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1 Introduction
In RAN1 RAN1 #86bis meeting, the following agreements on larger PDSCH/PUSCH channel bandwidth were made [1]:
· HARQ-ACK bundling is supported in CE Mode A in HD-FDD.
· HARQ-ACK bundling is not supported in CE Mode B.
· FFS whether HARQ-ACK bundling is supported in CE Mode A in FD-FDD.
· FFS whether HARQ-ACK bundling is supported for PUCCH repetition case.

· FFS whether HARQ-ACK bundling is supported for PDSCH repetition case.

· FFS whether HARQ-ACK bundling is supported for MPDCCH repetition case.

· One or multiple HARQ-ACK bundles can be supported for PDSCH scheduling before switching to UL.

· HARQ-ACK bundle size is defined as the number of PDSCH transmissions (corresponding to different HARQ processes) with a joint HARQ-ACK feedback.

· The maximum HARQ-ACK bundle size is 4.

· FFS: maximum number of HARQ-ACK bundles before switching to UL.
In this contribution, we discuss the detailed solutions to support of HARQ-ACK bundling in CE mode A in HD-FDD for MTC UEs.
2 Whether HARQ-ACK bundling is supported in CE Mode A in FD-FDD
The intention to support HARQ-bundling is to improve the downlink data rate. For FD-FDD, HARQ-bundling is not beneficial for the data rate improvement. In addition, the retransmission possibility would be increased if HARQ-ACK bundling is supported in CE mode A in FD-FDD. There is no need to support HARQ-ACK bundling in CE node A in FD-FDD. 
Proposal 1: HARQ-ACK bundling is not supported in CE Mode A in FD-FDD.
3 Specify HARQ-ACK bundling in CE mode A in HD-FDD
3.1 Whether to support H-FDD HARQ-bundling in repetition case?
For the UEs in CE Mode A, coverage of PUCCH is better than that of MPDCCH/PDSCH. Repetitions of MPDCCH/PDSCH may be needed in the case of no PUCCH repetition while repetitions of MPDCCH/PDSCH always occur in the case of PUCCH repetition. For the case of PUCCH repetition, the complexity of HARQ-timing would be increased. The purpose of supporting HARQ-ACK bundling is to increase the data rate. For repetition case, HARQ-ACK bundling gain would be smaller than the case of no PUCCH repetition. Supporting HARQ-ACK bundling for no repetition case should be considered with high priority. HARQ-ACK bundling is not supported for PUCCH repetition case in CE Mode A in HD-FDD.
Proposal 2: HARQ-ACK bundling is not supported for PUCCH repetition case in CE Mode A in HD-FDD.
3.2 Maximum number of HARQ-ACK bundles before switching to UL
If the HARQ timing reuses Rel-13 eMTC, HARQ-ACK will be transmitted in subframe n+4 for PDSCH received in subframe n. For HD-FDD, if subframe n is the last subframe for PDSCH scheduling, the maximum number of available UL subframes for HARQ-ACK transmission is 3 as shown in Figure 1. The maximum number of HARQ-ACK bundles of 3 is beneficial for smaller HARQ delay and higher downlink data rate.  
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Figure 1 HARQ timing
Proposal 3: Maximum number of HARQ-ACK bundles before switching to UL is 3.

3.3 How to bundle HARQ-ACK bits

HARQ-ACK bundling can be implemented by the following options.

· Option 1: XOR operation is applied for HARQ-ACK bits corresponding to multiple downlink subframes.

· Option 2: Feedback the total number of ACK bits.

