3GPP TSG RAN WG1 Meeting #88bis                                         R1-1705698
Spokane, USA 3rd - 7th April 2017
Source:
NTT DOCOMO
Title:
Initial views on the UL HARQ-ACK feedback enhancement
Agenda Item:
7.2.6.3
Document for: 
Discussion and Decision
1. Introduction
During the RAN#75meeting, a new WID was approved on even further enhanced MTC for LTE. It is proposed to specify physical signal/channel/DCI for HARQ-ACK feedback in DL for data transmission in UL if found beneficial for connected mode [1].
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In this contribution, we will analyze the necessity and share our consideration in the UL HARQ-ACK feedback enhancement.
2. Necessity of UL HARQ-ACK enhancement 
In Rel-13 MTC design, repetition was agreed as the baseline solution to the coverage enhancement. The number of repetitions for UL data is configured based on measurement results and UL grant indication.

For a specific UE, the maximum PUSCH repetition number is carried via RRC signaling to determine the repetition set, then the specific repetition number in the set is further indicated by UL grant. As is shown in Fig.1 [2], the granularity of repetition number is very large especially for UEs in deep coverage. For example, if the maximum repetition number indicated in RRC signaling for a UE is 256, and the estimated repetition number is 68 based on the measurement results, then UL grant would indicate the repetition number as 128 in the set to make sure that UL data could be decoded successfully by eNB. But in fact, eNB could decode the UL data successfully after 50 times UL repetition because that the measurement results might be inaccurate as well. Thus, indicated repetition number in UL grant might be much larger than the real needed one.
[image: image2.png]Table 8.2b: PUSCH repetition levels (DCI Format 6-0A) -

Higher layer parameter -
‘pusch-
maxNumRepetitionCEmodeA’ -

Not configured - {1248}~ .
16~ {1.4,8,16} - .
32. {1.4.16,32}~ .
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Table 8.2c: PUSCH repetition levels (DCI Format 6-0B) -

Higher layer parameter -

| pusch-maxNumRepetitionCEmodeB’|

.

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 o {4,16,32,64,128,192,256,384} -
512 « {4,16,64,128,192,256,384,512} -
768 o {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} -





Figure 1. PUSCH repetition level
As is analyzed, it is possible that the selected repetition number of UL data is larger than the actual required repetition number for correct decoding due to the inaccurate measurement results and large repetition granularity design. In this case, some radio resource and UE power will be consumed in vain as shown in Fig. 2.
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Figure 2. Selected repetition number is much larger than the needed one
In this case, if eNB could feedback ACK to UE once eNB successfully decoded the UL data and UE stops the UL transmission once it detected the ACK from eNB, i.e. to support the early termination mechanism, the resource and power wastage can be avoided. 
To investigate how much gain can be expected from the early termination, numerical analysis is to be carried out. 
For each transmission packet, the repetition number is determined by its SINR and we assume eNB could successfully decode that packet based on the determined repetition number. That is to say, the impact of inaccurate measurement is not considered in our calculation. The SINR distribution for all the packets and more detailed calculation procedures are listed in the appendix. 

Two cases are to be evaluated, i.e. legacy HARQ feedback case and ideal HARQ feedback case. Details are shown below:
· Legacy HARQ feedback design:
· Step1: eNB estimate the repetition number under precisely channel estimation e.g. 9 times

