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Introduction
The Rel-15 WI on “Even further enhanced MTC for LTE” [1] has the following WI objective for machine-type communications for BL/CE UEs:
· Power consumption reduction for physical channels [RAN1 lead, RAN2, RAN4]
· Study and, if found beneficial for connected mode, specify physical signal/channel/DCI for HARQ-ACK feedback in DL for data transmission in UL.
The agreements from the latest RAN1 and RAN2 meetings are:
Agreement in RAN1#92bis
The working assumption from RAN1#91 is replaced by the following agreement
· One unused DCI state in each CE mode is used for indicating:
· Early termination of any ongoing PUSCH transmission (without early termination of MPDCCH monitoring except for the case of acknowledging RRC Connection Release, for which MPDCCH monitoring is terminated)

Agreements in RAN2#101bis
· If the UE receives the DCI indicating “early termination of any ongoing PUSCH transmission”, it considers this as HARQ acknowledgment for the corresponding UL HARQ-process.
· For the DCI indication above; 
· if the PUSCH transmission is ongoing, the UE shall not start the UL HARQ-RTT timer and/or drx-ULRetransmissionTimer.
· if the PUSCH transmission is completed and drx-ULRetransmissionTimer is running, the UE shall stop the drx-ULRetransmissionTimer.
· If the PUSCH transmission is completed and UL HARQ-RTT timer is running, RAN2 assumes that the UE does not receive the DCI message.
· If the UE receives the DCI indicating “early termination of MPDCCH monitoring and early termination of any ongoing PUSCH transmission”, it considers this as HARQ acknowledgment for the corresponding UL HARQ-process.
· FFS if the indication impacts the DRX behaviour.
In this contribution we address the remaining open issues.
[bookmark: _Ref178064866]Discussion
The uplink HARQ operation for BL/CE UEs is asynchronous [3] and there is no explicit positive HARQ-ACK feedback from the eNB to let the UE, i.e., the absence of an UL retransmission grant can implicitly indicate successful uplink transmission after expiration of drx-ULRetransmissionTimer.
When the uplink traffic is relatively infrequent, the UE may not receive any implicit positive HARQ-ACK feedback for an uplink data transmission since there is no immediate next uplink data transmission with the NDI bit toggled. The UE will wait until the uplink HARQ retransmission timers (UL HARQ RTT timer and drx-ULRetransmissionTimer) expire [3], which could take a long time compared to the time scale of the physical layer procedures.
This is relevant for the case when BL/CE UE is released from RRC connected mode to RRC idle mode. When the UE receives an RRCConnectionRelease message, it sends a corresponding RLC-ACK on PUSCH and waits for ”1.25 seconds from the moment the RRCConnectionRelease message was received or optionally when lower layers indicate that the receipt of the RRCConnectionRelease message has been successfully acknowledged, whichever is earlier” [4]. It may be possible to reduce the waiting time if the lower layers can indicate the receipt of the message earlier through the reception of a positive HARQ-ACK feedback from eNB.
The agreement at the latest RAN1 meeting replaced the working assumption from earlier meetings. The agreement is that there will be one DCI state for each CE mode. This DCI is used to indicate “Early termination of any ongoing PUSCH transmission”, which the UE then considers to be a HARQ acknowledgement for the current HARQ process as discussed in RAN2#101bis.
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc513743109][bookmark: _Toc513763217][bookmark: _Toc513791355]RAN1 working assumption of using 2 DCIs has been revised to use only one DCI.
[bookmark: _Toc513743110][bookmark: _Toc513763218][bookmark: _Toc513791356]The proposed DCI can be used for release and thus faster transition to RRC_IDLE.
Moreover, as the DCI would be used to terminate any ongoing PUSCH transmission but not MPDCCH monitoring in general, it should not further impact DRX operation. Therefore, drx-InactivityTimer should not be stopped as a consequence, and the FFS from the previous RAN2 meeting can be considered resolved. If there is an urge to send the UE to DRX earlier, this can be done by sending a DRX command MAC CE, which will stop both onDurationTimer and drx-InactivityTimer. 
[bookmark: _Toc513743113][bookmark: _Toc513763219][bookmark: _Toc513791357]DRX operation is not further changed when UE receives DCI indicating “early termination of any ongoing PUSCH transmission”, in particular, the DCI has no effect on drx-InactivityTimer. 
In Section 3 we have further text proposals to be considered on top of the current running CRs for eMTC. The UE capability should be added in TS 36.331 and TS 36.306. Further, a configuration parameter should be added to TS 36.331.
For TS 36.321 [4], the condition for early termination of PUSCH transmission should only be followed by UEs configured with the feature with ce-UL-HARQ-ACK-FeedbackConfig. For Section 5.4.2.1, HARQ Entity, the possibility for early termination should be captured as operation with repetitions is specified in that section in the MAC specification. 
[bookmark: _Toc513791358]Capture the text proposals provided in Section 3 for TS 36.331, TS 36.306 and TS 36.321.
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Changes in 36.331

