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1
Introduction
In RAN1#86bis meeting, the following agreements were made for HARQ mechanism [1]. 
· At least asynchronous and adaptive HARQ is supported for eMBB.
· NR supports at least UL transmission of at least single HARQ-ACK bit.

· Consider whether/how to support more than one HARQ-ACK bits per TB.
· Consider whether/how to support single HARQ-ACK bit per multiple TBs, e.g., HARQ-ACK bundling.
In this contribution, we would like to discuss the necessity of supporting more than one HARQ-ACK bits per TB and analyze the feedback size required.
2
Motivation
In LTE systems, one HARQ-ACK bit feedback is used for one Transport Block (TB). A TB consists of several code blocks (CB’s). While receiving TB is not correctly decoded, all CB’s would be retransmitted even only one CB is erroneous. The retransmission overhead is an increasing function of TB size (TBS). NR peak rate requirement can be up to 20Gbps, which is more than ten times of LTE. It is to expect the CB number increases and thus enlarge retransmission overhead to degrade the data throughput in NR. In this contribution, we would like to examine the maximum CB Size (CBS) and then evaluate the throughput enhancement by multiple ACK bits for one TB in NR.  
TBS is related to OFDM symbols per Transmission Time Interval (TTI), subcarrier spacing, TTI, bandwidth, Resource Block (RB) number in one TTI, modulation order, etc. Based on the agreements of NR numerology in RAN1#86 meeting [2], several example schemes with one-layer assumption are listed in Table 1.
Table 1. Examples of TBS and maximum CB number for different schemes.
	
	OFDM
symbols 
	Subcarrier 
spacing (kHz) 
	TTI (ms) 
	BW
(MHz) 
	RB 
number
per TTI 
	RE 
number per RB 
	RE 
number
per TTI 
	FFT size 
	Mod. 
order 
	Max TB
Size 
(bits) 
	Max CB
number 
in a TB

	LTE 
	14 
	15 
	1 
	20 
	100 
	168* 
	16800 
	2048 
	8 
	97896 
	16 

	NR Scheme1 
	7 
	15 
	0.5 
	20 
	100 
	84 
	8400 
	2048 
	8 
	48948 
	7 

	NR Scheme2 
	7 
	60 
	0.125 
	100 
	125 
	84 
	10500 
	2048 
	8 
	61185 
	8 

	NR Scheme3 
	28 
	240 
	0.125 
	400 
	125 
	336 
	42000 
	2048 
	8 
	244740 
	31 

	NR Scheme4 
	28 
	240 
	0.125 
	800 
	250 
	336 
	84000 
	4096 
	8 
	489480 
	62 


  *RE-pair is used in LTE
It was agreed that LDPC channel coding is utilized in eMBB with information bits greater than 1024 [3]. From the analysis of [4], operating SNR is decreasing as LDPC CBS increases. After CBS larger than 8000, the operating SNR degradation is limited under different code rates. Therefore, maximum CBS can be chosen as 8000 and the maximum CB number in a TB for each NR scheme is calculated accordingly (column 12). It can be seen that the maximum CB number in a TB is 62 (scheme 4), which is about 4 times of that for the LTE system. NR data throughput would be severely degraded with such large number of CB in one TB with only one HARQ-ACK bit feedback.
Observation 1: Maximum CB number in NR is about 4 times of that in LTE. NR data throughput would be severely degraded with only one HARQ-ACK bit feedback per TB.
3
LLS Evaluation of Throughput
In order to investigate the throughput gain from multiple HARQ-ACK bits per TB, we conduct the link level evaluations. The detailed simulation parameters, such as OFDMA bandwidth, channel model, QAM size, TB size (or CB number), CB size, code rate, decoding iteration number, can be referred to the settings in [5].

Figures 1 and 2 show the normalized throughput performance comparison between TB ACK/NACK mode and CB ACK/NACK mode with EVA-70 and ETU-300 channels, respectively. Normalized throughput is defined by
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As shown in Figures 1 and 2, CB ACK/NACK mode outperforms TB ACK/NACK mode in all SNR range. CB ACK/NACK mode can provide about 6.7% or 8.9% throughput gain over TB ACK/NACK mode at normalized throughput 0.9 with EVA-70 or ETU-300 channels, respectively. Furthermore, the performance gain gets larger when channel varies faster (e.g., the ETU-300 channel) due to concurrent successful decoding of all CB’s in one TB becomes uneasy. It implies legacy one ACK/NACK bit per TB is not so efficient in such situations.
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Figure 1. Performance comparison under EVA-70 channels
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Figure 2. Performance comparison under ETU-300 channels
Observation 2: Multiple ACK/NACK feedback bits per TB scheme has throughput benefit over legacy single ACK/NACK feedback bit scheme.
Observation 3: Multiple ACK/NACK feedback bits per TB has more gain in dramatically varying channels.  

