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1. Introduction
In RAN#75 a new work item RP-170732 “New WID on Even further enhanced MTC for LTE” was approved. One of the objectives of the work item is to 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 following agreements were reached in previous meetings:
Agreement: If explicit UL HARQ-ACK feedback is supported, it is based on MPDCCH.
Agreement:
· 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.

Agreement:
· 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

Agreement:
· 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

Agreements:
· 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).

Agreement
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.

Agreement
· For HD-FDD, early termination of PUSCH transmission is not supported in Rel-15.

In this contribution we present further details on uplink HARQ-ACK feedback.

2. Potential benefits of new HARQ-ACK channel
The introduction of a new channel for HARQ-ACK feedback may offer some advantages with respect to MPDCCH-based UL transmission, but some of the gains realizable by this new channel can be attained by MPDCCH.
One potential gain of the new HARQ-ACK channel is to add signalling from the eNB to the UE in the middle of a large number of repetitions (e.g. 128 repetitions) to convey that the eNB has already decoded the PUSCH and thus the UE can stop the transmission. While there is a clear benefit to do this, a similar gain can be realized by targeting a larger initial BLER in the first HARQ (i.e., by adjusting to an optimistic number of transmissions), and then triggering a retransmission if the first transmission failed. For example, if for a repetition level of R we want to be able to stop transmission at R/4, R/2 and 3R/4, this is equivalent to scheduling each of the PUSCH with a repetition level of R/4 and triggering retransmissions, if needed.
Observation 1: Early-termination of PUSCH repetitions can be implemented by increasing the initial BLER and triggering repetitions (e.g. for a target repetition level of R, schedule R/4).
The main gain of the new HARQ-ACK channel, if any, would reside in this channel requiring a lower number of repetitions than MPDCCH to trigger a retransmission. For example, if a PHICH-like 1-bit indication is transmitted (reTx/no Retx), the required number of repetitions should be much lower than that for the corresponding MPDCCH.
Observation 2: The main gain realizable by the new HARQ-ACK channel is the possibility of triggering a retransmission with a smaller number of repetitions than MPDCCH.
However, in the overall power consumption of the UE (especially for UEs in extended coverage using maximum transmit power and large number of repetitions), the MPDCCH decoding may account for a reduced fraction of the overall power consumption, which is driven mainly by PUSCH transmission. In Section 3 we present a preliminary analysis of the power consumption reduction potential of the new HARQ-ACK channel.
One drawback of introducing a new HARQ-ACK channel is that network flexibility is reduced. For example, if the new channel is a 1-bit indication (similar to PHICH), the UE would need to use the same number of repetitions and resource allocation as the first transmission. While this may be acceptable in many cases, this does not allow for an eNB adjusting the number of repetitions in a dynamic way. eNB can measure the UL channel quality based on the first transmission and then determine the number of repetitions for subsequent transmissions fairly accurately (especially since a lot of use cases for eMTC involve low Doppler). For example if first transmission had 32 repetitions and eNB determined that it would need around ~40 to decode (e.g. based on DMRS SNR), in subsequent transmission it can request just 8 more. However, if UE relies only on ACK based approach, UE would end up transmitting 32 more repetitions ending up wasting power.  The alternatives to transmit with repetition of 8 or 16 would introduce more gaps/ACK monitoring/retransmissions in the UL and may still end up consuming more UL subframes.
Observation 3: Using a HARQ-ACK channel instead of MPDCCH reduces the eNB scheduling flexibility. 

3. Power consumption analysis of new HARQ channel
In this section we present a preliminary analysis on the potential power consumption reduction achievable by a new HARQ-ACK channel. For a target BLER X% achievable by a number of repetitions R, our analysis compares the power consumption reduction achievable by current specification by increasing the initial BLER and scheduling subsequent retransmissions with MPDCCH, and the gain if the same procedure involves an ideal HARQ-ACK channel that consumes 0 power. The following assumptions are made:
· One subframe of monitoring MPDCCH uses a unit of power (P), and one subframe of transmitting PUSCH uses 6P (we also compare the results for a more optimistic case of 5P).
· At 155.7dB MCL, the UE needs approximately 32 repetitions for MPDCCH, according to [1]. We also include summarized results for the case of 64 MPDCCH repetitions.
· The PUSCH simulation results are shown in Appendix A. We consider the case of -16dB SNR, which corresponds to approximately 155.7dB MCL.
· The evaluation results are for 328 bits. Moving to a larger number of bits would decrease the fraction of power used for MPDCCH monitoring.
· The target BLER after HARQ retransmissions is the one corresponding to 1024 repetitions, which is approximately 10-3
· MPDCCH errors are not modelled.
· Time diversity due to scheduling delays is not modelled.
· Power consumption due to scheduling delays is not modelled.
At -16dB SNR, the performance for different number of repetitions is captured in the following table.
Table 1 BLER after a given number of repetitions
	# repetitions
	1024
	512
	256
	128
	64
	32
	16

	BLER
	3e-4
	7e-3
	6e-2
	0.18
	0.45
	0.85
	0.98



In Figure 2 we plot the average power consumption (in units of P) for different values of initial number of repetitions. The optimum value is 64 repetitions, with a initial BLER of 0.45. Note that this BLER is much higher than the usual 10% BLER in first transmission. The power consumption in this case is 876P, which is a x7 reduction with respect to operating with initial R=1024.
Observation 4: In terms of average power consumption, it is beneficial to operate at a high initial BLER, and retransmit only when needed, than operate with a large number of repetitions.
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Figure 2 Total power and power used for MPDCCH depending on the initial number of repetitions. For this case, the optimum number of initial repetitions is 64, which corresponds to a BLER of ~0.45.

