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1	Introduction
For the HARQ operation in 5G NR the following has been agreed to be supported in [1].
“Code Block Group (CBG)-based transmission with single/multi-bit HARQ-ACK feedback is supported, which shall have the following characteristics:
· Only allow CBG based (re)-transmission for the same TB of a HARQ process
· CBG can include all CB of a TB regardless of the size of the TB. In such case, UE reports single HARQ ACK bit for the TB
· CBG can include one CB
· CBG granularity is configurable”
We propose the use of single-bit and multi-bit HARQ feedback per CBG that will help the transmitter to decide on the retransmitting CBGs by omitting the un-necessary parts of the TB. Link-level simulation analysis are presented in this contribution that demonstrates the potential resources saving gains provided by multi-bit HARQ feedback.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Section 2 discusses the transport block size in NR and the implications on the expected number of CBs and CBGs; Section 3 presents link-level simulation study on large TBS error performance; finally, Section 4 concludes the contribution with a set of observation and proposal points.
2	NR transport block size
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]The following assumptions and agreements have been taken by RAN1 for Rel-15 according to [1]. 
· The maximum channel bandwidth per NR carrier is 400 MHz in Rel-15 and RAN1 must specify the details for channel bandwidth at least up to 100 MHz per NR carrier in Rel-15
· The maximum number of subcarriers per NR carrier can be 3300 or 6600 in Rel-15 at least for single numerology case
· A subframe duration is fixed to 1ms 
· A slot is defined as 7 or 14 OFDM symbols for the same subcarrier spacing of up to 60 kHz with normal CP and as 14 OFDM symbols for the same subcarrier spacing higher than 60 kHz with normal CP. Scalable numerology should allow at least from 15 kHz to 480 kHz subcarrier spacing.
· Slot aggregation is supported, i.e., data transmission can be scheduled to span one or multiple slots.
· At least above 6 GHz, mini-slot with length 1 symbol supported.
We adopt the above guidelines to calculate the expected transport block size (TBS) when only data channel is scheduled over physical resources in case of single-carrier transmission with one spatial multiplexing transmission layer. The following table summarizes the expected TBS in case of transmission time intervals including mini-slot with 1 symbol, slot with 7 symbols, slot with 14 symbols and slot aggregation with 4×14 symbols. We assume a maximal spectral efficiency of 5.8 bits per sec per Hz. We further assume that each CB segment contains at most 8192 bits (the exact maximum CB sement length is currently FFS in NR). It is worth mentioning that in LTE, TBS can be as large as 97896 bits (i.e., 16 CB’s with 6144 max CB size) according to [2, Table 7.1.7.2.1-1] for a 20 MHz carrier bandwidth with maximum 110 PRB allocation size.

Table 1 - Different NR TTI scenarios and the corresponding TBS
	Transmission time interval
	Number of OFDM symbols
	Maximum number of subcarriers
	Number of PRBs
	Number of RE
	TBS
	Number of CB segments

	mini-slot with 1 symbole
	1
	3300
	275
	3300
	19140
	3

	
	
	6600
	550
	6600
	38280
	5

	Slot with 7 symbols
	7
	3300
	275
	23100
	133980
	17

	
	
	6600
	550
	46200
	267960
	33

	Slot with 14 symbols
	14
	3300
	275
	46200
	267960
	33

	
	
	6600
	550
	92400
	535920
	63

	Slot aggregation level 4
	56
	3300
	275
	184800
	1071840
	131

	
	
	6600
	550
	369600
	2143680
	262



Based on the calculations in Table 1 the TTI duration of 1 ms with carrier bandwidth of 100 MHz (550 PRBs considering subcarrier spacing of 15 kHz) can fit up to 63 CB segments. Slot aggregation is agreed to be supported in NR which can increase TBS to even larger than 100 CBs. This will raise the following observation:
· Observation 1: 5G NR supports carrier bandwidth of up to 400 MHz with slot aggregation in time domain which will result in a larg number of CB segments per TB. 
3	Link-level analysis of TB error performance
The link-level simulation results in Fig.1 are for LTE PDSCH over different multipath channel models [3] in an interference-free scenario. The results show the chances of different number of failed CBs causing a TB bundled NACK against the range of SINR. The results are summarized in Table 1 for the two target SINR points with 10% and 20% average BLER.
Table 2 - Summary of the results from Figure 1 for target SINR points with 10% and 20% TB BLER
	SINR point
	Cause of TB NACK
	ETU300
	EVA70
	EPA5

