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1 Introduction

In the R15 eFeMTC WID, one of the objectives is to reduce power consumption for physical channels:

	· 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.


For Uplink HARQ-ACK feedback topic, RAN1 has made the following agreements:
	RAN1#89 made the following agreement:

· If explicit UL HARQ-ACK feedback is supported, it is based on MPDCCH.

RAN1#90 made the following agreements:

· Explicit HARQ-ACK feedback is supported for the following purpose(s):

· Early termination of MPDCCH monitoring before going to sleep (details up to RAN2)

· FFS: Early termination of PUSCH transmission at least in FD-FDD and TDD

· The introduction of explicit HARQ-ACK feedback shall not increase the maximum number of MPDCCH blind decoding attempts.

RAN1#90bis and RAN1#91 made the following agreements:

· Early termination of PUSCH transmission is supported at least in FD-FDD and TDD by the following:

· MPDCCH for UL grant for scheduling new UL data

· MPDCCH for explicit HARQ-ACK feedback

· For explicit HARQ-ACK feedback for early termination of MPDCCH monitoring:

· Explicit HARQ-ACK feedback for a single UE is carried in a DCI with the same DCI size as DCI format 6-0A/B. The DCI is carried on MPDCCH in UE-specific search space.

· For explicit HARQ-ACK feedback for early termination of PUSCH transmission:

· Explicit HARQ-ACK feedback for a single UE is carried in a DCI with the same DCI size as DCI format 6-0A/B. The DCI is carried on MPDCCH in UE-specific search space.

· FFS: Explicit HARQ-ACK feedback for multiple UEs is carried in a DCI

· For the explicit HARQ-ACK feedback signaling,

· For CE mode A, unused state(s) in the “resource assignment” field in DCI format 6-0A is used to indicate explicit HARQ-ACK feedback for a single UE.

· FFS: If other fields are set to predetermined values

· For CE mode B, unused state(s) in the “MCS” field in DCI format 6-0B is used to indicate explicit HARQ-ACK feedback for a single UE.

· FFS: If other fields are set to predetermined values

Working assumption: 
· One unused DCI state in each CE mode is used for indicating:

· Early termination of MPDCCH monitoring and early termination of any ongoing PUSCH transmission

· Another unused DCI state in each CE mode is used for indicating:

· Early termination of any ongoing PUSCH transmission (without early termination of MPDCCH monitoring)

· It can be left up to RAN2 whether the new feedback signaling should also be used for termination of MPDCCH monitoring not related to UL HARQ (re)transmissions (e.g. MPDCCH monitoring related to DL transmissions).
RAN1#92 made the following agreements:
· Upon receiving a PUSCH early termination DCI ending in subframe n, the UE shall stop the ongoing PUSCH transmission no later than in subframe n+k, with k following legacy MPDCCH-to-PUSCH timing.
· For HD-FDD, early termination of PUSCH transmission is not supported in Rel-15.




In last RAN2#101 meeting, based on the discussion for RAN1 liaison, RAN2 also made the following agreements:

	=> Early termination of MPDCCH and/or PUSCH can be used to complete RRC connection release procedure faster. RAN2 assumes no changes in RAN2 specification to capture this agreement.


In RAN2 LS reply to RAN1, the following points were captures:

	=> RAN2 assumes that with early termination of MPDCCH monitoring, RAN1 intends to refer to early termination of MPDCCH monitoring and early termination of any ongoing PUSCH transmission.

=> For case 1; RAN2 thinks that UL explicit HARQ-ACK for early termination of MPDCCH monitoring and early termination of any ongoing PUSCH transmission can be used to acknowledge the receipt of the RRCConnectionRelease message. RAN2 assumes no changes in RAN2 specification to capture this agreement.

=> For case 2; RAN2 thinks that using an explicit HARQ-ACK feedback to acknowledge all pending UL HARQ processes is not efficient with respect to UE power consumption. RAN2 agreed that this use case is not supported.


