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1. Introduction
In RAN#72 a new work item (WI) named further enhancements for MTC  [1] was introduced. The objectives of the WI include the support of positioning, multicast, mobility enhancements and higher data rates. HARQ-ACK bundling is one of the approaches being considered to achieve higher data rates.

The following has been agreed for HARQ-ACK bundling.
· HARQ-ACK bundling is supported in CE Mode A in HD-FDD.
· HARQ-ACK bundling is not supported in CE Mode B.
· 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.
· When HARQ-ACK bundling is RRC configured, non-bundled transmission is still possible, where the repetition numbers of the different channels are used in the same way as in Rel-13 eMTC. 
· At least in non-repetition case, 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 document we provide our views on the support of HARQ-ACK bundling in eMTC UEs.

2. Mechanisms to enable HARQ-ACK bundling in HD-FDD
With Rel-13 eMTC, the peak data rate of HD-FDD UE is largely limited by the timeline relationships and HD guard subframe. The maximum data rate is 300kbps, as 1 radio frame can contain 3 PDSCH subframes, 3 PUCCH subframes, 2 HD guard subframes and two non-PDSCH subframes due to cross-subframe scheduling. The data rate can be readily increased to 500kbps if the HARQ-ACK for the PDSCH can be multiplexed in a single subframe (instead of 3).
The ACK bundling design should be robust to MPDCCH erasures. Specifically, it should ensure that when an ACK/NACK corresponds to a group of bundled PDSCHs is sent, it should only be an ACK if all the PDSCH in the bundle are decoded successfully. Even if one of the MPDCCH corresponding to these bundled PDSCH is an erasure (not detected) a NACK should be sent.
Proposal 1: UE should send ACK only when all PDSCH corresponding to a bundle are decoded. MPDCCH erasure within a bundle should lead to a NACK.
The ACK bundling design should give eNB sufficient scheduling flexibility. For example it should not enforce PDSCH transmission on every subframe. 
Although the main use cases for ACK bundling involve cases without repetition, the design should be scalable to cases with small repetitions in case such support is needed in future. Note that there is already an agreement to not support ACK bundling in cases with MPDCCH/PDSCH repetitions. Some increases in DCI size should be acceptable for these cases as this mainly targets high SNR cases. 
With the above design guidelines in mind, we propose to add the following fields to the DCI to enable ACK bundling
· Number of PDSCH in the bundle (N) {1,2,3,4} 
· ACK delay indicator (D)
· Option 1: 3 bits {4,5,6,7,8,9,10,11}
· Option 2 : 2 bits {4,6,8,10} which specifies the minimum delay 
With option 1 UE will transmit ACK corresponding to PDSCH ending on subframe X at subframe X+D. However, it will transmit ACK on subframe X+D only if corresponding to this subframe it detected all N MPDCCHs in the bundle and decoded corresponding PDSCH. It will transmit NACK otherwise if it detects even one corresponding MPDCCH. It will of course not transmit ACK or NACK if all MPDCCHs aren’t detected.
With option2 UE will try hypothesis of X+D,X+D+1 for the ACK subframe for PDSCH ending at subframe X and count the number of MPDCCH/PDSCH it finds corresponding to these two subframe. It will pick the smaller of the two subframes that also matches the number of PDSCH in bundle criteria. This option saves a bit compared to previous option but imposes certain scheduling restrictions on the eNB. In case the number of detected MPDCCHs don’t match (i.e., is not N) it may transmit NACK on these subframes if it is able to reliably determine the UL ACK subframe. It may puncture the ACK/NACK otherwise.
Proposal 2: The following fields are added to the DCI to enable ACK bundling. 
· Number of PDSCH in the bundle : N ∈ {1,2,3,4}
· ACK delay indicator  : D (either 2 bit or 3 bit)
· Option 1: 3 bits {4,5,6,7,8,9,10,11}
· Option 2 : 2 bits {4,6,8,10} which specifies the minimum delay 
Proposal 3: UE sends an ACK on a subframe only if it detects and decodes exactly K MPDCCH/PDSCHs corresponding to that subframe, where all K MPDCCH have the parameter number of PDSCH in bundle N = K. 
The above design does add 4/5 bits to the DCI. However, it is simple, scalable, works with repetitions of MPDCCH, PDSCH, PUCCH etc., is robust to MPDCCH erasures, and is very flexible. These benefits easily outweigh the marginal increase in the DCI size. 
One drawback of the above approach is that the number of PDSCH in the bundle needs to be determined during the first PDSCH transmission itself. If a relaxation is required, we could add a bit that indicates whether the MPDCCH corresponds to the last PDSCH in the bundle and set the number of PDSCH in the bundle to the bundle size only in the last PDSCH in the bundle. The delay, bundle size, is last PDSCH in bundle bit, and the MPDCCH/PDSCH repetition factors can be jointly coded to reduce the impact on the DCI size.

3. Simultaneous reception of multiple UL grant
Similar to the ACK bundling, data rate increase in DL and/or UL can be obtained by allowing grants for multiple PUSCH transmissions to be in the same MPDCCH search space. For half duplex UEs, any subframe used for sending the UL grants in MPDCCH reduces the number of available UL subframes.  Additionally, since DL uses cross-subframe scheduling, any subframe being used for MPDCCH for sending UL grants also reduces available resources for sending PDSCH and for sending grants for PDSCH, which may be a limiting factor in low SNR due to the need to use larger aggregation levels. By allowing multiple UL grants to be received simultaneously the eNB can use the extra scheduling flexibility to increase the throughputs in the DL or UL or both. 
eMTC operation already allows multiple UL grants to be received in the same MPDCCH search space. However, since the UL timeline is fixed to start at N+4 (for FDD) where N is the last MPDCCH subframe on which the grant was received, it puts significant constraints on the PUSCH transmission and scheduling of corresponding MPDCCH. For example, we cannot send multiple UL grants on the same DL subframe. To mitigate this, we propose to increase the flexibility provided in the specification for sending multiple UL grants in one MPDCCH search space. As before, the multiple UL grants can be sent using separate MPDCCH, one for each grant without increasing the number of blind decoding at the UE. However, new fields, such as the UL assignment index used in TDD, can be added to the DCI payload to offset the multiple PUSCH transmissions on different set of subframes. Alternately, a common MPDCCH that gives multiple UL grants can also be considered.
Proposal 4: Increase flexibility in reception of multiple UL grants in one MPDCCH search space

4. Summary
Proposal 1: UE should send ACK only when all PDSCH corresponding to a bundle are decoded. MPDCCH erasure within a bundle should lead to a NACK.
Proposal 2: The following fields are added to the DCI to enable ACK bundling. 
· Number of PDSCH in the bundle : N ∈ {1,2,3,4}
· ACK delay indicator  : D (either 2 bit or 3 bit)
· Option 1: 3 bits {4,5,6,7,8,9,10,11}
· Option 2 : 2 bits {4,6,8,10} which specifies the minimum delay 
Proposal 3: UE sends an ACK on a subframe only if it detects and decodes exactly K MPDCCH/PDSCHs corresponding to that subframe, where all K MPDCCH have the parameter number of PDSCH in bundle N = K. 
Proposal 4: Increase flexibility in reception of multiple UL grants in one MPDCCH search space
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