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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.

In this document we provide our views on the support of HARQ-ACK bundling in HD-FDD 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).
As HARQ-ACK bundling is used to achieve higher data rates, its gains are expected to be higher when a UE is in good coverage (or, at least, does not need repetitions to operate). Due to this reason, we propose to use HARQ-ACK bundling only in the case of no PUCCH repetition. For other cases, the gains are expected to be smaller, and complications may arise.
Proposal 1: HARQ-ACK bundling is only supported for the case of no PUCCH repetition.
The main design aspect of HARQ-ACK bundling resides on how to signal the subframes in which to transmit PUCCH. In the following, we discuss different options to enable this operation
2.1. Dynamic vs semi-static operation
The introduction of HARQ-ACK bundling has to be signalled to the UEs, and has to be compatible with operation of Rel-13 UEs that are not aware of this operation. There are three main options to enable this operation: dynamic, static or semi-statically
1. Dynamic: Under this operation, the UE receives an indication on whether to perform bundling or not in the downlink grant (e.g. DCI 6-1A). The main advantage of this operation is its flexibility – it allows to enable or disable bundling in a per transmission basis, but has the problem of increased overhead and specification complications (due to e.g. receiving back to back grants with one of them having bundling enabled and the next one disabled).
2. Semi-static: With semi-static configuration, the UE would receive (by RRC or SI) the necessary parameters that specify the bundling operation. 
3. Static: With static configuration, there is no flexibility in the network side to enable/disable or change the configuration of HARQ-ACK bundling. One example of static configuration is that all Rel-14 UE always use HARQ-ACK bundling once connected, for example.
As a tradeoff between flexibility and overhead, a semi-static operation is preferred, as it allows for enabling/disabling or configuring the HARQ-ACK bundling without incurring in the additional overhead of dynamic approaches.
Proposal 2: HARQ-ACK bundling is enabled and configured by semi-static configuration
2.2. HARQ timing determination
Once HARQ-ACK bundling is configured/enabled, the main remaining issue is how to determine the HARQ timing, i.e., for a PDSCH transmission in subframe N, how to determine the subframe in which to transmit the PUCCH. In this section we present two approaches to this definition, one being tied to TDD configurations, and another one being related to valid/invalid subframes.
1. HARQ timing derived from TDD configuration: A simple approach to define HARQ timing is to take one of the TDD configurations and use that to define the HD-FDD HARQ timing. While this approach is simple from specification point of view, it presents some problems:
· Inclusion of HD gaps: In TDD, switching between UL to DL does not require a guard subframe in between, and thus this additional timing needed for HD-FDD is not taken into account.
· Semi-static UL/DL partitioning: In TDD, a given subframe is semi-statically configured (expect in eIMTA) to carry uplink or downlink, but never both. For example, if we follow a TDD configuration, a subframe marked as U cannot carry PDSCH/MPDCCH. This reduces the flexibility of HD-FDD systems, where the direction of a subframe is dynamically determined based on the received grants. Additionally, specifying a semi-static UL/DL partitioning may affect the PUSCH data rate due to using a small number of UL subframes (desirable for increased PUCCH bundling and higher DL rate).
2. HARQ timing derived from valid/invalid subframes: In current eMTC operation, uplink transmissions (PUSCH/PUCCH) are postponed until the next available subframe. A similar approach can be followed for HARQ-ACK bundling, where the UE can receive an indication of the subframes (or subframe) in which to transmit PUCCH. Then, for a PDSCH received in subframe N, the UE transmits PUCCH in the first subframe ≥ N+4. If multiple PUCCH are transmitted in the same subframe, then they are bundled together. This simple operation enables HARQ-ACK bundling without the need to semi-statically define U/D subframes.
We propose to define HARQ-ACK timing based on the second option (valid/invalid subframes, or PUCCH subframe configuration) due to its simplicity. Also, note that increasing the bundling capacity too much may result in degraded performance (e.g. transmitting 1 PUCCH every 40ms). It is desirable to have approximately 1 PUCCH transmission every radio frame.
Proposal 3: HARQ-ACK bundling is achieved by the following:
· Introduce a mask of valid/invalid subframes for PUCCH without repetitions
· HARQ-ACK is transmitted in the next valid PUCCH subframe ≥ N+4
· If multiple HARQ-ACK collide in the same subframe, they are bundled and transmitted in that particular subframe.
3. Simultaneous reception of multiple UL grants
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
3. Summary
Proposal 1: HARQ-ACK bundling is only supported for the case of no PUCCH repetition.
Proposal 2: HARQ-ACK bundling is enabled and configured by semi-static configuration
Proposal 3: HARQ-ACK bundling is achieved by the following:
· Introduce a mask of valid/invalid subframes for PUCCH without repetitions
· HARQ-ACK is transmitted in the next valid PUCCH subframe ≥ N+4
· If multiple HARQ-ACK collide in the same subframe, they are bundled and transmitted in that particular subframe.
Proposal 4: Increase flexibility in reception of multiple UL grants in one MPDCCH search space
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