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1. Introduction
One of the key changes for the HARQ design in 5G NR systems is the support of multiple HARQ-ACK feedback bits. CBG-based transmission with single/multi-bit HARQ-ACK feedback has been under consideration for the past few meetings. It has been confirmed in RAN1 #88b to support CBG, as well as a few other design details. Specifically, it is agreed that
Agreements:
· Confirm the working assumption as below.

· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, 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 the such case, UE reports single HARQ ACK bits for the TB

· CBG can include one CB

· CBG granularity is configurable

Agreements:
· The UE is semi-statically configured by RRC signaling to enable CBG-based retransmission.

· The above semi-static configuration to enable CBG-based retransmission is separate for DL and UL.

Agreements:
· For grouping CB(s) into CBG(s), the following options can be considered.

· Option 1: With configured number of CBGs, the number of CBs in a CBG changes according to TBS.

· FFS for the case of re-transmission or the case when the number of CBs is smaller than the configured number of CBGs

· Option 2: With configured number of CBs per CBG, the number of CBGs changes according to TBS.

· Option 3: The number of CBGs and/or the number CBs per CBG are defined according to TBS.

· FFS: for the case of re-transmission

· FFS on details of each option

· FFS: CBG is approximately aligned with symbol(s)

· Other options are not precluded

Based on the agreements, we discuss further design details regarding the CBG-based retransmission scheme in this contribution.
2. Discussions
In 5G NR systems, enhanced mobile broadband (eMBB), ultra-reliable and low-latency communications (URLLC), and massive machine-type communications (mMTC) have been identified as the three major application scenarios. In general, higher transmission reliability and lower latency are simultaneously targeted for 5G NR systems. HARQ is an essential physical layer transmission technique in modern communication systems, where retransmissions are requested by the receiver by sending a HARQ feedback message in the case of decoding failure. To meet various stringent design targets, HARQ will continue to play a key role in NR. The requirement to serve URLLC and eMBB data simultaneously for a gNB leads to the possibility that the eMBB data is punctured by the URLLC data. To help the victimized UE receiving punctured data improve the probability of successful decoding, it has been agreed that the gNB can dynamically notify the UE of the fact that the DL data has been punctured. The signalling details are currently under study [1]. Multi-bit HARQ-ACK feedback is partly motivated by the fact that the eMBB transmissions could be punctured from time to time. To the receiving UE, having a part of the DL data being punctured is tantamount to experiencing a strong bursty interference at the punctured time-frequency resource. It is thus a reasonable approach for the UE to indicate the corrupted code blocks back to the gNB, and have the gNB retransmit only the indicated code blocks. Another motivation for supporting multi-bit HARQ-ACK is simply due to the largely increased number of code blocks in NR systems. The number of code blocks in a NR system could potentially reach 80 [2]. With only one code block failing decoding, retransmitting all of the code blocks is clearly unnecessary.
Observation 1: The CBG-based approach is an effective way to further improve the spectral efficiency.
One of the major design issues regarding CBG-based feedback/retransmission is how the number of CBGs, or alternatively, the number of CBs in one CBG, is determined. Clearly the decision on the number of CBGs should take the current transport block size (TBS) in to account; while it seems to be a reasonable choice to divide a TB consisting of 50 CBs into 5 CBGs, it does not make much sense to do the same on a TB consisting of only 5 CBs. Besides, it has been shown that to obtain the maximum performance gain, the number of CBGs should be determined based on the channel characteristic. Intuitively, the faster the channel varies, the more CBGs a TB should be divided into. It is thus obvious that the determination on the optimal number of CBGs should at least be determined on a dynamic basis.
Proposal 1: Preclude any option for grouping CB(s) into CBG(s) that is not varied on a per-transmission basis.