In this contribution, we will further discuss the impacts on RAN2 for UL HARQ-ACK feedback.
2 Discussion

Based on RAN1 agreements, explicit HARQ-ACK feedback for a single UE can be carried in a DCI for early termination of MPDCCH monitoring and early termination of PUSCH transmission. We assume a DCI_1 will be defined for this purpose. For explicit HARQ-ACK feedback for early termination of PUSCH transmission, we assume a DCI_2 will be defined.
2.1 Early termination of MPDCCH monitoring

In R14, AS RAI has been introduced for UE category M1 and M2. When the eNB receives BSR=0 from UE, it can trigger RRC Connection Release procedure as early as possible. The eNB transmits RRC Connection Release message to indicate UE to go to RRC_IDLE state. The UE would wait for the feedback for its HARQ-ACK and RLC-ACK for receiving RRC Connection Release message. After getting ACK feedback from eNB or waiting for some time, e.g.1.25s, the UE will go to RRC_IDLE state. The related RAN2 specification is as following:

	5.3.8.3
Reception of the RRCConnectionRelease by the UE

The UE shall:

1>
except for NB-IoT, BL UEs or UEs in CE, delay the following actions defined in this sub-clause 60 ms 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;

1>
for BL UEs or UEs in CE, delay the following actions defined in this sub-clause 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;

1>
for NB-IoT, delay the following actions defined in this sub-clause 10 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.


In last RAN2 meeting, RAN2 has agreed that UL explicit HARQ-ACK for early termination of MPDCCH monitoring and early termination of any ongoing PUSCH transmission can be used to acknowledge the receipt of the RRCConnectionRelease message. RAN2 assumes no changes in RAN2 specification to capture this agreement. 

Even with such clarification, in this procedure, the signaling exchanging overhead and UE power consumption are still large. We think further optimization is needed. Such explicit HARQ-ACK feedback for early termination of MPDCCH monitoring and early termination of any ongoing PUSCH transmission can be considered to faster release the RRC connection. That is, after successfully receiving the BSR=0 report from UE, the eNB can transmit DCI_1 to indicate UE to terminate PUSCH transmission for BSR, terminate MPDCCH monitoring and go to RRC_IDLE state. With these procedure optimization, it’s no need for the UE to receive RRCConnectionRelease message and further send RLC-ACK to eNB. The UE power can be further saved. 
Proposal 1:After the eNB successfully receives BSR=0, an explicit HARQ-ACK feedback carried in a DCI can be used to indicate the UE to terminate PUSCH transmission for BSR, terminate MPDCCH monitoring and then go to RRC_IDLE state.

In RAN1 working assumption, RAN1 also let RAN2 to decide whether the new feedback signaling should be used for termination of MPDCCH monitoring not related to UL HARQ (re)transmissions (e.g. MPDCCH monitoring related to DL transmissions). We think that new feedback signaling for termination of MPDCCH monitoring looks like a HARQ-ACK for DL transmission and it’s out the scope of this topic in WID. The target of this topic is mainly to specify HARQ-ACK for UL transmission. Moreover, it may be difficult to decide the timing to send such feedback signaling. “too-late” feedback for termination of MPDCCH monitoring would not bring obvious benefit for UE power saving while “too-early” feedback may cause unexpected DL transmission delay. Therefore, it is no need to introduce the new feedback signaling for termination of MPDCCH monitoring not related to UL HARQ (re)transmissions. 
Proposal 2: It is no need to introduce the new feedback signaling for termination of MPDCCH monitoring not related to UL HARQ (re)transmissions.
2.2 Early termination of PUSCH transmission

In the PUSCH transmission case, if the eNB has successfully received the data transmission or the eNB has no enough resource to schedule the subsequent PUSCH transmission, an explicit DCI_2 can be used for early terminating PUSCH transmission. Or, an UL grant for new transmission can also be used as an implicit indication for early terminating the current PUSCH transmission. When the UE detects DCI_2 or UL grant for new transmission, the UE will terminate the remaining PUSCH transmission and stop the related timers (e.g. drx-ULRetansmissionTimer). In RAN2#99bis, some CRs have proposed the specification impacts for explicit HARQ-ACK feedback for early termination of PUSCH transmission. But the CRs only consider the explicit indication but doesn’t consider the implicit one. So we slightly modify the proposed change in the following example (the highlight yellow text):

