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In RAN1, the need for the HAQR feedback for the UL transmission in efeMTC has already been discussed. In RAN1 88bis meeting [1], following agreements were made. 
	Agreements:
· For the purpose of evaluations of HARQ-ACK feedback for UE power saving:
· At least the following two options are considered for HARQ-ACK feedback channel:
· Option 1: One HARQ-ACK feedback channel for multiple UE PUSCHs in one transmission
· Option 2: One HARQ-ACK feedback channel for a single UE PUSCH in one transmission
· Detailed design on HARQ-feedback channel FFS among at least the following options:
· PHICH-like channel
· MPDCCH with reduced DCI size(s)
· MPDCCH with existing DCI size(s)
· Early termination of PUSCH transmission and/or MPDCCH monitoring are considered.
· The detailed solutions can be different for HD-FDD and FD-FDD/TDD.


In RAN1 89 meeting [2] following agreements were made.
	Agreement:
· If explicit UL HARQ-ACK feedback is supported, it is based on MPDCCH.


In this contribution, we discuss the benefits and any impacts in RAN2 of UL HARQ ACK feedback and early termination of PUSCH transmission.
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Explicit UL HARQ ACK
In Rel-13 eMTC and Rel-14 feMTC, the HARQ operation for the PUSCH is asynchronous. There is no explicit HARQ feedback for PUSCH transmission. The HARQ-NACK feedback is implied by the retransmission UL grant for the same HARQ process and the HARQ-ACK is implied by the new UL grant for the same HARQ process. When connected mode DRX is configured, the HARQ-ACK for PUSCH can also be implied if UE receives nothing after the UL DRX retransmission timer (drx-ULRetransmissionTimer) for that HARQ process is expired. Currently, if MPDCCH does not indicate any UL grant for new transmission or retransmission for a HARQ process, UE cannot decide that the PUSCH transmission of that HARQ process is lost or reached the destination.
Therefore, an explicit HARQ-ack can be introduced to indicate the end of transmission if eNB has no further UL grant to provide for the HARQ process. Currently, BL UEs or UEs in CE need to wait 1.25 seconds it before it can move to IDLE mode after the reception of RRC connection release message from eNB. However, if lower layer can indicate that the reception of RRC connection release message has been successfully acknowledged, UE can move to IDLE mode immediately. For this purpose, UE can transmit the ACK for the RRC connection release message using PUSCH. If there is no explicit HARQ, UE cannot make sure the ACK has been successfully transmitted in PUSCH, which would mean the lower layer cannot indicate the higher layer of the successful acknowledgement. Therefore, the explicit HARQ-ack feedback for PUSCH is beneficial only when acknowledging the reception of RRC connection release message.
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 However, the consequence of explicit UL HARQ-ack is that it will consume more resource and UE has to receive more MPDCCH. Furthermore UE keeps monitoring PDCCH even after the reception of the UL HARQ-ack, this does not provide gain if the explicit UL HARQ-ack is not for the last PUSCH transmission. 
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Early termination signalling (ETS)
RAN1 has already agreed that UL HARQ-ack feedback, if supported, is transmitted using MPDCCH. It can be used as an early termination signalling (ETS) of the PUSCH transmissions. In addition to the acknowledgement of the reception of the RRC connection release message, it can save UE from transmitting some PUSCH repetitions if the eNB can receive the PUSCH transmission successfully early.
However, note that for FD-FDD, a UE can monitor the PDCCH while transmitting in PUSCH, there will be no latency impact of the ETS in case of HARQ-nack. In case of HD-FDD, UE would need a gap for the checking of ETS, there may be latency impact which will be prevailed by the benefit of the power saving as shown in [3]. An example of achieving the ETS is shown in figure 1.
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Figure 1 PUSCH transmission with ETS based on compact DCI for HD-FDD (in upper figure) and FD-FDD (in lower figure). After the first 512 PUSCH repetitions, ETS monitoring occasions occur between every 128 PUSCH subframes in this example [3].
Table 1 Battery lifetime calculations for the case ETS is disabled and ETS is enabled. Power model P1 (with P_deep_sleep 0.00454) and Simulation parameters are shown in [4].
	Battery lifetime in Months
1.4 MHz HD-FDD, 220 bytes of UL data every 2 Hour 

	 
	ETS disabled
	ETS detected after 90% repetitions
of PUSCH
	ETS detected after 85% repetitions
of PUSCH
	ETS detected after 80% repetitions
of PUSCH
	ETS detected after 70% repetitions
of PUSCH
	ETS detected after 60% repetitions
of PUSCH

	 CE level gain
	
	
	
	
	
	

	5 dB
	146.81
	145.37
	146.31
	148.23
	151.96
	155.09

	10 dB
	72.87
	72.62
	74.26
	75.94
	79.37
	83.43

	15 dB
	28.35
	29.31
	30.34
	31.52
	34.09
	37.10



As shown in table 1, even for the HD-FDD 1.4MHz case, the ETS is very beneficial especially when UE is operating in higher coverage level or the UE requires larger number of repetitions. In this case, eNB may not have accurate information on the exact number of repetitions required for the PUSCH transmission and aggressively configure higher number of repetitions. Also, the ETS can also be used as an UL HARQ feedback as a confirmation for the transmission of acknowledgement of the RRC connection release message in PUSCH. If the eNB determines UL HARQ-nack or a UL grant to provide for the new transmission for a HARQ process, the ETS may also be skipped for the PUSCH of the HARQ process.
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The ETS can be configured using the dedicated RRC signaling. The ETS can also be activated and can be deactivated for a PUSCH transmission using lower layer signaling such as MAC CE command or DCI. For example, the MAC PDU carrying the RRC connection release message can include the DL MAC CE command to activate the ETS. Similarly, DCI in the MPDCCH scheduling the RRC connection release message can activate the ETS. Note that, the ETS may be disabled for a PUSCH transmission in CE mode A.
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Based on the above discussion, we have following observations:
Observation 1 Explicit UL HARQ-ack feedback is beneficial for the acknowledgement of the reception of the RRC connection release message.
Observation 2 Explicit UL HARQ-ack feedback does not provide gain if it is not for the last PUSCH transmission.
Observation 3 Early termination signalling (ETS) is beneficial when a UE requires higher number of repetitions for PUSCH or when ACK for the reception of the RRC connection release message is transmitted in PUSCH.
Based on the observations and discussion, we propose:
Proposal 1.	ETS as a UL HARQ-ack feedback is supported. The details of the design is up to RAN1.
Proposal 2.	Early termination signaling can be activated/deactivated using L1/L2 layer signaling for a PUSCH transmission.
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