The UE capability ce-UL-HARQ-ACK-Feedback-r15 is added to the PhyLayerParameters in the UE-EUTRA-Capability in section 6.3.6. 

UE-EUTRA-Capability information element
-- ASN1START

[text omitted]

UE-EUTRA-Capability-v1510-IEs ::= SEQUENCE {
	irat-ParametersNR-r15					IRAT-ParametersNR-r15					OPTIONAL,
	basebandParameters-r15					BasebandParameters-r15					OPTIONAL,
	pdcp-ParametersNR-r15					PDCP-ParametersNR-r15					OPTIONAL,
	fdd-Add-UE-EUTRA-Capabilities-v1510		UE-EUTRA-CapabilityAddXDD-Mode-v1510	OPTIONAL,
	tdd-Add-UE-EUTRA-Capabilities-v1510		UE-EUTRA-CapabilityAddXDD-Mode-v1510	OPTIONAL,
	nonCriticalExtension					SEQUENCE {}UE-EUTRA-Capability-v15xy-IEs								OPTIONAL
}

UE-EUTRA-Capability-v15xy-IEs ::= SEQUENCE {
	phyLayerParameters-r15				PhyLayerParameters-r15				OPTIONAL,
	nonCriticalExtension				SEQUENCE {}							OPTIONAL
}

[text omitted]

PhyLayerParameters-r15	::=				SEQUENCE {
	ce-UL-HARQ-ACK-Feedback-r15				ENUMERATED {supported}			OPTIONAL
}


[text omitted]

-- ASN1STOP

	UE-EUTRA-Capability field descriptions
	FDD/ TDD diff

	ce-UL-HARQ-ACK-Feedback-r15
Defines whether the UE supports HARQ-ACK feedback for early termination of MPDCCH monitoring and early termination of PUSCH transmission in RRC_CONNECTED in CE mode A, and in CE Mode B if CE Mode B is supported by the UE, as specified in TS 36.321 [6] and TS 36.212 [22].
	





An ce-UL-HARQ-ACK-FeedbackConfig-r15 IE is added to MAC-MainConfig IE in section 6.3.2 to configure uplink HARQ feedback.

MAC-MainConfig information element
-- ASN1START

MAC-MainConfig ::=					SEQUENCE {

[text omitted]

	]],
	[[	ce-UL-HARQ-ACK-FeedbackConfig-r15	ENUMERATED {true} 			OPTIONAL	-- Need OR
	]]
}

-- ASN1STOP

	MAC-MainConfig field descriptions

	ce-UL-HARQ-ACK-FeedbackConfig
TRUE indicates HARQ-ACK feedback for early termination of MPDCCH monitoring and early termination of PUSCH transmission in RRC_CONNECTED may be sent as specified in TS 36.321 [6] and TS 36.212 [22].




Changes in 36.306

UE capability ce-UL-HARQ-ACK-Feedback-r15 is added to the Physical layer parameters in section 4.3.4.xx.

