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1. Introduction

In RAN#75, a new Rel-15 work item has been approved to specify physical signal/channel/DCI for HARQ-ACK feedback in DL for data transmission in UL if found beneficial for connected mode [1]. 

We have made agreements in the previous RAN1#88bis and #89 meetings as follows.

	Agreements: (from RAN1#88bis)
· 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
Agreements: (from RAN1#89)
· If explicit UL HARQ-ACK feedback is supported, it is based on MPDCCH.


In this contribution, we provide our views on flexible configurability of HARQ-ACK feedback taking into account use case in terms of power saving.
2. Discussion

In general, an extensive PUSCH repetition is applied to BL/CE UEs in extended coverage area and its granularity increases by almost a multiple of 2 as can be seen from the table below.

Table 1: PUSCH repetition levels (DCI Format 6-0A)

	Higher layer parameter

‘pusch-maxNumRepetitionCEmodeA’
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	Not configured
	{1,2,4,8}

	16
	{1,4,8,16}

	32
	{1,4,16,32 }


Table 2: PUSCH repetition levels (DCI Format 6-0B)

	Higher layer parameter

‘pusch-maxNumRepetitionCEmodeB’
	[image: image2.wmf]{

}

8

,

,

2

,

1

n

n

n

K



	Not configured
	{4,8,16,32,64,128,256,512}

	192 
	{1,4,8,16,32,64,128,192}

	256 
	{4,8,16,32,64,128,192,256} 

	384 
	{4,16,32,64,128,192,256,384} 

	512 
	{4,16,64,128,192,256,384,512} 

	768 
	{8,32,128,192,256,384,512,768}

	1024 
	{4,8,16,64,128,256,512,1024} 

	1536 
	{4,16,64,256,512,768,1024,1536}

	2048 
	{4,16,64,128,256,512,1024,2048}


According to the current specification, once a specific number of PUSCH repetition is indicated by eNB, UE has to continue transmitting PUSCH as instructed regardless whether eNB successfully detects it in fewer repetitions. When eNB determines that a large number of retransmissions are required which is slightly over a certain number in the table above, eNB may be more likely to assign another large number which comes next because detection failure would cost more in terms of network resource utilization, UE power consumption, transmission and reception delay and so on. Nevertheless, this unnecessary PUSCH transmission will still induce inter-cell interference as well as UE power consumption and there seems room for optimization. In order to cope with unnecessary PUSCH retransmissions and manage resources efficiently, principles for HARQ-feedback channel design and options for evaluation were agreed from macroscopic point of view.
However, before diving deep into a detailed discussion on channel design, we would like to see first if HARQ-feedback in DL for PUSCH mechanism needs to be supported in a fixed manner regardless of use case such as CE mode, repetition level, transmission power, PUSCH detection reliability and so on. We provide our views on each aspect as follow:

1) CE mode
Taking into account trade-off between transmission power and reception power, significant power saving gain from HARQ-feedback in the middle of PUSCH retransmissions is less likely to be expected for CE mode A. Whereas it would be helpful for CE mode B, particularly when a large number of PUSCH repetition is assigned.
2) Repetition level
Even though BL/CE UEs in extended coverage area may need considerable PUSCH resources for repetition, there are cases where a small number of PUSCH repetition is required. Considering the fact that assigned repetition number to CE mode B could be as small as CE mode A whose maximum repetition number is 32, even CE mode B may not have to always stop transmitting PUSCH in the middle and go back to receive HARQ-feedback for PUSCH being transmitted.
3) Transmission power
As mentioned above, though UE in CE mode A is less likely to transmit PUSCH with maximum number of repetition, there are still cases it has to transmit PUSCH as many as 32 times with maximum transmission power which may induce inter-cell interference problem. Therefore, transmission power needs to be considered for determination to support HARQ-feedback.
4) PUSCH detection reliability
Assume that a BL/CE UE is supposed to stop PUSCH retransmission and try to detect HARQ-feedback every 256 times PUSCH transmission, and the entire PUSCH transmission ended up as NACK. Then corresponding retransmission will be more likely to be correctly detected by means of chase combining compared to the first PUSCH transmission of the same HARQ process. In this case, the shorter periodicity of PUSCH transmission for HARQ-feedback detection than the first PUSCH transmission could be sufficient.
5) HARQ-feedback monitoring periodicity and duration
When BL/CE UE is far away from eNB, a large repetition number for PUSCH will be assigned. Which means more repetition number for HARQ-feedback channel is needed to achieve reasonable detection probability. Therefore, HARQ monitoring duration and its periodicity may have to do with the repetition number of PUSCH. In other words, HARQ monitoring gap and duration in the middle of PUSCH retransmission can be expressed as a function of the number of PUSCH repetition.
Proposal 1: HARQ-feedback in DL for PUSCH mechanism needs to take into account CE mode, repetition level, transmission power, PUSCH detection reliability, and HARQ monitoring periodicity/duration.
3. Conclusion
In this contribution, we provided our views on flexible configurability of HARQ-ACK feedback taking into account use cases.
Proposal 1: HARQ-feedback in DL for PUSCH mechanism needs to take into account CE mode, repetition level, transmission power, PUSCH detection reliability, and HARQ monitoring periodicity/duration.
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