	10% BLER target SINR
	1 failed CB
	82%
	61%
	25%

	
	1 or 2 failed CB’s
	95%
	77%
	47%

	20% BLER target SINR
	1 failed CB
	63%
	46%
	15%

	
	1 or 2 failed CB’s
	80%
	63%
	35%


The results in Table 1 show that in fastly time-varying channel conditions such as the ETU300 a TB bundled NACK is highly-likely caused by only one failed CB. For instance at the 10% TB BLER point of SNR, a single failed CB is the root cause for 82% and 61% of reported TB bundled NACKs respectively for the ETU300 and EVA70 channel models. For the case of EPA5 channel model with slowly varying channel conditions the chances of having one or two failed CBs causing a TB bundled NACK is 47% at the 10% BLER target SINR point. Therefore there is a highe potential for saving retransmission resources in all of the tested channel models.
For a multi-bit feedback with the same number of bits as the number of CBs the retransmission can be reduced to only carry the failed CBs. CRC check in CB level can be used for error detection in each CB. Moreover, CRC check at the CB level can be also used for to create a bundled acknowledgement at CBG level. Therefore, a CBG level acknowledgement will be ACK if the CRC check for all the CBs in the given CBG are ACKed and the CBG will be NACKed otherwise. A configurable number of CBGs will be supported per TB. Assuming CBG based ACK/NACK with CBG based retransmission a higher number of CBGs will result in higher efficiency in retransmission resources while it will require more number of feedback bits causing an increase in feedback channel overhead. Therefore, a trade-off between the number of CBG per TB (i.e., number of feedback bits) and the retransmission resources savings is crucial.
· Observation 2: Using a multi-bit feedback for CBG based acknowledgement, HARQ process can perform more efficiently by skipping the correctly decoded CBGs in the retransmission.  
Motivated by the above observation and the expected trade-off between retransmission resource utilization and number of feedback bits we evaluate the link-level performance resulting from CBG-based HARQ feedback.
Simulation parameter setup
TBS = 7567 Bytes (10 CB segments)
Numerology: LTE-alike
Carrier bandwidth: 20 MHz
Number of PRB: 100
Modulation and coding scheme: MCS22
Number of useful OFDM symbols per 1 ms: 14
Channel estimation: Ideal
Antenna scheme: SISO
Channel coding: Turbo with basic rate 1/3

Figure 1 - Chances of having different number of failed CB's causing a bundled TB NACK

Powered by a multi-bit HARQ feedback, the retransmission size can potentially convey less CBs as compared to the initial transmission by omotting the correctly decoded CBs in the retransmission. Assuming that retransmission of a CB takes the same resource size as the initial transmission we calculate the ratio of the retransmission resources that can be saved by a multi-bit feedback. The retransmission resource saving ratio is calculated as follows:

where  denotes the number ot CB segments in TB. The value of such metric will be equal to zero for the case of single-bit feedback while for the case of multi-bit feedback its value increases however it is always less than 1. In Fig. 2 the retransmission resource saving ratio is shown for different number of feedback bits. We assume a slot-aggregation scenario where multiple 1 ms slots can be used for a single TB and the number of CBGs are configures to be the same as the number of feedback bits.
The results in Fig. 2 are accompanied with the TB BLER curve that demonstrates the target BLER points over range of SINR. For instance, in the EVA70 channel model for 20% TB BLER attractive savings of more than 60% in retransmission resources are offered by using 5 CBGs (i.e., 6 CBs per CBG). Moreover, using 10 bits of feedback (i.e., 3 CBs per CBG) the offered savings are higher than 80% of the retransmission resources at 30 dB SINR point for ETU300 and EVA70 channel models. The resources savings are assumed for the scenario when retransmission of a CB takes the same resource size as the initial transmission however, using adaptive HARQ retransmission can increase the resources savings offered by variable-length redundancy matching [3]. Thus both single-bit and multi-bit feedback per CBG can increase resource utilization efficiency of HARQ operation. Powered by the above observations we propose the following to NR RAN1:
· Proposal: 5G NR shall enable single-bit and multi-bit feedback per CBG for the HARQ functionality and further investigate CBG configuration to enable efficient retransmission resource utilization.




Simulation parameter setup
TBS = 22701Bytes (30 CB segments)
Numerology: LTE-alike
Carrier bandwidth: 20 MHz
Number of PRB: 100
Modulation and coding scheme: MCS22
Number of useful OFDM symbols per 1 ms: 14
Channel estimation: Ideal
Antenna scheme: SISO
Channel coding: Turbo with basic rate 1/3

Figure 2 - Retransmission resources savings ratio against SINR for different number of CBGs

[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]4	Conclusion
The contribution is concluded by the following observations and proposals:
· Observation 1: 5G NR supports carrier bandwidth of up to 400 MHz with slot aggregation in time domain which will result in a larg number of CB segments per TB.
· Observation 2: Using a multi-bit feedback for CBG based acknowledgement, HARQ process can perform more efficiently by skipping the correctly decoded CBGs in the retransmission.  
· Proposal: 5G NR shall enable single-bit and multi-bit feedback per CBG for the HARQ functionality and further investigate CBG configuration to enable efficient retransmission resource utilization. 
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