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1 Introduction
In RAN1 RAN1 #86bis and #87 meeting, the following agreements on HARQ-ACK bundling in CE mode A 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.
· 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.

· The maximum number of HARQ-ACK bundles before switching to UL is 3.

· The maximum number of PDSCH TBs in all bundles before switching to UL is 10.

· The switch time between DL and UL is FFS between:

· Indicated in the DCI

· Implicitly based on the specification

· If repetition is used for M-PDCCH or PDSCH, HARQ-ACK bundling is not used

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 FD-FDD

The intention to support HARQ-ACK bundling is to improve the downlink data rate. For FD-FDD, HARQ-ACK 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 mode 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 Discussion on options of PDSCH scheduling
As agreed in RAN1 #87 meeting, the maximum number of PDSCH TBs in all bundles before switching to UL is 10. Different PDSCH scheduling schemes have impacts on selection of HARQ-ACK bundling pattern. There are three scheduling options:
· Option 1: One DCI schedules one PDSCH TB.

· Option 2: One DCI schedules all PDSCH TBs of a bundle (consisting of up to 4 PDSCH TBs).

· Option 3: One DCI schedules all PDSCH TBs in all bundles before switching (consisting of up to 10 PDSCH TBs). 
Compared with Option 1, considering that Option 2/3 needs less MPDCCH resources, Option 2/3 may have more available resources for PDSCH transmission and the PDSCH throughput may be improved. But improvement of PDSCH throughput is very limited if existing scheduling timing is reused for Option 2. As shown in Figure 1, since the resource assignment is restricted by resources in subframes with MPDCCH transmission, resources in the subframes without MPDCCH transmission cannot be fully utilized by PDSCH TBs.
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Figure 1 Example or resource utilization for Option 2
For Option 2, in order to avoid increasing the DCI size, ‘Resource assignment’, MCS, NDI, RV and ‘Downlink assignment index’ fields should be set to the same value for all the PDSCH TBs of a bundle . Similarly, above fields should be set to the same value for all PDSCH TBs in all bundles before switching for Option 3. Limitation on MCS has negative impact on retransmission. The scheduling flexibility of Option 2 and Option 3 is much poorer than that of Option 1. Without introducing new fields into DCI format, it is impossible to indicate ‘HARQ process number’ field for each PDSCH TB for Option 2 and Option 3. If DTX issue occurs, only partial PDSCH TBs need to be retransmitted for Option 1 and Option 2 with the help of effective DTX judgment mechanism while all PDSCH TBs should be retransmitted for Option 3. 
Observation 1: For the discussed three PDSCH scheduling Options, it is observed that:
· To keep the same DCI size, the scheduling flexibility of Option 2 and Option 3 is much poorer than that of Option 1.
· The DCI format size for Option 2 and Option3 may be larger than that of Option 1.

· If DTX issue occurs, all PDSCH TBs should be retransmitted for Option 3 while only partial PDSCH TBs need to be retransmitted for Option 1 and Option 2.
· Option 3 may have more schedulable PDSCH resources. The schedulable PDSCH resources for Option 2 cannot be improved if existing scheduling timing is reused.
Proposal 2: One DCI scheduling one PDSCH TB is supported for HARQ-ACK bundling. 
3.2 HARQ-ACK bundling pattern 
Bases on the assumption that one DCI schedules one PDSCH TB, there are three different alternatives to determine the HARQ-ACK pattern.
· Alt 1: The HARQ-ACK pattern is dynamically 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]. HARQ-ACKs in the same UL subframes will be bundled together. The UE doesn’t know the right number of a bundle and cannot judge if DTX occurs.  Additional information should be introduced to resolve the DTX issue. Total DAI can be introduced to judge DTX issue in a HARQ-ACK bundle. The UE will not transmit HARQ-ACK of a bundle if DTX occurs.
Observation 2: For Alt 1 of HARQ-ACK bundling pattern, besides scheduling delay, additional information is required to resolve DTX issue.
· Alt 2: HARQ-ACK bundling pattern is predefined.

· Alt 2.1: One predefined HARQ-ACK bundling pattern for a given number of PDSCH TBs.
· Alt 2.2: A group of HARQ-ACK bundling patterns is predefined. Each HARQ-ACK bundling pattern is indicated by a unique pattern index.

