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1	Introduction
This contribution proposes enhancements for the hybrid automatic repeat request (HARQ) functionality in order to enable efficient handling of large transport block sizes in 5G new radio (NR). We propose use of dynamically configurable multi-bit HARQ feedback that will help the transmitter to generate a more efficient retransmission by omitting the un-necessary parts. In other words, the transmitter will use a multi-bit feedback in order to only retransmit the parts from a large transport block that have failed in the decoding process and this way it will increase the resource utilization efficiency. The proposals are mainly aimed to support high data rate requirements e.g., in the case of eMBB traffic [1]. The following agreements have been made in RAN1 #86bis regarding HARQ operation and possible transmission time interval (TTI) durations:
Agreements: (RAN1 #86bis)
· 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.
· Sub-frame duration is fixed to 1ms
· Reference numerology for defining subframe duration is 15 kHz

Section 2 discusses the motivations for HARQ enhancements for handling large transport block sizes; Section 3 outlines the proposals regarding configurable content for the multi-bit HARQ feedback; Section 4 outlines further proposals regarding dynamic configuration of the size of feedback for HARQ; finally Section 5 concludes the contribution with a set of observation and proposal points.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]2	Motivation
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]The carrier bandwidth for 5G new radio is estimated to increase to up to 100 MHz for below 6 GHz bands and even to values of GHz in case of millimeter wave bands [1]. Therefore, scheduling over the full transmission bandwidth could result in very larger transport block size (TBS). A transport block (TB) if larger than a certain limiting number of information bits (e.g., 6144 bits in the case of LTE), gets segmented into several code blocks (CBs) so that each code block size (CBS) is smaller or equal to that limit. The segmentation process is considered an effective approach to limit the complexity of encoding/decoding which is known to be increasing with block length. In LTE e.g., TBS can get as large as 97896 bits (i.e., 16 CB’s) according to [2, Table 7.1.7.2.1-1] for a 20 MHz carrier bandwidth with maximum 110 PRB allocation size. The LTE TBS can further increase to larger values in case of more than one spatial multiplexing transmission layer. Casting similar numbers into expected 5G carrier bandwidths will result in expected TBS of up to 50 or larger CB’s to support high data rates e.g. for the case of eMBB traffic [1].    
· Observation 1: 5G new radio is expected to support increasingly larger transport block sizes as compared to LTE. This will result in a larger number of code block segments per transport block. 
In regard with HARQ functionality the immediate effect of larger TBS is a larger retransmission penalty in case of failed decoding of a transport block. Normally, a HARQ feedback is ACK if all of the CB’s in a TB are successfully decoded and it is NACK if one or more of the CB’s will fail in decoding. This means that if NACK is reported based on TB cyclic redundancy check (CRC) even a single failed CB will trigger retransmission of all CB’s. As we will propose in this contribution a bonus benefit of the TB segmentation process (which is not captured by LTE) is efficient resource utilization in HARQ functionality that can be enabled by means of reporting extra information over feedback channel. In other words, a multi-bit and configurable HARQ feedback can point more precisely to the erroneous segments of a TB and trigger an efficient retransmission by skipping retransmission of successfully decoded CB’s. Assuming a large TB with  CB’s where only three of the CB’s have failed in CRC check, Fig. 1 compares the two different retransmission scenarios; (a) when a multi-bit feedback informs the transmitter about the failed segments of the TB and only those failed parts will be retransmitted, and (b) where as the result of the failed CB’s only a single-bit NACK is transmitted and the whole TB will be retransmitted. 
· Observation 2: Using a configurable multi-bit feedback, HARQ process can perform more efficiently by skipping the correctly decoded segments of the transport block in the retransmission.  
The smaller retransmission size as compared to the initial transmission as offered in scenario (a) in Figure 1, will free-up radio resources that can be used for initial transmission or retransmission of other TB(s) to a different user (or the same user, if it is supported by the UE to receive multiple HARQ processes in a TTI). 
