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1. Introduction 
A new WI to even further enhance MTC (efe-MTC) is agreed in [1].  One of the objectives is to improve power consumption specifically:
· Power consumption reduction for physical channels [RAN1 lead, RAN2, RAN4]
· Study and, if found beneficial for idle mode paging and/or connected mode DRX, specify physical signal/channel that can be efficiently decoded or detected prior to decoding the physical downlink control/data channel.

· Study and, if found beneficial for connected mode, specify physical signal/channel/DCI for HARQ-ACK feedback in DL for data transmission in UL.
This contribution will focus on power consumption saving for uplink data transmission, PUSCH.
2. Discussion
Repetition is the main mechanism to extend the coverage up to 15 dB in MTC.  In CE Mode B, the repetition of PUSCH can go up to 2048 and such long repetitions consume a lot of energy.  Hence there is motivation to reduce the number of repetitions transmitted in case the signal has been successfully received by the receiver.  In [2] it is proposed that the PUSCH repetition can be early terminated by means of transmitting a downlink early termination signal to the UE.  This method would require that the UE monitors the downlink for early termination whilst transmitting PUSCH in the uplink, which is only possible for FD-FDD UE and hence this solution does not work for HD-FDD.
Observation 1: Transmission of early termination of PUSCH repetition requires the UE to consistently monitor in the downlink for this indication and is not practical for HD-FDD.

An alternative to early termination is to target the repetition at a higher BLER, e.g. 30% BLER instead of 10% BLER.  This would reduce the number of repetitions where the majority of the time (e.g. 70%) the PUSCH will reach the eNB using a lower number of repetitions.  For PUSCH that fails to reach the eNB, the PUSCH can be retransmitted following an NACK feedback from the eNB.  However, this method would lead to high overhead since the eNB needs to transmit a DCI to the UE for each retransmission and it is expected that an early termination signal would have far less overhead (e.g. PHICH) compared to that of the DCI.
Observation 2: An early termination indicator can use less overhead compared to using existing DCI for retransmission.
For HD-FDD, it is not practical for the UE to switch to the downlink and monitor the search space for a possible early termination of PUSCH repetitions.  However, in CE Mode B, uplink compensation gaps (UCG) are provided for the UE at every 256 ms, where the UE switches from uplink transmission to the downlink for 40 ms in order to maintain frequency synchronisation with the eNB [3].  Since the UE needs to switch to the downlink during UCG, the UCG is a practical time to provide an early termination indicator.  This is shown in Figure 1, where during an UCG, an early termination indicator can be sent to the UE at the end of the UCG, assuming that the UE would need to obtain frequency synchronisation prior to reading the UCG.  
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Figure 1: Early termination indicator in UCG

Proposal 1: For HD-FDD UE, early termination indicator for PUSCH repetition is provided during the UE’s uplink compensation gaps.

Since the UCG is for UE to maintain frequency synchronisation with the eNB such that the FTO is at a tolerable level, the UE may require the full length of the UCG.  If this is the case, then it may be beneficial to provide additional synchronisation signals, e.g. a known sequence, to the UE during the UCG but prior to the early termination indicator as shown in Figure 2, so that UE can obtain frequency synchronisation faster, in time to receive and decode the early termination indicator.  
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Figure 2: Synchronisation sequence prior to early termination indicator
Proposal 2: Consider providing additional an synchronisation signal (e.g. sequence) to the HD-FDD UE during UCG and prior to the transmission of early termination indicator.
It is possible for error cases to occur where a “terminate” indicator is misinterpreted as “continue” and vice-versa. For the case where a “terminate” is misinterpreted as “continue”, the UE would continue to transmit PUSCH and the eNB detecting further PUSCH transmission can send another “terminate” command to the UE at the next opportunity (e.g. in the next UCG).  In the worst case, the UE transmits all the repetitions as scheduled in the uplink grant.

Observation 3: If the eNB indicates a “terminate” but the UE misinterpreted it as “continue”, the UE would continue to transmit the PUSCH.  This error can be corrected by transmitting another “terminate” indicator to the UE in the next opportunity (e.g. UCG).

If the eNB indicates “continue” but the UE misinterpreted it as “terminate”, the UE would stop the PUSCH repetitions and for HD-FDD, it will switch to the downlink.  This can be corrected by transmitting a “continue” to the UE, e.g. via the MPDCCH.  The UE can then continue transmitting the remaining PUSCH repetitions.  Alternatively, the eNB can schedule a retransmission with a reduced number of PUSCH repetitions.
Observation 4: If the eNB indicates a “continue” but the UE misinterpreted it as “terminate”, the UE would stop transmitting PUSCH.  This error can be corrected by sending a “continue” indicator to the UE (e.g. via MPDCCH) or schedule a retransmission and the UE can continue transmitting the remaining PUSCH repetitions.
3.   Conclusion

In this contribution we discuss some aspect of using early termination of PUSCH repetition for HD-FDD UE.  We observe the following:
Observation 1: Transmission of early termination of PUSCH repetition requires the UE to consistently monitor in the downlink for this indication and is not practical for HD-FDD.
Observation 2: An early termination indicator can use less overhead compared to using existing DCI for retransmission.
Observation 3: If the eNB indicates a “terminate” but the UE misinterpreted it as “continue”, the UE would continue to transmit the PUSCH.  This error can be corrected by transmitting another “terminate” indicator to the UE in the next opportunity (e.g. UCG).

Observation 4: If the eNB indicates a “continue” but the UE misinterpreted it as “terminate”, the UE would stop transmitting PUSCH.  This error can be corrected by sending a “continue” indicator to the UE (e.g. via MPDCCH) or schedule a retransmission and the UE can continue transmitting the remaining PUSCH repetitions.
We therefore propose the following:

Proposal 1: For HD-FDD UE, early termination indicator for PUSCH repetition is provided during the UE’s uplink compensation gaps.

Proposal 2: Consider providing additional an synchronisation signal (e.g. sequence) to the HD-FDD UE during UCG and prior to the transmission of early termination indicator.
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