· Option 3: Identifying separate ACK/NACK indication for each PDSCH

The feedback bits that Option 1 required are slightly less. It is preferable to use Option 1 in coverage enhancement case. But Option 1 needs additional DCI overhead to resolve DTX issue. Existing scheme for TDD can be reused to resolve DTX issue for Option 1. 2-bit Counter DAI can be introduced for HD-FDD to resolve the loss issue occurs in the start or middle of continuous PDSCH transmissions. The loss issue occurs in the last N subframes can be identified if the HARQ-ACK bits are not transmitted in the configured HARQ-ACK resources. Alternatively, 2-bit Counter DAI + 2-bit Total DAI can be considered to resolve the DTX issue. For Option 2, the UE is not required to judge DTX issue. If the number of ACKs is different from the number of scheduled PDSCH, all the scheduled PDSCH should be retransmitted by the eNB. For Option 3, since maximum bundling size is 4, PUCCH format 1b with channel selection can be used to identify ACK/NACK for each PDSCH. To support channel selection, the specific mapping table would be determined according to the HARQ-ACK bundle size. The eNB and the UE should have the same understanding on the bundle window. Compared with Option 1 and Option 2, Option 3 can distinguish the reception state of each PDSCH, then unnecessary retransmission can be reduced which is beneficial for increasing data rate. But Option3 cannot be used for the case that multiple PDSCHs are scheduled by single MPDCCH.
Observation 1: HARQ-ACK bundling implemented by XOR operation is suitable for coverage enhancement case.
Observation 2: HARQ-ACK bundling implemented by identifying separate ACK/NACK indication for each PDSCH is beneficial for higher data rate.
Proposal 4: The following two HARQ-ACK bundling implementation methods can be considered for different cases: 

· XOR operation
· Identifying separate ACK/NACK indication for each PDSCH
3.4 Discussion on HARQ-ACK bundling pattern and timing 
For flexible D/U switch pattern, there are two alternative to determine the HARQ-ACK timing. 
· Alt 1: The HARQ-ACK timing is determined according to the scheduling delay signalled in DCI.
For Alt 1, number of HARQ-ACK bundles and HARQ-ACK bundle size for each bundle can be dynamically determined by scheduling. Based on the assumption of continuous PDSCH scheduling, 3 bits are required to indicate the scheduling delay within value set of [4, 5, 6, 7, 8, 9, 10, 11]. 
· Alt 2: The HARQ-ACK timing is determined according to the last received PDSCH. 
For Alt 2, if the last PDSCH before switching to UL is received in subframe n, the last HARQ-ACK bundle will be transmitted in subframe n+4. For Alt2, the UE and the eNB should have the same understanding on the location of last PDSCH. If the eNB and the UE have different understanding on the last PDSCH before switching to UL, the UE would send PUCCH in the false subframe. It would cause interference to other UEs. Furthermore, the UE and the eNB my have different understanding on the HATQ-ACK bundle pattern. To help the UE correctly judge the last scheduled PDSCH, information related to the ending subframe for PDSCH transmission before switching to UL can be indicated by DCI. Two options of ending subframe indication can be considered.

· Option A: Indicate the related information of the last scheduled PDSCH by DCI

· Option B: Indicate whether current scheduled PDSCH is the last one by DCI
For Option A, subframe index of the last scheduled PDSCH or offset between current scheduled PDSCH and the last scheduled PDSCH can be indicated. The UE would determine the corresponding uplink subframe according to the information of the last scheduled PDSCH. For Option B, if current PDSCH is the last scheduled PDSCH, value of “1” is indicated; otherwise, value of “0” is indicated. If the UE does not received DL grant with ending indication of “1” and cannot detect MPDCCH for the following multiple subframes, the UE considers DTX for the last scheduled PDSCH and it will not feedback HARQ-ACK. For Option A, eNB needs to plan the whole scheduling in advance. For Option B, eNB only needs to predict the ending position several subframes before. Option B is preferred to indicate the ending subframe.  

If HARQ-ACK bundling is implemented by XOR operation, besides indication of scheduling delay, DAI is also required to resolve the DTX issue for Alt 1. Based on the assumption of 2-bit Counter DAI, total 5 bits are required for Alt 1. For Alt 2, only 3 bits are needed to indicate the last PDSCH and DAI. If HARQ-ACK bundling is implemented by identifying separate ACK/NACK indication for each PDSCH, the overhead of Alt 1 is also higher than that of Alt 2.
Alt 1 can support discontinuous PDSCH scheduling if the values of scheduling delay are extended. For example, 3 bits are extended to 4 bits. For Alt 2, discontinuous PDSCH scheduling can be supported if some scheduling restrictions are added. For example, discontinuous subframes can only occur in the middle of PDSCH scheduling before switching UL. 
Based on above analysis, Alt 2 is preferable.
Proposal 5: The HARQ-ACK timing is determined according to the last received PDSCH before switching to UL. 