4
Analysis of Feedback Size Requirement
In section 2, we have described CB segments in a TB for NR would increase dramatically. Nevertheless, it can also be observed from Table 1 while the maximum CB number in a TB for NR (scheme 4) is about 4 times of that for LTE, the number of resource elements (RE) in each RB (i.e., RB size, column 7 in Table 1) and the total RB number (column 6 in Table 1) are 2 times and 2.5 times of that for LTE, respectively. In other words, although the TBS and the number of CB segments in a TB increase, following the increase in RB size and RB number for data transmission in NR it is expected to have more resources available for HARQ signal feedback too.
Observation 4: Following the increase in RB size and RB number for data transmission in NR it is expected to have more resources available for HARQ signal feedback.
In order to evaluate the feedback signalling requirement for the multiple ACK/NACK feedback bits per TB scheme discussed above, we consider PUCCH formats that have been widely used in LTE systems, as listed below.
Table 2. Examples of PUCCH format and its capacity.
	PUCCH
Format 
	Number of carried message bits per UE 
	Max multiplexing capacity (UE/PUCCH RB) 
	Max message capacity
 (bits/ PUCCH RB) 
	Original UCI information in LTE 

	1 
	na 
	36 
	na 
	No A/N, SR only 

	1a 
	1 
	36
	36 
	1-bit SISO A/N 

	1b FDD (1CC) 
	2 
	36
	72 
	2-bit MIMO A/N 

	1b FDD (2CC) 
	4 
	36
	144 
	4-bit MIMO A/N 

	1b TDD (1CC) 
	4 
	36
	144 
	4-bit MIMO A/N 


In the above table, the message capacity of a PUCCH RB for each PUCCH format (column 4) is calculated by multiplying the message bit per UE (column 2) by the multiplexing capacity per PUCCH RB (column 3). From table 2, it can be seen that the message capacity of the exemplified formats is ranging from 36 bits/PUCCH RB to 144 bits/PUCCH RB. Taking only the format with least capacity into consideration (i.e., format 1a) and assuming the message capacity for each RB is proportional to the size of RB (i.e., same overhead ratio for different RB sizes), the potential message capacity for a PUCCH RB in the exemplified NR schemes can be evaluated as below.
Table 3. PUCCH capacity of the exemplified NR schemes.
	
	RE number ratio 
in one RB 
(relative to LTE) 
	Potential A/N capacity per PUCCH RB 
	Target A/N bits with
max TBS
(or max CB number)

	NR Scheme1 
	0.5 (=84/168)
	18 
	7 

	NR Scheme2 
	0.5 (=84/168)
	18 
	8 

	NR Scheme3 
	2 (=336/168)
	72 
	31 

	NR Scheme4 
	2 (=336/168) 
	72 
	62 


In the above table, the potential message capacity per PUCCH RB for each scheme (column 3) is calculated by multiplying the RB size ratio relative to LTE (column 2) by the message capacity of the LTE PUCCH format 1a (i.e., 36 bits, as shown in Table 2). In column 4, we have highlighted the A/N bits requirements when the multiple ACK/NACK feedback bits per TB scheme is employed and when maximum TBS is encountered. In case of maximum TBS there is only one TB (and also one UE) in a TTI, the overall A/N size required is thus equal to the number of CB segments in the TB. By comparing the numbers in column 3 and column 4, we can find all the exemplified NR schemes are capable to have per-CB HARQ ACK/NACK feedback with only one PUCCH RB using the PUCCH format with least capacity (i.e., format 1a). 

Observation 5: When maximum TBS is encountered, the NR schemes are capable to have per-CB HARQ ACK/NACK feedback with only one PUCCH RB using the PUCCH format with least capacity.
The general formula for evaluating the overall ACK/NACK bits required is given by
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In fact, the largest A/N size needs to be reserved for HARQ feedback is determined by the extreme case when the max number of UE occurs (i.e., UE number = RB number, each UE occupies only a RB and has a single-bit HARQ ACK/NACK). In Table 4, we summarize the number of PUCCH RB’s required for this extreme case.
Table 4. PUCCH requirement for the extreme case of maximum UE number.
	
