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1 Introduction
LTE Rel-13 introduced improved support for machine-type communications (MTC) in the form of bandwidth-reduced low-complexity (BL) UEs and coverage enhanced (CE) UEs.

RAN#72 approved a new Rel-14 WI on Further Enhanced MTC [1] where one of the objectives is to specify the following improvements for higher data rate support for machine-type communications for BL/CE UEs:

· Specify HARQ-ACK bundling in CE mode A in HD-FDD

· Larger maximum TBS

· Larger max. PDSCH/PUSCH channel bandwidth in connected mode at least in CE mode A in order to enhance support e.g. voice and audio streaming or other applications and scenarios

· Up to 10 DL HARQ processes in CE mode A in FD-FDD

In this contribution we discuss the expected scope of physical layer changes for higher data rate support.
2 Max PDSCH/PUSCH channel bandwidth
Rel-13 introduced UE category M1 (Cat-M1) which has a maximum DL/UL channel bandwidth of 6 PRBs, as opposed to earlier LTE UE categories which have a maximum channel bandwidth spanning the entire LTE system bandwidth. A lot of work went into specifying higher- and lower-layer control signalling supporting this reduced maximum channel bandwidth. All UEs supporting the Rel-13 coverage enhancement (CE) modes also rely on that control signalling. It is highly beneficial from implementation and testing points of view to re-use existing control signalling and procedures as much as possible when specifying higher data rate support. It will also greatly increase the chances of a successful and timely conclusion of the WI.
Observation 1 It is beneficial to re-use the control signalling introduced in Rel-13 for BL/CE UEs as much as possible for the Rel-14 higher data rate UEs.

Rel-13 introduced the concept of 6-PRB narrowbands for resource allocation for BL/CE UEs. For simplicity, e.g. from scheduling point of view, it seems reasonable that the new larger maximum PDSCH/PUSCH channel bandwidth is also a multiple of 6 PRBs unless there are convincing technical reasons to do otherwise.
Proposal 1 Introduce a new UE category with a maximum PDSCH channel bandwidth of N*6 PRBs and a maximum PUSCH channel bandwidth of M*6 PRBs.
The existing LTE system bandwidths of 3 and 5 MHz correspond to maximum channel bandwidths of 15 and 25 PRBs, respectively. Assuming it is desired to re-use these existing bandwidths, the above proposal suggests that the new maximum PDSCH/PUSCH channel bandwidths to consider are 2*6=12, 3*6=18 and 4*6=24 PRBs.

Proposal 2 RAN1#86 agrees on a maximum PDSCH channel bandwidth of 12, 18 or 24 PRBs and informs RAN2 and RAN4 about the agreed bandwidth.
Proposal 3 RAN1#86 agrees on a maximum PUSCH channel bandwidth of 12, 18 or 24 PRBs and informs RAN2 and RAN4 about the agreed bandwidth.

We are open to all alternatives mentioned above. The maximum channel bandwidths can even be different for PDSCH and PUSCH, although we suspect that it may simplify things if they are the same at least in TDD. From network point of view the larger PDSCH/PUSCH channel bandwidth (24 PRBs) may be most beneficial but clearly the UE device cost and UE power consumption aspects should also be taken into account. From WI progress point of view it is important that the decision is made relatively early during the WI, preferably already during the RAN1#86 meeting.
3 Max TBS for DL/UL unicast
Cat-M1 has a max transport block size (TBS) of 1000 bits for DL/UL unicast transmissions as well as for DL broadcast transmissions for system information, etc.
UEs supporting the new larger PDSCH/PUSCH channel bandwidth should also support a larger max TBS for unicast DL/UL transmission. For DL broadcast transmission it is expected that both the max channel bandwidth and max TBS remain the same as for Rel-13 BL/CE UEs (possibly with the exception of DL broadcast transmissions associated with the multicast functionality which is also part of this Rel-14 WI).
If the max channel bandwidth increases with a factor X, one possibility is to scale up the max TBS with the same factor X. However, the TBS tables defined in TS 36.213 [3] sections 7.1.7 and 8.6 allow even larger TBS without increasing the modulation beyond 16QAM. One possibility is to pick the max TBS values currently defined in TS 36.213 for 16QAM, which means 3624 bits for 12 PRBs, 5544 bits for 18 PRBs and 7224 bits for 24 PRBs, respectively. It is even possible to support even larger TBS with some modification of the TBS determination (e.g. by using a different column from the TBS table than the one currently specified for a given number of PRBs). We are open to consider lower values if this is motivated from UE device cost or UE power consumption points of view.
Observation 2 Consider the UE device cost and UE power consumption aspects when deciding on the max TBS value(s) for DL/UL unicast for UEs supporting the new larger PDSCH/PUSCH channel bandwidth(s).
UEs that only support the 6-PRB max channel bandwidth of Cat-M1 could support a larger max TBS than 1000 bits if desired. It has already been indicated that there is an interest in a UE category similar to Cat-M1 but with a larger max UL TBS at least for TDD [2]. If the gap between Cat-M1 and a new Rel-14 UE category with larger max channel bandwidth is considered too large, it may be motivated to introduce an intermediate UE category with a max channel bandwidth of 6 PRBs and a max TBS of more than 1000 bits.
Proposal 4 Discuss the need for supporting a larger (UL) TBS in (TDD) UEs with a max channel bandwidth of 6 PRBs.

