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1	Introduction
For the HARQ operation in 5G NR we propose the use of multi-bit HARQ acknowledgement 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 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 following agreements have been made in RAN1 NR AH and RAN1 #86bis regarding HARQ operation and multi-bit feedback content:
Agreements: (RAN1 NR AH January 2017)
· HARQ-ACK feedback with one bit per TB is supported.
· RAN1 will down select following options to utilize HARQ-ACK feedback with more than one bit per TB until the next meeting
· Option 1: CB-group based re-transmission
· Option 2: Decoder state information feedback
· Option 3: CB-level outer erasure code
· Option 4: Any combination of Option 1-3
· Other options are not precluded
· The largest info block size supported by LDPC encoder Kmax and the largest shift size Zmax defined for a H matrix are selected from the following set of {Kmax, Zmax} pairs: 
· {8192, 256}, {8192, 512}, {8192, 1024},
· {FFS near 8192, 320}, {FFS near 8192, 384}
· The exact {Kmax, Zmax} pair to be selected from the above 5 at RAN1#88
Agreements: (RAN1 #86bis)
· 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.
Section 2 discusses the motivations for HARQ multi-bit feedback; Section 3 discusses options of code block based and code block group based acknowledgement; Section 4 outlines further options regarding the content of a multi-bit HARQ feedback; Section 5 discusses the configuration of HARQ feedback size; finally Section 6 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][bookmark: _GoBack]The maximum component carrier (CC) bandwidth for 5G new radio is estimated to increase to 100 MHz or more (e.g., up to 400 MHz or up to 1000MHz) [1]. Therefore, NR scheduler is expected to face much larger transport block sizes (TBS’s) as compared to LTE technology. A transport block (TB) if larger than a certain limiting number of information bits (e.g., 6144 bits in the case of LTE or near 8192 bits FFS in the case of NR), 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. 
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 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. The smaller retransmission size as compared to the initial transmission will free-up radio resources that can be used for other transmissions. 
· Observation 2: Using a multi-bit feedback, HARQ process can perform more efficiently by skipping the correctly decoded segments of the transport block in the retransmission.  
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 shall support partly-retransmission of a transport block by skipping at least some of the successfully decoded segments in the HARQ retransmission.
3	CB and CBg based HARQ acknowledgment
The multi-bit HARQ feedback can in theory acknowledge each CB separately. However, the feedback bits are costly in terms of utilized resources due to higher order of repetition in the physical layer that is deployed for high feedback channel reliability. Therefore, it is desired to keep the feedback size to a limited number of bits that carries the most useful information for the transmitter node in order to enable an efficient retransmission setup. For a feedback size smaller than the number of CB segments in the TB the straight-forward option is to report a bundled HARQ acknowledgement per code block group (CBg) where the number of CBg’s is determined by the feedback size. Different attributes of such multi-bit feedback including the feedback size, layout of CB’s in CBg’s, etc., can be determined by the network.   
· Proposal 2: 5G NR HARQ operation shall support multi-bit feedback to enable code block group (CBg) based acknowledgment 
· Observation 3: Multi-bit feedback parameter setup such as the feedback size and feedback content configuration can be controlled semi-statically by the network.
4	More options for the multi-bit feedback content
The optimal content for a multi-bit HARQ feedback differs depending on the case. A few examples are studied in the link-level simulation results in Fig.1 for LTE PDSCH over different multipath channel models [3] in an interference-free scenario. The results show the chances of different number of failed CB’s causing a TB bundled NACK against the range of SINR. The summarized results is presented in Table 1 for the two SINR points with 10% and 20% average BLER.
Table 1 - Summary of the results from Figure 1 for two SINR points providing 10% and 20% 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. Therefore, in such channel conditions reporting a single CB index over the feedback channel can significantly increase retransmission resource utilization. Table 2 shows the number of bits required to report one CB index or two CB indexes which differs depending on the TBS. In the case where a single failed CB causes a TB bundled NACK the CBg based HARQ acknowledgement with CBg based HARQ retransmisson can reduce the utilized resources by the retransmission to a CBg hence, partly providing the resource utilization efficiency gain of CB index reporting approach. 
Table 2: 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


· Observation 4: In fastly varying channel conditions a single or a few CB failures is highly likely to be the root cause of TB failure hence, making the options of HARQ ACK per CBg or reporting failed CB indexes suitable content for the multi-bit HARQ feedback.