Option 1 and option 2 both incorporate a configured number of CBGs or CBG size, and dependence on the TBS. The total number of CBGs determines the number of HARQ-ACK bits that the UE should feed back. For both option 1 and option 2, since the gNB and the UE agree on the current configuration and the TBS, the gNB can expect the correct length of the HARQ-ACK feedback. However, the gNB could still fail to correctly decode the HARQ feedback from the UE. The gNB then proceeds to perform a retransmission, possibly the incorrect CBGs, to the UE. This could seriously corrupt the HARQ buffer at the UE side, as the following figure illustrates. No matter which option for grouping CBs is agreed in the end, for robustness the retransmitted CBGs should be indicated in the DCI for retransmission.
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Fig. 1. The gNB misinterprets the HARQ-ACK feedback and makes an incorrect retransmission without the UE’s knowing it.
Proposal 2: The gNB explicitly indicates the retransmitted CBGs in the DCI.
As explained previously, the number of CBGs for a transmission, the HARQ-ACK feedback length, as well as the length of the CBG indication field in the retransmission DCI shall change dynamically on a per transmission basis. This results in a varying-length DL DCI, since the field for indicating the transmitted CBGs is not a constant, or at least has to be derived after obtaining the information of the TBS. A varying-length DCI not only complicates the overall system design, it could also result in confusion between the gNB and the UE. Consider the case where the UE feeds back all ACKs for the received CBGs to the gNB, and expecting a DCI for new transmission in the next slot. The gNB, however, misinterprets the feedback as containing a few NACKs. The gNB then sends a DCI for retransmission containing the field for indicating the retransmitted CBGs. Such a scheme would clearly fail. A reasonable approach would be to fix the length of the field for indicating CBGs and always include the field in the DCI as long as the CBG-based (re)transmission scheme is enabled by RRC signaling. The length of the field could be configured along with the RRC signaling, and potentially be the number of CBGs in option 1. The actual number of CBGs/ HARQ-ACK feedback length/number of CBG indication bits is then determined based on the configured number of CBGs and the TBS, preferably via a table look-up.
Proposal 3: Fix the length of the field for indicating CBGs by RRC configuration and always include the field in DCI.
As explained previously, potential misunderstanding of the retransmitted CBGs could arise between the UE and the gNB if the HARQ feedback is not interpreted/decoded correctly at the gNB. Instead of explicitly indicating in the accompanying DCI of the retransmitted CBGs, the gNB can also indicate implicitly/explicity the TBS for each retransmission. In LTE/LTE-A systems the TBS is obtained implicity via a table lookup with the allocated number of PRBs and MCS, and the TBS is not signaled for retransmission since it does not change. With CBG-based retransmission, the actually transmitted size of information changes along with each retransmission. If the retransmission TBS, or equivalently, the number of retransmitted CBs, can also be obained explicitly/implicitly for each retransmission, the UE will be able to distinquish a valid retransmission from an erroneous retransmission as the UE expects a certain number of CBs. In this case, the UE can simply ignore the erroneous retransmission, and sends the HARQ feedback that was sent previously to the gNB again. 
Proposal 4: Consider signaling the number of CBs/CBGs/TBS for each retransmission if a CBG indiation field in DCI proves to cause too much overhead.
3. Conclusions
In this contribution, we have discussed issues related to CBG-based (re)transmission scheme for NR. We have the following proposals:
Proposal 1: Preclude any option for grouping CB(s) into CBG(s) that is not varied on a per-transmission basis.
Proposal 2: The gNB explicitly indicates the retransmitted CBGs in the DCI.
Proposal 3: Fix the length of the field for indicating CBGs by RRC configuration and always include the field in DCI.
Proposal 4: Consider signaling the number of CBs/CBGs/TBS for each retransmission if a CBG indiation field in DCI proves to cause too much overhead.

4. References
[1] Draft Report of 3GPP TSG RAN WG1 meeting #88b.
[2] R1- 1704463, “Considerations on CB grouping for multiple HARQ ACK/NACK bits per TB,” MediaTek
PAGE  
4/4

[image: image1]