4 Number of DL HARQ processes in FD-FDD
Rel-13 BL/CE UEs supports up to 8 DL HARQ processes in half-duplex FDD (HD-FDD) and full-duplex FDD (FD-FDD). However, the cross-subframe DL scheduling for BL/CE UEs (specified in TS 36.213 [3] section 7.1.11) means that a DL data transmission is not transmitted in the same subframe as its associated DL resource assignment but 2 subframes later and this results in a minimum DL HARQ round-trip time (RTT) of 8+2=10 ms. 
For FD-FDD UEs in good DL coverage conditions, when MPDCCH/PDSCH transmissions are scheduled without subframe repetition, this means that we run out of DL HARQ processes quickly. We would need 10 DL HARQ processes but we only have 8 DL HARQ processes. In order to support continuous DL data transmission to BL/CE UEs in FD-FDD, the number of DL HARQ processes would need to be increased from 8 to 10.
It is relatively straightforward to increase the maximum number of DL HARQ processes in FDD. The HARQ process index range in the DCI format for DL assignment in CE mode A (DCI format 6-1A) needs to be increased. In addition, the specified minimum UE soft buffer size should be increased by 2/8 = 25%.
Proposal 5 Discuss whether to introduce support for 10 DL HARQ processes only for UEs supporting the new larger PDSCH/PUSCH channel bandwidth(s) or also for Cat-M1.

Proposal 6 Discuss whether to introduce support for 10 DL HARQ processes only for FD-FDD or also for HD-FDD (e.g. in order to achieve simplicity/commonality in the design).

5 HARQ-ACK bundling in HD-FDD
A half-duplex FDD (HD-FDD) UE is not required to transmit and receive at the same time. In a scenario where eNB schedules DL data transmissions to a HD-FDD UE, the throughput is limited because each UL subframe can only carry HARQ-ACK feedback for a single DL HARQ (re)transmission.
A HARQ-ACK bundling scheme similar to the one specified for TDD helps improve the throughput in HD-FDD. However, it is not entirely obvious how a solution for HD-FDD would look since HD-FDD (unlike TDD) does not have a fixed DL/UL subframe pattern.
Proposal 7 Discuss the feasibility of a simple and robust HARQ-ACK bundling scheme for HD-FDD.

Proposal 8 Discuss whether to introduce support for HARQ-ACK bundling only for UEs supporting the new larger PDSCH/PUSCH channel bandwidth(s) or also for Cat-M1.

Proposal 9 Discuss whether to introduce support for HARQ-ACK bundling only for HD-FDD or also for FD-FDD (e.g. in order to achieve simplicity/commonality in the design).
6 Conclusion

We make the following observations:
Observation 1
It is beneficial to re-use the control signalling introduced in Rel-13 for BL/CE UEs as much as possible for the Rel-14 higher data rate UEs.
Observation 2
Consider the UE device cost and UE power consumption aspects when deciding on the max TBS value(s) for DL/UL unicast for UEs supporting the new larger PDSCH/PUSCH channel bandwidth(s).


We have the following proposals:
Proposal 1
Introduce a new UE category with a maximum PDSCH channel bandwidth of N*6 PRBs and a maximum PUSCH channel bandwidth of M*6 PRBs.
Proposal 2
RAN1#86 agrees on a maximum PDSCH channel bandwidth of 12, 18 or 24 PRBs and informs RAN2 and RAN4 about the agreed bandwidth.
Proposal 3
RAN1#86 agrees on a maximum PUSCH channel bandwidth of 12, 18 or 24 PRBs and informs RAN2 and RAN4 about the agreed bandwidth.
Proposal 4
Discuss the need for supporting a larger (UL) TBS in (TDD) UEs with a max channel bandwidth of 6 PRBs.
Proposal 5
Discuss whether to introduce support for 10 DL HARQ processes only for UEs supporting the new larger PDSCH/PUSCH channel bandwidth(s) or also for Cat-M1.
Proposal 6
Discuss whether to introduce support for 10 DL HARQ processes only for FD-FDD or also for HD-FDD (e.g. in order to achieve simplicity/commonality in the design).
Proposal 7
Discuss the feasibility of a simple and robust HARQ-ACK bundling scheme for HD-FDD.
Proposal 8
Discuss whether to introduce support for HARQ-ACK bundling only for UEs supporting the new larger PDSCH/PUSCH channel bandwidth(s) or also for Cat-M1.
Proposal 9
Discuss whether to introduce support for HARQ-ACK bundling only for HD-FDD or also for FD-FDD (e.g. in order to achieve simplicity/commonality in the design).
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