In Figure 2 we also show the power used in MPDCCH monitoring. The lower the initial BLER is, the higher the MPDCCH monitoring power is, since it would require more retransmissions and, therefore, more MPDCCH subframes are monitored. Figure 3 shows the fraction of power for MPDCCH monitoring, which is 7.6% for the optimum initial number of repetitions. 
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Figure 3 Fraction of power used for MPDCCH monitoring. The optimum value is for 64 repetitions for initial transmissions, with MPDCCH accounting for ~7.6% of the total power consumption.

In Table 2 we tabulate the results for different values of MPDCCH repetitions and ratio between uplink and downlink power. Even for the best case scenario, the MPDCCH power consumption is around 16.67%. Note that this would be the gain attained by a HARQ-ACK channel that consumes 0 power. For a HARQ-ACK channel that reduces the power consumption in 50%, the best case gain would be around 8%. For the worst case, the gain would be around 4%. 
Table 2 Power consumption % of MPDCCH for different uplink power consumption and MPDCCH repetition assumptions.
	
	Uplink power = 6P
	Uplink power = 5P (agreed in R1-1706705)

	32 MPDCCH repetitions
	7.69%
	9%

	64 MPDCCH repetitions
	14.29%
	16.67%



Observation 5:  MPDCCH monitoring power consumption is a reduced fraction of the overall power consumption when transmitting PUSCH with a large number of repetitions.

4. Use cases for HARQ-ACK channel
Given the analysis above, the introduction of new procedures for HARQ-ACK early termination do not seem reasonable, since they will increase the complexity of the UE, will complicate the procedures, and will result in reduced benefits. For some cases, however, it may be feasible to introduce early termination.
One open item is whether to support multiple feedback for multiple UEs. In our view, introducing this mechanism would involve quite a lot of specification impact (e.g. definition of new DCI, definition of new RNTI, additional blind decodings, definition of CSS in Mode B) for very doubtful gains. Thus, we propose not to support this feature.
Proposal 1: Do not support “group DCI” for early HARQ-ACK feedback.

5. Details of DCI signaling
In previous meetings, it was discussed whether we need a separate HARQ-ACK feedback for each of the HARQ IDs, or a single one (signaling all HARQs have been successfully received) is enough. In our view, a single one is enough for the following reasons:
- Since we are sending the UE to sleep, the eNB will only send this DCI when all processes are successfully received. There is no reason for the eNB to send individual ACKs for each HARQ process, since the UE will only go to sleep when all of them are acknowledged.
- Even for the early termination case, since the UE is only transmitting one PUSCH at a time, the differentiation between different HARQ IDs is not needed.
RAN2 LS R1-1721254 indicated that “Use case 2”, corresponding to stopping MPDCCH monitoring by “To acknowledge all pending uplink HARQ processes, so that the UE may transition to DRX earlier” is not supported by RAN2 spec. Thus, a single unused DCI state is needed to convey HARQ-ACK feedback

Proposal 2: Confirm the working assumption from RAN1#91 with the following changes:
· 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 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)
· 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).



6. Summary
In this contribution we presented our views on the introduction of a new HARQ-ACK channel. We made the following observations and proposals:
Observation 1: Early-termination of PUSCH repetitions can be implemented by increasing the initial BLER and triggering repetitions (e.g. for a target repetition level of R, schedule R/4).
Observation 2: The main gain realizable by the new HARQ-ACK channel is the possibility of triggering a retransmission with a smaller number of repetitions than MPDCCH.
Observation 3: Using a HARQ-ACK channel instead of MPDCCH reduces the eNB scheduling flexibility. 
Observation 4: In terms of average power consumption, it is beneficial to operate at a high initial BLER, and retransmit only when needed, than operate with a large number of repetitions.
Observation 5:  MPDCCH monitoring power consumption is a reduced fraction of the overall power consumption when transmitting PUSCH with a large number of repetitions.
Proposal 1: Do not support “group DCI” for early HARQ-ACK feedback.
Proposal 2: Confirm the working assumption from RAN1#91 with the following changes:
· 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 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)
· 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).




Appendix A – reference PUSCH link level results
7. [image: ]
Figure 1 Evaluation results for PUSCH, 328 bits, 1 PRB QPSK. #Repetitions 1-2048, EPA 4Hz
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