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Figure 1: Comparison of retransmission resources of two different scenarios; (a) using multi-bit HARQ feedback, and (b) using single bit ACK/NACK feedback
Motivated by the above observation and the expected performance gain offered by multi-bit NACK for HARQ, the following are proposed:
· Proposal 1: 5G NR HARQ operation shall support multi-bit feedback that conveys more detailed information on the cause of transport block decoding failure
· Proposal 2: 5G NR shall enable partly-retransmission of transport blocks through skipping the successfully decoded segments of the transport block.
3	Configurable content of multi-bit feedback
By means of CRC check for the code block segments, the receiver node can separate the successfully decoded CB’s from the failed ones. As a trivial approach, the receiver could potentially share this information with the transmitter node by using per-CB ACK/NACK reporting. However, this approach will impose large control channel signaling overhead to the communication link. Therefore, it is desirable to keep the feedback size to a limited number of bits while configuring it’s content to be the most useful information for the transmitter node towards an efficient retransmission setup.
· Observation 3: The HARQ feedback size is desired to be a limited number of bits while configuring its content to be the most useful information for the transmitter node towards an efficient retransmission setup. 
Link-level simulations for LTE PDSCH over different multipath channel models [5] are presented in Fig. 2 in an interference-free scenario. It is shown that at the 10% TB BLER point of SNR, it is more likely that a TB NACK is the result of one or few erroneous CB’s than the whole transport block failing. A similar trend can be expected for different MCS setup. In the presence of interference this behavior is likely to change depending on interference power and its localization over the time-frequency resources. Following this discussion, several different scenarios can be imagined regarding the error pattern in a failed large TB. The following are a few examples:
· One or a few of the CB’s will fail in CRC check: this could e.g. happen as a result of bursty interference over parts of the allocated radio resources to the TB. In this case, the most useful information for the transmitter node is the index of the failed CB’s. The transmitter will then set up a retransmission only for the failed CB’s.
· One or a few of the physical resource blocks (PRB’s) or sub-bands in the wideband TB transmission will face deep low SINR as a result of deep fade or localized interference: this could be the case e.g. when channel quality over the failed PRB is unexpectedly different from the reported CQI due to e.g. interference. In this scenario it is in the best interest of the retransmission efficiency to report the index(es) of the failed PRB’s (or sub-bands) to the transmitter. The transmitter in this case will only retransmit the parts of the TB that are affected by failed sub-bands and this way it will save up on the retransmission resources.
· All –or majority— of the CB’s fail in CRC check: this scenario can happen e.g. as a result of erroneous CQI reporting followed by demanding modulation and coding rate setup by the transmitter. In this situation, the most useful information for the transmitter to be sent over the feedback channel is the decoder state information (DSI) at the receiver node as proposed in [4]. The DSI can inform the transmitter on “how close” the decoder is to a successful decoding of the TB. The transmitter node can then retransmit all the CB’s while modifying the retransmission size to as much as it is needed at the decoder for a successful decoding (considering HARQ combining gain).
Following the examples above, it can be seen that the information conveyed over multi-bit feedback can be chosen differently depending on the CRC check of the CB’s. Therefore, for the multi-bit feedback to be most useful to the transmitter node, it is desirable for the receiver to have the flexibility to choose content based on the transmission scenario. For example, if a single CB is in error, it will feed back the CB index. If two PRBs are impacted, it will feed back the PRB indices..
· Observation 4: Depending on the CRC check of the code blocks the most useful information to be reported back to the transmitter may include e.g., index(es) of failed code block(s), index(es) of failed PRB(’s), decoder state information, etc. 
Given the above observations, the following is proposed:
· Proposal 3: The content of a multi-bit HARQ feedback can be flexibly chosen based on the decoding results in order to capture the most useful information that can fit the limited available number of feedback bits. 
