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1	Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN1#88bis meeting, the following agreements were made [1].
· 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
· 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.
· For grouping CB(s) into CBG(s), the following options can be considered.
·   CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:
· 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
In this contribution, we would like to discuss the principles in the above CB grouping options for CBG-based transmission with single/multi-bit HARQ-ACK feedback.
2	Motivation
In LTE systems, one HARQ-ACK bit feedback is used for one Transport Block (TB), which consists of several code blocks (CBs). While received TB is not correctly decoded, all CBs would be retransmitted even only one CB is erroneous. The retransmission overhead is proportional to TB size (TBS). In [2], we used NR numerology and LDPC CB size 8000 to calculate the maximum number of CBs for NR systems. The maximum CB number per TB would be about 5 times of that for the LTE system (i.e., 80 CBs per TB). It is expected that NR data throughput would be severely degraded in such scenarios in case the legacy one HARQ-ACK bit feedback for TB is used. Furthermore, in NR systems, URLLC data pre-empting or overlapping eMBB data transmission would destroy several eMBB CBs. To re-transmit whole TB including correct decoded CBs would also degrade the transmission efficiency.
To alleviate the above problems, it is agreed in [1] that CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported Rel-15. It is known two essential parameters, i.e., the CBG number and the number of CBs in a CBG, play essential roles in CBG-based transmissions. Under different situations, the choice of CBG number/CBG granularity may have big impacts on the overall transmission efficiency [3]. It is mentioned in [1] the CBG number/CBG granularity could be acquired/configured in different ways. Based on the ways of selecting the two parameters, various strategies for grouping CB(s) into CBG(s) in the initial transmission/retransmissions could be adopted. In the following sections, we will consider the CB grouping principles in CBG-based transmission with single/multi-bit HARQ-ACK feedback. 
Observation 1: The two parameters, i.e., the CBG number and the number of CBs in a CBG, play essential roles in efficiency of CBG-based transmissions with single/multi-bit HARQ-ACK feedback. 
Proposal 1: Based on the ways of selecting the CBG number and the number of CBs in a CBG, various strategies for grouping CB(s) into CBG(s) can be adopted.
3	CBG-based Transmission with Single/Multi-bit HARQ-ACK Feedback
The data encoding chain for a TB within CBG-based HARQ feedback structure is shown in Fig. 1 [4]. The TB is first attached TB-level CRC bits and then segmented into CBs. After CB segmentation, the CB-level CRC bits are attached to each CB prior to LDPC encoding. lj LDPC encoded CBs are then grouped into one CBG j where the set {lj} can be signalled from higher layer or dynamically signalled by control channel. Once any error is detected in any CB of the CBG, the whole data in that CBG would be re-transmitted. Note that the value lj’s could be set differently for different CBG j’s according to the designated grouping rule. It is understood the CBG grouping rule plays an essential role in CBG-based transmission efficiency hence the corresponding design principles for it should be considered carefully, particularly for different scenarios, initial transmission or retransmissions.




Figure 1. Data encoding chain for CBG-based transmission.
The single/multi-bit HARQ-ACK feedback mechanism is shown in Fig. 2 [5]. The HARQ feedback is composed of:
· The single-bit ACK/NACK mode: this feedback corresponds to the LTE legacy feedback (i.e., the fallback mode).
· The multi-bit ACK/NACK mode: this feedback is transmitted in order to indicate to the gNodeB the erroneous status of each CBG.
gNodeB can determine whether to use the multi-bit CBG-based HARQ feedback scheme and signal to UE by higher layer or dynamic control channel according to the feedback overhead or the uplink resource. If the multi-bit CBG-based HARQ feedback scheme is not used, the feedback mechanism falls back to legacy one bit HARQ feedback scheme. The multi-bit feedback information can be the bitmap of CBG number. 