· Step2: The eNB selects the repetition number in the predefined set {1,4,8,16,32} (same as legacy UL grant indication design) i.e. 16 and indicate it to UE in UL grant
· Step3: UE transmits the whole 16 repetition times and then detects the HARQ feedback
· Ideal HARQ feedback design:
· Step1~2: same as legacy method
· Step3: UE transmits UL data and waits for the HARQ feedback after ever UL repetition until detects ACK. That’s to say, UE would detect ACK and stop transmission after 9 times UL repetition when eNB estimated repetition number as 9
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Figure 3 Average repetition times for each packet of different methods
As is shown in Fig.3, we analyzed the average repetition times of each packet in the system. The ideal feedback method would reduce the average repetition times to 17.3%. It means that the legacy feedback mechanism would waste 17.3% resource and UE power compared to the ideal feedback method. The wasted resource and UE power would be extremely increased especially in MTC scenario where the number of UE and corresponding packets is large. Besides, the impact of inaccurate measurement is not considered in our calculation, the wastage would be much larger if it is under real scenario with inaccurate measurement. Thus, design to support the early determination of UL data is necessary to improve resource efficiency and reduce UE power consumption in MTC scenario.
Observation: It would cause large UL resource and UE power consumption if performing the legacy HARQ feedback method i.e. feeds back DL HARQ after the transmission of selected UL repetition times.
Proposal 1: Early termination of UL data in MTC scenario should be supported 
3. Views on the UL HARQ-ACK enhancement 
When supporting the early termination, from the perspective of resource utilization, it is better that eNB could provide UL HARQ-ACK feedback immediately once it successfully decoded the UL data. And UE tries to detect HARQ feedback after every UL transmission until detects ACK. However, from the power consumption perspective, detecting ACK in each subframe would consume more power. And it is quite challenging for the HD-FDD MTC, since they can’t perform transmission and receiving simultaneously. 
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Figure 4 UE detects HARQ-ACK feedback after every UL transmission 
Thus, to keep a balance between reducing UL resource wastage and limiting UE detection power consumption, it is better to define specific ACK feedback occasions during the UL repetition. Only in these specific ACK occasions, eNB could perform the HARQ-ACK feedback and UE only detects ACK in these occasions instead of in every subframe.
Proposal 2: Defining specific HARQ-ACK feedback occasions during the UL repetition is necessary to support the early termination of UL data in MTC scenario
4. Conclusion
In this contribution, we analyzed the necessity and share our consideration in the UL HARQ-ACK feedback enhancement.
Observation: It would cause large UL resource and UE power consumption if performing the legacy HARQ feedback method i.e. feeds back DL HARQ after the transmission of selected UL repetition times.
Proposal 1: Early termination of UL data in MTC scenario should be supported 
Proposal 2: Defining specific HARQ-ACK feedback occasions during the UL repetition is necessary to support the early determination of UL data in MTC scenario
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Figure 5. SINR-CDF figure
Assuming MCS=8, the target SINR=2.63 when BLER=0.1

Estimated repetition number: N=[image: image8.png]target SINR-UE SINR
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The possibility of different repetition number is calculated basing on the SINR-CDF figure.
For legacy method:
Weighted average repetition number= (Rep_1 *possibility+ Rep_4*possibility+ Rep_8*possibility + Rep_16*possibility + Rep_32*possibility)
[image: image1]For ideal method:

Weighted average repetition number= 
Table1. Legacy method
	Repetition number
	UE SINR range
	Possibility 
	Weighted average repetition number

	1
	>=2.63
	60.00%
	5.74

	4
	2.63>x>=-3.39
	18.43%
	

	8
	-3.39>x>=-6.4
	6.52%
	

	16
	-6.4>x>=-9.41
	5.56%
	

	32
	-9.41>x
	9.35%
	


Table2. Ideal method
	Repetition number
	UE SINR range
	Possibility
	Weighted average repetition number

	1
	>=2.63
	60.00%
	4.74

	2
	2.63>x>=0.38
	12.00%
	

	3
	0.38>x>=-2.14
	4.50%
	

	4
	-2.14>x>=-3.39
	1.93%
	

	5
	-3.39>x>=-4.36
	2.48%
	

	6
	-4.36>x>=-5.15
	1.57%
	

	7
	-5.15>x>=-5.82
	1.32%
	

	8
	-5.82>x>=-6.40
	1.15%
	

	9
	-6.40>x>=-6.91
	1.01%
	

	10
	-6.91>x>=-7.37
	0.91%
	

	11
	-7.37>x>=-7.78
	0.81%
	

	12
	-7.78>x>=-8.16
	0.76%
	

	13
	-8.16>x>=-8.51
	0.69%
	

	14
	-8.51>x>=-8.83
	0.63%
	

	15
	-8.83>x>=-9.13
	0.47%
	

	16
	-9.13>x>=-9.41
	0.28%
	

	17
	-9.41>x>=-9.67
	0.25%
	

	18
	-9.67>x>=-9.92
	0.25%
	

	19
	-9.92>x>=-10.16
	0.40%
	

	20
	-10.16>x>=-10.38
	0.43%
	

	21
	-10.38>x>=-10.59
	0.42%
	

	22
	-10.59>x>=-10.79
	0.39%
	

	23
	-10.79>x>=-10.99
	0.38%
	

	24
	-10.99>x>=-11.17
	0.21%
	

	25
	-11.17>x>=-11.35
	0.17%
	

	26
	-11.35>x>=-11.52
	0.17%
	

	27
	-11.52>x>=-11.68
	0.16%
	

	28
	-11.68>x>=-11.84
	0.16%
	

	29
	-11.84>x>=-11.99
	0.15%
	

	30
	-11.99>x>=-12.14
	0.15%
	

	31
	-12.14>x>=-12.28
	0.14%
	

	32
	-12.28>x
	5.52%
	


WID in RP-170732:


Study and, if found beneficial for connected mode, specify physical signal/channel/DCI for HARQ-ACK feedback in DL for data transmission in UL.
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