 DL DAI based ordering is not new and is just to align the HARQ-ACK feedback operation for different transmission schemes. 

Option 2 for HARQ-ACK ordering can have the benefit of option 3 in some cases, hence is also better than option 1. It keeps the same subframe ordering as for PUCCH resource allocation, but it is anticipated a larger specification impact.

Proposal 2: 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.
· The Rel-8 scheme for HARQ-ACK transmission on PUSCH also applies for eIMTA.

3.2 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 3: 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.
4 Conclusions
This contribution discussed remaining issues on HARQ-ACK transmission schemes and PUCCH resource allocation in eIMTA. The following proposals are made:
Proposal 1: 

· The agreements on PUCCH resource allocation for DL-reference configuration 2 & 4 to DL-reference configuration 5.
Proposal 2: 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.
· The Rel-8 scheme for HARQ-ACK transmission on PUSCH also applies for eIMTA.

Proposal 3: 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.
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