· If the last PDSCH is in subframe n, the last HARQ-ACK bundle will be transmitted in subframe n+4.
For Alt 2, the following two alternatives can be considered to determine number of HARQ-bundles and HARQ-ACK bundle size for each bundle:

· Alt A: The number of HARQ-bundles and HARQ-ACK bundle size for each bundle are determined by predefined bundling pattern. For example, based on the assumption of maximum 10 PDSCH scheduling, the predefined pattern is {4, 3, 3}. The number of HARQ-ACK bundles is 2 if the number of PDSCH scheduling before UL is 5 as shown in Figure 2. 
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Figure 2 Example of predefined bundle rule
· Alt B: The number of HARQ-ACK bundles is fixed to maximum number of HARQ-ACK bundles. Two grouping methods can be considered.
· Alt B-1: according to predefined rule according to the total number of scheduled PDSCHs. For example, if the total number of PDSCH scheduling is 4, as shown in Figure 3, the first two scheduled PDSCHs belong to 1st bundle, and the other two scheduled PDSCHs belong to 2nd and 3rd bundle respectively.
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Figure 3 Example of predefined bundle rule

· Alt B-2: The mapping of PDSCH scheduling to HARQ-ACK bundles starts from the last received PDSCH by reverse order. As shown in Figure 4, the last PDSCH scheduled in subframe n is mapped to the 3rd HARQ-ACK bundle while the PDSCHs scheduled in subframe n-1 and n-2 are mapped to 2nd HARQ-ACK bundle and 1st HARQ-ACK bundle respectively, and the PDSCH scheduled in subframe n-3 is mapped to 3rd HARQ-ACK bundle.
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Figure 4 Example of mapping to multiple HARQ-ACK bundles
Compared with Alt B-1, earlier scheduling but later feedback issue may occur for Alt B-2. However, DTX issue will not have impact on the determination of HARQ-ACK bundle pattern for Alt B-2.
Compared with Alt A, the number of HARQ-ACK bundles for Alt B is always 3.  Alt B has larger negative impact on uplink data transmission than Alt A.  However, if the number of scheduled PDSCHs is smaller than 8, the HARQ-ACK bundle size for each bundle of Alt B is smaller than that of Alt A. Then, retransmission possibility of Alt B may be better than that of Alt A. For example, for the number of scheduled PDSCHs of 6, if Alt A is used, the number of bundles is 2 and HARQ-ACK bundle size for each bundle is 3, and the retransmission possibility would be 0.29; If Alt B is used, the number of bundles is 3 and HARQ-ACK bundle size for each bundle is 2, and the corresponding retransmission possibility would be 0.2. Considering the small difference on retransmission possibility and the impact on uplink data transmission of Alt B, Alt A is preferred.
Proposal 6: The number of HARQ-bundles and HARQ-ACK bundle size for each bundle are determined by predefined bundling pattern.
4 Conclusions
In this contribution, we have discussed the detailed design to support HARQ-ACK bundling in CE mode A in HD-FDD. We make the following observations and proposals:
Observation 1: HARQ-ACK bundling implemented by XOR operation is suitable for coverage enhancement case.
Observation 2: HARQ-ACK bundling implemented by identifying separate ACK/NACK indication for each PDSCH is beneficial for higher data rate.
Proposal 1: HARQ-ACK bundling is not supported in CE Mode A in FD-FDD.
Proposal 2: HARQ-ACK bundling is not supported for PUCCH repetition case in CE Mode A in HD-FDD.
Proposal 3: Maximum number of HARQ-ACK bundles before switching to UL is 3.

Proposal 4: The following two HARQ-ACK bundling implementation methods can be considered for different cases: 

· XOR operation
· Identifying separate ACK/NACK indication for each PDSCH
Proposal 5: The HARQ-ACK timing is determined according to the last received PDSCH before switching to UL. 

· If the last PDSCH is in subframe n, the last HARQ-ACK bundle will be transmitted in subframe n+4.
Proposal 6: The number of HARQ-bundles and HARQ-ACK bundle size for each bundle are determined by predefined bundling pattern.
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