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Introduction
Based on the agreed WI at RAN#72 meeting about “New WI proposal on Further Enhanced MTC” [1], RAN1 is tasked to specify techniques for supporting high data rate transmission for further enhanced machine type communications (FeMTC). Some of the techniques for supporting high data rate transmissions are captured in WI description as follows:
· Higher data rates [RAN1, RAN2, RAN4]
· 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 some relevant techniques for supporting high data rate transmission for FeMTC in Rel-14 and provide some proposals at the end. 

Techniques for supporting high data rate transmission for FeMTC
 HARQ-ACK bundling for CE mode A in HD-FDD
In LTE, for half-duplex (HD) FDD UEs, the transmission and reception are separated in both frequency and time. However, the eNB supports full duplex FDD (FD-FDD) and UE monitors the DL control channel in order to determine whether to receive in the downlink direction or transmit in the uplink for the future subframes. This means that when UE receives unicast data in the downlink direction, the UE has to also switch to uplink in order to transmit Ack/Nack feedback. This leads to very frequent switching between the DL and UL directions of the relevant subframes. 
In the legacy non-MTC UEs, one pragmatic solution has been to schedule a large data (TB) in one subframe to the UEs (i.e. more PRBs) in order to minimise the very frequent switching. However, for eMTC UEs, the number of PRBs are limited to 6RBs (BW is limited), so, it is not possible to increase the data size in one scheduling instance. Therefore, the very frequent switching from downlink-to-uplink subframes cannot be avoided in the current Rel-13 specification, hence, FeMTC should provide some solutions.
One solution is to schedule more downlink subframes for CE Mode A for the case of no repetitions in time domain and then send a single acknowledgement feedback in one uplink subframe. This will reduce the very frequent switching from downlink-to-uplink subframes and also improve the data rate for bandwidth limited HD-FDD UEs.
[image: ]
                       Figure 1. HARQ Bundling
In case of HARQ bundling approach, a single acknowledgement feedback is derived by performing a logical “AND” operation for ACK/NACKs arising from multiple downlink subframes. A UE transmits ACK if all succeed, else NACK if one or more fail. This is shown on Figure 1 above.
In another approach, one large transport block (TB) is transmitted on multiple subframes as there is an additional channel coding gain for larger TB size. As a result, UE transmits one Ack/Nack feedback corresponding to the TB. This option avoids a very frequent switching from downlink-to-uplink subframes, and also improves the downlink data rate transmission compared to HARQ bundling approach. This is shown on Figure 2 below.

[image: ]
                       Figure 2. Transmitting large TB size on multiple subframes

Proposal1: RAN1 should discuss the benefits (i.e. pros and cons) of different approaches for supporting HARQ bundling.

Larger maximum PDSCH/PUSCH channel bandwidth in in CE mode A
In order to support more demanding applications (e.g. voice, audio and video streaming) for the MTC feature, the bandwidth of the data transmission need to be increased, for example larger maximum PDSCH/PUSCH channel bandwidth can be supported for connected mode UEs at least in CE mode A. This is applicable to TDD, HD-FDD and FD-FDD. 
There are two possible solutions how to increase the maximum PDSCH/PUSCH channel bandwidth:
Option 1: By reusing the existing system bandwidths of 1.4, 3, 5MHz – this option may be compatible with the legacy system bandwidth by reusing the central part of 1.4, 3 or 5MHz, but, it is difficult to reuse the definition of narrowbands from Rel-13 in which the number of narrowbands depends on eNB’s system bandwidth. In addition, multiplexing of Rel-13 eMTC and Rel-14 FeMTC in the same narrowband will be difficult or not possible.
Option 2: Aggregating multiple narrowbands of 6RBs each (1.4NHz) – this option reuses the definition of narrowbands (NB) from Rel-13 in which the number of narrowbands depends on eNB’s system bandwidth. A UE can be configured to more transmission bandwidth and or reception bandwidth whenever it needs a high data rate, for example 2, 4 or 6 consecutive NBs can be aggregated to meet the demands for high data rate transmission. In this case, UE’s RF and baseband bandwidth may be changed semi-statically or dynamically. However, the maximum bandwidth that FeMTC UE supports must be fixed in the specification or defined as a UE capability signaling.
Proposal2: RAN1 should discuss the benefits of different options for supporting larger maximum PDSCH/PUSCH channel bandwidth for connected mode UEs in CE mode A.