For Alt 2.1, one HARQ-ACK bundling pattern is predefined for each given number of PDSCH TBs. An example of HARQ-ACK bundling pattern for a given number of PDSCH TBs is shown in Table 1. Based on the assumption that possibility of loss of 4 continuous PDSCH TBs is very low, ‘Total DAI’ can be used to indicate the number of scheduled PDSCH TBs. According to number of scheduled PDSCH TBs, the UE can get the information of HARQ-ACK bundling pattern.

Table 1 HARQ-ACK bundling pattern for a given number of PDSCH TBs
	‘Total DAI’ field
	Number of PDSCH TBs
	HARQ-ACK bundling pattern

	00
	1
	(1)

	01
	2
	(0,1,1)

	10
	3
	(1,1,1)

	11
	4
	(2,1,1)

	00
	5
	(2,2,1)

	01
	6
	(2,2,2)

	10
	7
	(3,2,2)

	11
	8
	(3,3,2)

	00
	9
	(3,3,3)

	10
	10
	(4,3,3)


Observation 3: For Alt 2.1 of HARQ-ACK bundling pattern, 2-bit Total DAI can be used to indicate number of scheduled PDSCH TBs up to 10.
For Alt 2.2, HARQ-ACK bundling pattern for a given number of PDSCH TBs is indicated by the pattern index. The signalling overhead in DCI will depend on the number of predefined HARQ-ACK bundling pattern.  If one bundling pattern is predefined for a given number of PDSCH TBs, at least 4 bits are required for maximum 10 PDSCH TBs. If a given number of PDSCH TBs is corresponding to multiple bundling patterns and the overhead of DCI indication keeps unchanged, the denotable number of PDSCH TBs would be less which is not beneficial for data rate improvement. For example, if 7 PDSCH TBs are required for transmission of packet #1, but the predefined bundling patterns only include number of PDSCH TBs of 6 and 8, packet #1 would use bundling pattern predefined for 8 PDSCH TBs which is not effective. 
Observation 4: For Alt 2.2 of HARQ-ACK bundling pattern, if one bundling pattern is required for a given number of PDSCH TBs, at least 4 bits are needed to indicate bundling pattern for maximum number of PDSCH TBs of 10.

For Alt 2.1, the UE will judge DTX issue by comparing the value of “Total DAI” and the received number of PDSCH TBs. All PDSCH TBs may need to be retransmitted if DTX occurs. For Alt 2.2, the UE will judge DTX issue by a given number of PDSCH TBs which is indicated by the pattern index and the received number of PDSCH TBs. All PDSCH TBs may need to be retransmitted if DTX occurs. 
To reduce the retransmission impact on data rate, HARQ bundle index/Count DAI can be added to determine the specific location of the HARQ bundle/PDSCH for Alt 2. By additional indication of Count DAI/ HARQ bundle index, only PDSCH TBs in the bundle with DTX issue need to be retransmitted. Furthermore, discontinuous PDSCH transmission can be supported if HARQ bundle index/Count DAI is introduced. The overhead of HARQ bundle index and Count DAI are the same. Considering that Count DAI can tell the specific PDSCH location of DTX, Count DAI is more beneficial for data rate improvement. In addition, HARQ-ACK bundling for discontinuous PDSCH transmission can be supported by introducing Count DAI as shown in Figure 2.
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Figure 2 Support of HARQ-ACK bundling for discontinuous PDSCH transmission
Observation 5: Total DAI can resolve DTX issue for HARQ-ACK bundling.

Observation 6: Count DAI can improve the retransmission efficiency if DTX occurs for HARQ-ACK bundling.
Observation 7: HARQ-ACK bundling for discontinuous PDSCH transmission can be supported by introducing Count DAI

For Alt 2, if the last PDSCH TB before switching to UL is received in subframe n, the last HARQ-ACK bundle will be transmitted in subframe n+4 as shown in Figure 3. 
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Figure 3 HARQ timing for Alt 2

For one HARQ-ACK bundle, if subframe n+4 is not a valid subframe, it will be postponed to next valid subframe. For 2/3 HARQ-ACK bundles, if subframe n+4, subframe n+3 or subframe n+2 is not a valid subframe, it will be postponed to next valid subframe accordingly as shown in Figure 4.
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Figure 4 Examples of HARQ timing for Alt 2 in invalid subframe cases

Table 2 Overhead comparison for different HARQ-bundling pattern indication Alternatives
	
	Description of signalling
	Overhead (bits)

	Alt 1
	· 3-bit ‘scheduling delay’ to indicate subframe for HARQ-ACK transmission

· 2-bit ‘Total DAI’ to resolve the DTX issue
	5

	Alt 2
	Alt 2.1
	· 2-bit ‘Total DAI’ to indicate the number of scheduled PDSCH TBs

· 2-bit ‘Count DAI’ to resolve the DTX issue and indicate the location of PDSCH
	4 or 2

	
	Alt 2.2
	· 4 bits are needed to indicate bundling pattern for maximum number of PDSCH TBs of 10 based on the assumption that at least one bundling pattern for a given number of PDSCH TBs.