[bookmark: _Toc503212393]4.3.4	Physical layer parameters
[text omitted]
4.3.4.xx	ce-UL-HARQ-ACK-Feedback-r15
This field defines whether the UE supports HARQ-ACK feedback for early termination of MPDCCH monitoring and early termination of PUSCH transmission in coverage enhancement mode A and B in RRC connected mode as defined in TS 36.321 [4] and TS 36.212 [26]. A UE indicating support of ce-ul-HARQ-ACK-feedback-r15 shall also indicate support of ce-ModeA-r13.


Changes in 36.321
Changes over the endorsed running CR for TS 36.321 [4] are highlighted with yellow. 
[bookmark: _Toc510392536]5.7	Discontinuous Reception (DRX)
[text omitted]
if the PDCCH indicates an UL transmission for an asynchronous HARQ process or if an UL grant has been configured for an asynchronous HARQ process for this subframe:
-	if the UE is neither a BL UE nor a UE in enhanced coverage; or
-	if the UE is a BL UE or a UE in enhanced coverage configured with ce-UL-HARQ-ACK-FeedbackConfig and the UL HARQ-ACK feedback for the corresponding HARQ process has not been received on PDCCH until the last repetition of the corresponding PUSCH transmission:
 [text omitted]
-	if the PDCCH indicates a new transmission (DL, UL or SL):
-	except for an NB-IoT UE configured with a single DL and UL HARQ process, start or restart drx-InactivityTimer.
-	if the PDCCH indicates a transmission (DL, UL) for an NB-IoT UE:
-	if the NB-IoT UE is configured with a single DL and UL HARQ process:
-	stop drx-InactivityTimer.
-	stop onDurationTimer.
-	if the PDCCH indicates UL HARQ-ACK feedback for an asynchronous UL HARQ process for a BL UE or a UE in enhanced coverage configured with ce-UL-HARQ-ACK-FeedbackConfig:
-	stop the drx-ULRetransmissionTimer for the corresponding HARQ process.

[text omitted]
[bookmark: _Toc510392524]5.4.2	HARQ operation
[bookmark: _Toc510392525]5.4.2.1	HARQ entity
[text omitted]
In asynchronous HARQ operation, a HARQ process is associated with a TTI based on the received UL grant except for UL grant in RAR. Except for NB-IoT UE configured with a single HARQ process, each asynchronous HARQ process is associated with a HARQ process identifier. For UL transmission with UL grant in RAR, HARQ process identifier 0 is used. HARQ feedback is not applicable for asynchronous UL HARQ except for BL UE or UE in enhanced coverage configured with UL HARQ-ACK feedback on PDCCH.

[text omitted]
For serving cells configured with pusch-EnhancementsConfig, NB-IoT UEs, BL UEs or UEs in enhanced coverage, the parameter UL_REPETITION_NUMBER provides the number of transmission repetitions within a bundle. For each bundle, UL_REPETITION_NUMBER is set to a value provided by lower layers. Bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle HARQ retransmissions are non-adaptive and are triggered without waiting for feedback from previous transmissions according to UL_REPETITION_NUMBER. BL UEs or UEs in enhanced coverage configured with UL-HARQ-ACK-feedback shall stop transmission repetitions upon receiving DCI indicating early termination or new data transmission for the HARQ process. An uplink grant corresponding to a new transmission or a retransmission of the bundle is only received after the last repetition of the bundle. A retransmission of a bundle is also a bundle.

Conclusion
In section 2 we made the following observations:
Observation 1	RAN1 working assumption of using 2 DCIs has been revised to use only one DCI.
Observation 2	The proposed DCI can be used for release and thus faster transition to RRC_IDLE.

Based on the discussion in section 2 we propose the following:
Proposal 1	DRX operation is not further changed when UE receives DCI indicating “early termination of any ongoing PUSCH transmission”, in particular, the DCI has no effect on drx-InactivityTimer.
Proposal 2	Capture the text proposals provided in Section 3 for TS 36.331, TS 36.306 and TS 36.321.
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