Up to 10 DL HARQ processes for CE mode A in FD-FDD
The main point of increasing the number of HARQ processes for FD-FDD is to increase UE’s peak data rate. However, as there are other proposed techniques such as increasing the PDSCH/PUSCH channel bandwidth which can meet the required data rate, it is not clear what additional benefits for increasing the number of HARQ processes will provide for FD-FDD UEs. At least in the current specification, FDD supports 8 processes and 3 bits are used to signal these HARQ processes in the DCI format. If number of number of HARQ processes is increased up to 10, then the number of bits in the DCI format has to be also increased to 4 bits. 
Proposal3: RAN1 should discuss the benefits of supporting up to 10 DL HARQ processes in conjunction with other proposed techniques for supporting high date rate transmission for FeMTC.

 Larger Maximum TB Size
Another way of increasing target peak data rate for unicast traffic in FeMTC is to increase the maximum TB size. It is expected that this can be supported in the current specifications with a little effort. This feature is applicable to TDD, HD-FDD and FD-FDD.

One or Two Symbols for Retuning
Rel-13 eMTC UEs support narrowband operation of 6 RBs in both RF and baseband with possible retuning to another narrowband region (within the cell system bandwidth) for communications.
In LS from RAN4 (R1-155051), it said that the maximum retuning time between narrowband regions for MTC is two OFDM symbols including CP length (assuming normal CP). It is also noted that some UEs may be able to perform retuning within a single symbol (including normal CP).
The main issue is that there is no way eNB can know whether UE can perform retuning within a single OFDM/SC-FDMA symbol, and in this case, eNB will always assume maximum retuning time of two OFDM symbols. However, using always two symbols for retuning is not efficient and wastes valuable resources for UEs who are able to perform retuning within a single symbol.
Furthermore, in LS to RAN4 (R1-166042 from RAN1 relating to HD-FDD), RAN1 agreed a UE capability signaling of “UL Transmission Gaps for long uplink transmissions” where during the gap period the UE may switch to downlink reception to monitor DL RS and synchronization signals (PSS/SSS) in order to estimate and correct the timing synchronization and frequency offset. The UEs which do not need UL Transmission Gaps for long uplink transmissions are those with advanced hardware (such as expensive XTAL oscillators and PLL circuit).
[bookmark: _GoBack]Therefore, in our understanding these two above issues can be tied together, and the same signalling already agreed for UL Transmission Gaps can be reused to indicate to both “UL Transmission Gaps” and “retuning within a single SC-FDMA symbol”.
As a summary, in order to enable more data rate transmission, FeMTC UE can inform eNB whether they can retune one or two symbols for narrowband switching.

Proposal4: RAN1 should discuss the possibility of some UEs to perform retuning within a single symbol (including normal CP) in order to enable more high date rate transmission for FeMTC.



Conclusion
In this contribution, we discussed some techniques to enable for supporting high data rate for FeMTC UEs in Rel-14. We have the following proposals:
Proposal1: RAN1 should discuss the benefits (i.e. pros and cons) of different approaches for supporting HARQ bundling.
Proposal2: RAN1 should discuss the benefits of different options for supporting larger maximum PDSCH/PUSCH channel bandwidth for connected mode UEs in CE mode A.
Proposal3: RAN1 should discuss the benefits of supporting up to 10 DL HARQ processes in conjunction with other proposed techniques for supporting high date rate transmission for FeMTC.
Proposal4: RAN1 should discuss the possibility of some UEs to perform retuning within a single symbol (including normal CP) in order to enable more high date rate transmission for FeMTC.
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