· 2-bit ‘Count DAI’ to resolve the DTX issue and indicate the location of PDSCH or bundling index
	6 or 4


Based on the comparison in Table 2, overhead of Alt 2.1 is lower than other two alternatives. 
Proposal 3: One HARQ-ACK bundling pattern is predefined for a given number of PDSCH TBs.
Proposal 4: Total DAI and Count DAI are introduced to support HARQ-ACK bundling in CE mode A in HD-FDD.

Proposal 5: If the last PDSCH TB before switching to UL is received in subframe n, the last HARQ-ACK bundle will be transmitted in subframe n+4
· HARQ-ACK bundle will be postponed to next valid subframe if the subframe is not a valid subframe.

4 PUCCH resource for HARQ-ACK bundling in HD-FDD
PUCCH resource for HARQ-ACK bundling in HD-FDD can reuse PUCCH resource determination scheme for FDD/TDD in Rel-13 eMTC. If existing PUCCH resource determination scheme for FDD in Rel-13 eMTC is reused, the resource collision issue can be resolved by ARO. Existing PUCCH resource determination scheme for TDD needs to help judge DTX issue, so PUCCH resource corresponding to each PDSCH within a bundle should be allocated. For HARQ-ACK bundling in HD-FDD, considering that there is no need to implicitly judge DTX by the PUCCH resource where bundled HARQ-ACK locates, directly reusing existing PUCCH resource determination scheme for TDD may have resource waste issue.
Proposal 6: PUCCH resource for HARQ-ACK bundling in HD-FDD can reuse existing PUCCH resource determination scheme for FDD in Rel-13 eMTC.

5 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: For the discussed three PDSCH scheduling Options, it is observed that:

· To keep the same DCI size, the scheduling flexibility of Option 2 and Option 3 is much poorer than that of Option 1.
· The DCI format size for Option 2 and Option3 may be larger than that of Option 1.
· If DTX issue occurs, all PDSCH TBs should be retransmitted for Option 3 while only partial PDSCH TBs need to be retransmitted for Option 1 and Option 2.

· Option 3 may have more schedulable PDSCH resources. The schedulable PDSCH resources for Option 2 cannot be improved if existing scheduling timing is reused.

Observation 2: For Alt 1 of HARQ-ACK bundling pattern, besides scheduling delay, additional information is required to resolve DTX issue.
Observation 3: For Alt 2.1 of HARQ-ACK bundling pattern, 2-bit Total DAI can be used to indicate number of scheduled PDSCH TBs up to 10.
Observation 4: For Alt 2.2 of HARQ-ACK bundling pattern, if one bundling pattern is required for a given number of PDSCH TBs, at least 4 bits are needed to indicate bundling pattern for maximum number of PDSCH TBs of 10.
Observation 5: Total DAI can resolve DTX issue for HARQ-ACK bundling.

Observation 6: Count DAI can improve the retransmission efficiency if DTX occurs for HARQ-ACK bundling.

Observation 7: HARQ-ACK bundling for discontinuous PDSCH transmission can be supported by introducing Count DAI

Proposal 1: HARQ-ACK bundling is not supported in CE Mode A in FD-FDD.

Proposal 2: One DCI scheduling one PDSCH TB is supported for HARQ-ACK bundling.
Proposal 3: One HARQ-ACK bundling pattern is predefined for a given number of PDSCH TBs.

Proposal 4: Total DAI and Count DAI are introduced to support HARQ-ACK bundling in CE mode A in HD-FDD.

Proposal 5: If the last PDSCH TB before switching to UL is received in subframe n, the last HARQ-ACK bundle will be transmitted in subframe n+4
· HARQ-ACK bundle will be postponed to next valid subframe if the subframe is not a valid subframe.
Proposal 6: PUCCH resource for HARQ-ACK bundling in HD-FDD can reuse existing PUCCH resource determination scheme for FDD in Rel-13 eMTC.
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