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Figure 1 - Link-level simulation study: chances of different number of failed CB's causing a bundled TB NACK
In contrast, for slowly varying channel conditions (e.g., Fig. 1-c) the chances are high that a TB bundled NACK is caused by the failure of all or majority of the CB’s in the TB. In such scenario, due to the concurrent failure of multiple CB’s the CBg based HARQ acknowledgement is likely to trivially trigger full TB retransmission. Therefore, the most useful information for the transmitter in such cases 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 the optimal redundancy size that is needed at the decoder for a successful decoding (considering HARQ combining gain). 
Furthermore, for the case of URLLC traffic due to stringent latency requirements more than one HARQ retransmission is not a feasible option thus reliability of the potential first HARQ retransmission is vitally important. As a result, the attributes of a URLLC packet retransmission should be carefully set up to reduce chances of failure calling for a more precise decoder state report over the HARQ feedback channel. Hence, the DSI-rich feedback is suitable for the case of URLLC traffic where the packet size is limited (expected one CB per TB) but the reliability requirements are critically demanding.   
· Observation 5: Depending on the CRC check of the code blocks the most useful feedback to be reported back to the transmitter may include e.g., index(es) of failed code block(s), index(es) of failed code block group(s), decoder state information, etc.
· Observation 6: A decoder state information (DSI) -rich feedback content can enhance the performance of adaptive HARQ by enabling adaptive-length redundancy matching.
· Proposal 3: 5G NR shall support the option of reporting decoder state information (DSI) over multi-bit HARQ feedback as a means to improve the link performance by enabling adaptive-length redundancy matching. 
5	Variable feedback message 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 assuming the same 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. The feedback signaling in the UL can however be demanding in terms of UE resources. Therefore, the size of a multi-bit feedback should be determined while carefully considering the trade-off between shared channel resource utilization efficiency and the UE effort for feedback signaling.  
· Proposal 4: The size of a multi-bit HARQ feedback for a large size TB (10 or more CB’s) shall be semi-statically configured or derived from semi-static configuration per UE, considering multi-bit HARQ feedback word sizes of 1 bit and 4-10 bits.
Normally, due to HARQ combining gain it is expected to increase the decoding success rate of a packet by each retransmission. This implies that utilization of a multi-bit HARQ feedback could be limited to only after the initial transmission of the packet. This way, for the second and the following retransmissions one can stick to the single-bit ACK/NACK report to save up on the uplink feedback resources. Hence, the number of bits available to the feedback message is desired to be configurable through the HARQ process. 
· [bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]Proposal 5: A configurable number of feedback bits through the HARQ process for a transport block shall be supported. E.g., the initial transmission can be followed by a multi-bit HARQ feedback while the potential following retransmissions will only require a single-bit ACK/NACK feedback. 
6	Conclusion
The contribution is concluded by the following observations and proposals:
· 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 multi-bit feedback, HARQ process can perform more efficiently by skipping the correctly decoded segments of the transport block in the retransmission.  
· Proposal 1: 5G NR shall support partly-retransmission of a transport block by skipping the successfully decoded segments in the HARQ retransmission.
· Proposal 2: 5G NR HARQ operation shall support multi-bit feedback to enable code block group (CBg) based acknowledgment 
Observation 3: Multi-bit feedback parameter setup such as the feedback size and feedback content configuration can be controlled semi-statically by the network.
· Observation 4: In fastly varying channel conditions a single or a few CB failures is highly likely to be the root cause of TB failure hence, making the options of HARQ ACK per CBg or reporting failed CB indexes suitable content for the multi-bit HARQ feedback.
· Observation 5: Depending on the CRC check of the code blocks the most useful feedback to be reported back to the transmitter may include e.g., index(es) of failed code block(s), index(es) of failed code block group(s), decoder state information, etc.
· Observation 6: A decoder state information (DSI) -rich feedback content can enhance the performance of adaptive HARQ by enabling adaptive-length redundancy matching.
· Proposal 3: 5G NR shall support the option of reporting decoder state information (DSI) over multi-bit HARQ feedback as a means to improve the link performance by enabling adaptive-length redundancy matching. 
· Proposal 4: The size of a multi-bit HARQ feedback for a large size TB (10 or more CB’s) shall be semi-statically configured or derived from semi-static configuration per UE, considering multi-bit HARQ feedback word sizes of 1 bit and 4-10 bits.
· Proposal 5: A configurable number of feedback bits through the HARQ process for a transport block shall be supported. E.g., the initial transmission can be followed by a multi-bit HARQ feedback while the potential following retransmissions will only require a single-bit ACK/NACK feedback. 

In summary, our preferred solution for multi-bit HARQ feedback is the combination of “Option 1: CB-group based re-transmission” and “Option 2: Decoder state information feedback”. But if there is a strong desire to down-select, we think Option 1 alone can be supported in Rel-15, while Option 2 can be further considered for future releases.
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