	Target A/N bits with
max UE number
	Required PUCCH RB number
	Overhead ratio (relative to the number of total RB’s) 

	LTE 
	100 
	3 
	3% 

	NR Scheme1 
	100 
	6 
	6% 

	NR Scheme2 
	125 
	7 
	5.6% 

	NR Scheme3 
	125 
	2 
	1.6% 

	NR Scheme4 
	250 
	4 
	1.6% 


In the above table, the overhead ratio (column 4) is equal to the required PUCCH RB number (column 3) divided by the total RB number (column 6 in Table 1), where the required PUCCH RB number is calculated from the target A/N bits (column 2) and the A/N capacity per PUCCH RB (column 3 in Table 3). Note that the extreme case is irreverent to whether the proposed multi-bit per-CB approach or conventional single-bit HARQ feedback scheme is employed. The largest A/N size is the same for both the proposed and the conventional HARQ feedback methods. In other words, the proposed multiple ACK/NACK feedback bits per TB scheme does not incur any increase in the PUCCH HARQ feedback size that needs to be reserved. In table 4, we also observe that for the two NR schemes (scheme 3 and scheme 4) in which both the RB size and the RB number are larger than that in LTE, the overhead ratios are reduced as compared to LTE. This means in these NR schemes there can be a larger portion of resources for data (PUSCH) transmission.

Observation 6: The largest HARQ feedback size that needs to be reserved is determined by the extreme case when the UE number equals the RB number. This size is irreverent to whether the proposed or the conventional HARQ feedback scheme is employed, i.e., the proposed multi-bit approach does not incur any increase in the feedback size that needs to be reserved.
Observation 7: With larger RB size and more RB’s in NR, the overhead percentage for HARQ feedback signalling is reduced.
Proposal 1: With impressive performance gain and non-increasing overhead requirement compared to legacy single-bit approach, multiple ACK/NACK feedback bits per TB should be supported in NR.
5
Conclusion
In this contribution, we evaluate the throughput gain of the multiple-bit HARQ ACK/NACK feedback scheme over the conventional single-bit approach in LTE. We further analyze the feedback size requirements of the multi-bit scheme. Our observations are listed below: 

Observation 1: Maximum CB number in NR is about 4 times of that in LTE. NR data throughput would be severely degraded with only one HARQ-ACK bit feedback per TB.
Observation 2: Multiple ACK/NACK feedback bits per TB scheme has throughput benefit over legacy single ACK/NACK feedback bit scheme.
Observation 3: Multiple ACK/NACK feedback bits per TB has more gain in dramatically varying channels.  

Observation 4: Following the increase in RB size and RB number for data transmission in NR it is expected to have more resources available for HARQ signal feedback.
Observation 5: When maximum TBS is encountered, the NR schemes are capable to have per-CB HARQ ACK/NACK feedback with only one PUCCH RB using the PUCCH format with least capacity.
Observation 6: The largest HARQ feedback size that needs to be reserved is determined by the extreme case when the UE number equals the RB number. This size is irreverent to whether the proposed or the conventional HARQ feedback scheme is employed, i.e., the proposed multi-bit approach does not incur any increase in the feedback size that needs to be reserved.
Observation 7: With larger RB size and more RB’s in NR, the overhead percentage for HARQ feedback signalling is reduced.
Based the above observations, we have the following proposal:
Proposal 1: With impressive performance gain and non-increasing overhead requirement compared to legacy single-bit approach, multiple ACK/NACK feedback bits per TB should be supported in NR.

6
References
[1] R1-1610750, “WF on HARQ feedback for eMBB”, MediaTek, Aug. 2016.
[2]
RAN1#86 Chairman’s notes.
[3] RAN1#86bis Chairman’s notes.

[4] R1-1612132, “High performance and area efficiency LDPC design with compact proto-matrix”, MediaTek, Nov. 2016.
[5] R1-1612137, “Discussion on throughput enhancement with multiple HARQ-ACK/NACK bits per TB”, MediaTek Inc., November 2016










3GPP


_1539721694.unknown

_1545077690.unknown