	TS 36.321

5.7   Discontinuous Reception (DRX)
……

-
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 a positive acknowledgement (ACK) or an UL grant for a new transmission is received and the UE is a BL UE or a UE in enhanced coverage: 

-
if the UE is configured with mpdcch-ul-HARQ-ACK-feedbackConfig:
-
stop the drx-ULRetransmissionTimer for the corresponding HARQ process;


Proposal 3: An explicit HARQ-ACK feedback carried in a DCI or UL grant for new transmission can be used for early termination of PUSCH transmission.

2.3 Early termination of Msg3 during random access procedure

During legacy random access procedure, Msg4 only can be scheduled after the end of Msg3 repetitions and the UE only monitors MPDCCH for Msg4 scheduling after the end of Msg3 repetitions in enhanced coverage mode. Even if the eNB successfully decodes Msg3 before the end of Msg3 repetitions, the UE cannot stop the Msg3 repetitions and start to monitor Msg4. It may cause unnecessary UL resource waste and UE power consumption. Furthermore, it is not beneficial for reducing the blocking between different Msg3 transmissions. 

So we think it’s necessary to support early termination of Msg3. A feasible way is to allow eNB to schedule the Msg4 after successful reception of Msg3 and allow UE to monitor MPDCCH for Msg4 scheduling during Msg3 transmission. The UE can stop Msg3 transmission as soon as it monitors MPDCCH for Msg4 scheduling. Such optimization would be beneficial for UE power saving and improving resource utilization, especially for EDT. Firstly, in EDT, Msg3 would be usually larger than legacy Msg3, unnecessary Msg3 transmission would cause more power consumption. Furthermore, the eNB always configures maximum UL grant for Msg3 based on maximum TB size related the CE level. As the UE maybe choose a smaller TB size compared with the configured maximum TB size to transmit Msg3, the probability of eNB receiving Msg3 in advance shall be increased.

However, even we think UL HARQ-ACK feedback would be a mandatory function for R15 UEs since early termination of any ongoing PUSCH transmission and/or early termination of MPDCCH monitoring is beneficial for UE power saving, the eNB can know whether a UE supports such function only after eNB gets UE’s release information, e.g., after Msg5. That means the eNB can only send UL HARQ-ACK feedback to indicate the UE to early terminate PUSCH transmission after entering RRC_CONNECTED. If we want the eNB to send UL HARQ-ACK feedback earlier, e.g., for early termination of Msg3 transmission, the eNB needs to acquire UE capability before or through Msg3. Acquiring UE capability from network side may be not suitable for this case.
As there has only one spare bit in RRCConnectionRequest/RRCConnectionResumeRequest messages, it’s hard for the UE to report its capability through Msg3. Since the UE could indicate its capability for EDT through Msg1, it can be considered to bind the capability of supporting EDT and UL HARQ-ACK feedback together. That is, the eNB can indicate early termination of Msg3 transmission only for the UE requires EDT transmission through Msg1. 

In[1], similar thoughts has been mentioned and briefly discussed in last RAN2 meeting, now we think it would be a feasible way to support early termination of Msg3 transmission.

Proposal 4: Early termination of Msg3 repetitions should be supported for the UE which requires EDT through Msg1. 
3 Conclusion

Based on the analysis in this paper, we have the following observation and proposals:
Proposal 1:After the eNB successfully receives BSR=0, an explicit HARQ-ACK feedback carried in a DCI can be used to indicate the UE to terminate PUSCH transmission for BSR, terminate MPDCCH monitoring and then go to RRC_IDLE state.
Proposal 2: It is no need to introduce the new feedback signaling for termination of MPDCCH monitoring not related to UL HARQ (re)transmissions.
Proposal 3: An explicit HARQ-ACK feedback carried in a DCI or UL grant for new transmission can be used for early termination of PUSCH transmission.
Proposal 4: Early termination of Msg3 repetitions should be supported for the UE which requires EDT through Msg1.
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