4	Dynamically configurable feedback size
Following the increase in the carrier bandwidth for data transmission in 5G, it is expected to have more resources available for control signaling too. For example, in case of TDD deployment assuming one OFDM symbol for control channel will potentially increase the available resources for control signaling by the carrier bandwidth increasing. For example, in the latter example scenario increasing carrier bandwidth from 10 MHz to 100 MHz will scale up the potential control channel resource by 10 times assuming the similar feedback overhead ratio. Therefore, it is possible to allow more bits for HARQ feedback with the TBS increasing to capture the resource efficiency benefits of the enhanced HARQ retransmission. Furthermore, the number of bits needed to report the indexes of erroneous CB’s varies depending on the TBS. For example, Table 1 shows how the number of bits needed to report indexes of one or two erroneous CB’s increases by TBS increasing.
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Bandwidth: 20 MHz
Number of PRB: 100
Modulation: 16QAM
Coding rate: 0.9
Multi-path channel model: 
(a) Extended Typical Urban model with 70 Hz 
maimum
 Doppler frequency
(b) Extended Vehicular 
A
 model with 5 Hz 
maimum
 Doppler frequency
)
Figure 2 - Decoding failure performance of different CB's in a large TB
· Observation 5: The available control channel size for HARQ feedback is expected to increase with increased carrier bandwidth assuming the same overhead ratio. Therefore, HARQ feedback can potentially use more bits for larger transport block sizes, in order to report e.g. indexes of the failed CB’s.
A similar observation could be made for the number of bits needed to report PRB indexes in a wideband TB transmission. For example, assuming groups of 5 PRB’s over a wideband transmission with 100 PRB’s (i.e., 20 groups of 5) will require 5 bits to report index of one of the PRB groups and 8 bits to report two indexes of two PRB groups. These numbers increase respectively to 6 bits and 10 bits if the wideband transmission includes 200 PRB’s (i.e., 40 groups of 5). Therefore, it is desirable to configure the size of feedback semi-statically for each UE or dynamically depending on the TBS, available control signaling resources, etc.
Table 1: Number of bits needed to report failed CB indexes
	Transport block size in # of CB’s
	20
	30
	40
	50
	60

	Bits needed to report one CB index
	5
	5
	6
	6
	6

	Bits needed to report two CB indexes
	8
	9
	10
	11
	11


Given these observations the following is proposed:
· [bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]Proposal 4: The size of a multi-bit HARQ feedback shall be configurable e.g., semi-statically for each UE or determined based on transport block size.
5	Conclusion
The contribution is concluded by summarizing the observations and the initial proposals for HARQ enhancements towards efficient handling of large transport block transmission, as follows:
· Observation 1: 5G new radio is expected to support increasingly larger transport block sizes as compared to LTE. This will result in a larger number of code block segments per transport block. 
· Observation 2: Using a configurable multi-bit feedback, HARQ process can perform more efficiently by skipping the correctly decoded segments of the transport block in the retransmission.  
· Observation 3: The HARQ feedback size is desired to be a limited number of bits while configuring it’s content to be the most useful information for the transmitter node towards an efficient retransmission setup. 
· Observation 4: Depending on the CRC check of the code blocks the most useful information to be reported back to the transmitter may include e.g., index(es) of failed code block(s), index(es) of failed PRB(’s), decoder state information, etc. 
· Observation 5: The available control channel size for HARQ feedback is expected to increase with increased carrier bandwidth assuming the same overhead ratio. Therefore, HARQ feedback can potentially use more bits for larger transport block sizes, in order to report e.g. indexes of the failed CB’s.
Such observations result in the following proposals:
· Proposal 1: 5G NR HARQ operation shall support multi-bit feedback that conveys more detailed information on the cause of transport block decoding failure
· Proposal 2: 5G NR shall enable partly-retransmission of transport blocks through skipping the successfully decoded segments of the transport block.
· Proposal 3: The content of a multi-bit feedback can be flexibly chosen based on the decoding results in order to capture the most useful information that can fit the limited available number of feedback bits. 
· Proposal 4: The size of a multi-bit HARQ feedback shall be configurable e.g., semi-statically for each UE or determined based on transport block size.
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