Figure 2. Single/multi-bit HARQ-ACK feedback mechanism.
4	Discussion on CB Grouping Principles
In [1], for grouping CB(s) into CBG(s), it is agreed three options could be considered. For each of the options, we present feasible principles as shown below. 
Option 1. With configured number of CBGs
In this option, assuming that the number of CBGs pre-configured by the network is M, the UE is notified this information by the semi-static RRC signaling or system information. In the initial transmission, an M-bit HARQ-ACK feedback region is allocated for each TB regardless of TBS (i.e., one HARQ-ACK bit is allocated for each CBG). Since the CBs are obtained from segmentations of a TB, the number of CBs in a CBG will change according to TBS. 
Denote the number of total CBs in the initial transmission as N0 (where N0 is determined by CB segmentation of TB), there can be different situations depending on the size of N0. If N0 is larger than M, the N0 CBs are divided into M CBGs for transmission (with at least 1 CB per CBG) and M-bit HARQ-ACK feedback is used. A thumb of rule for the division of CBs into CBGs is to let the number of CBs in each CBG as balanced as possible so that the error probability for each CBG is almost identical. On the other hand, if N0 is smaller than M, there can be several approaches for the CB grouping and the corresponding HARQ-ACK feedback. The choice of transmission is indicated by DCI, dynamic signaling, or RRC signaling. The approaches are listed below: 
a. N1 (N1≦N0) CBGs with at least 1 CB per CBG are transmitted and x-bit HARQ-ACK feedback is used, where x is possible from N1 to M. Since both the gNB and UE know the grouping rule (given M and TBS), the HARQ feedback message can be retrieved without ambiguity and hence retransmission can be started correctly.
b. The transmission fallbacks to TB-based transmission with 1-bit HARQ-ACK feedback. Since both the gNB and UE know the fallback rule (given M and TBS), the HARQ feedback message can be retrieved without ambiguity and hence retransmission can be started correctly.
c. A mixed combination (e.g., switching between approach a/approach b depending on the value of N0) is adopted.
For retransmissions, the number of retransmitted CBGs/CBs could be much smaller than that of initial (or previous) transmitted CBGs/CBs. Denote the number of erroneous CBGs in the previous transmission as ME (where ME≦M) and the number of total CBs contained in the ME erroneous CBGs is NE (where NE≦N0), there can be several approaches for the retransmission and the corresponding HARQ-ACK feedback. The choice of retransmission is indicated by DCI or dynamic signaling. The approaches are listed below: 
a. The retransmission uses same CBG configuration (i.e., same number of CBs in a CBG) as the previous transmission. But since only ME CBGs need to be retransmitted, the original value of the number of CBGs in previous transmission (for example, the pre-configured number of CBGs M in initial transmission) is overwritten by the new value ME through DCI/UCI messaging. The corresponding HARQ ACK/NACK also uses ME-bit for feedback.
b. The retransmission always fallbacks to RTB-based transmission, where “RTB” refers to “retransmitted block” which is composed of all retransmitted CBs from all erroneous CBGs, as illustrated in Fig. 3. Retransmission with RTB resembles the conventional TB-based operation. While received RTB is not correctly decoded, all CBs in a RTB would be retransmitted even only one CB is erroneous. In RTB-based transmission, only 1-bit HARQ ACK/NACK feedback is required.
c. The retransmission uses re-grouping of CBs, i.e., the original ME CBGs intended for retransmission are re-grouped to M CBGs with finer granularity (i.e., smaller number of CBs in a CBG). The finer granularity can achieve more efficient PDSCH/PUSCH resource utilization for the retransmission. Also the M-bit feedback message can attain unified feedback operations and the overhead due to DCI/UCI notification can be reduced. The re-grouping rule is pre-known to both the gNB and UE so that the HARQ feedback message can be retrieved without ambiguity and retransmission can be started correctly.
d. A mixed combination (e.g., switching between approach a/approach b/approach c depending on the values of ME or NE) is adopted.
Observation 2: For Option 1, different CB grouping strategies can be adopted for the initial transmission and retransmissions.
Proposal 2: In initial transmission for Option 1, the adopted CB grouping rule can be a division, a fallback, or a mixed approach.
Proposal 3: In retransmissions for Option 1, the adopted CB grouping rule can be same as that in previous transmission, or it can be a fallback, a re-grouping, or a mixed approach.


Figure 3. Illustration of TB and RTB.
Option 2. With configured number of CBGs
In this option, with pre-configured number of CBs per CBG (i.e., the CBG size) the number of CBGs will change according to TBS since the total CBs in a TB are obtained from segmentations of a TB. Therefore, the HARQ-ACK feedback size will also depend on TBS (considering one HARQ-ACK bit is allocated for each CBG). A large HARQ-ACK feedback region needs to be preserved considering the largest TBS. Moreover, some special condition, such as that the number of total CBs is not an integer multiple of the number of CBs per CBG, needs to be processed carefully. A thumb of rule for processing this condition is to let the number of CBs in each CBG as balanced as possible so that the error probability for each CBG is almost identical. The corresponding grouping rule should be known to both the gNB and UE so that the HARQ feedback message can be retrieved without ambiguity and retransmission can be started correctly. 
In the initial transmission if the number of total segmented CBs in a TB is less than the pre-configured CBG size, fallback to TB-based transmission with 1-bit HARQ-ACK feedback should be executed. 
For retransmissions, dynamic DCI/UCI message to indicate the retransmitted allocation in PDSCH/PUSCH is necessary since for each retrial the number of CBGs needs to be retransmitted might be different. Dynamic feedback region allocation according to the number of retransmitted CBGs is also required. Furthermore, fallback to RTB-based transmission with 1-bit HARQ ACK/NACK feedback is possible when the number of retransmitted CBGs is below a threshold. 
Observation 3: For Option 2, different CB grouping strategies can be adopted for the initial transmission and retransmissions.
Proposal 4: In initial transmission for Option 2, the transmission fallbacks to legacy scheme when the number of total segmented CBs is less than the configured number of CBs in a CBG.
Proposal 5: In retransmissions for Option 2, the transmission could fallback to legacy scheme when the number of retransmitted CBGs is below a threshold.
Option 3. With the number of CBGs and/or the number of CBs per CBG defined according to TBS
In this option, the number of CBGs and/or the number of CBs in a CBG can be acquired when TBS/RTB size is given. The possible schemes are summarized as below (where the choice of transmission/retransmission is indicated by DCI, dynamic signalling, or RRC signalling): 
a. For the initial transmission only the number of CBGs is defined according to TBS; for retransmissions only the number of CBGs is defined according to TBS/RTB size.
b. For the initial transmission only the number of CBs in a CBG is defined according to TBS; for retransmissions only the number of CBs in a CBG is defined according to TBS/RTB size.
c. For the initial transmission both the number of CBGs and the number of CBs in a CBG are defined according to TBS; for retransmissions both the number of CBGs and the number of CBs in a CBG are defined according to TBS/RTB size.
d. For the initial transmission only the number of CBGs is defined according to TBS; for retransmissions only the number of CBs in a CBG is defined according to TBS/RTB size.
e. For the initial transmission only the number of CBs in a CBG is defined according to TBS; for retransmissions only the number of CBGs is defined according to TBS/RTB size.
f. For the initial transmission both the number of CBGs and the number of CBs in a CBG are defined according to TB S; for retransmissions only the number of CBGs is defined according to TBS/RTB size.
g. For the initial transmission both the number of CBGs and the number of CBs in a CBG are defined according to TBS; for retransmissions only the number of CBs in a CBG is defined according to TBS/RTB size.
h. For the initial transmission only the number of CBGs is defined according to TBS; for retransmissions both the number of CBGs and the number of CBs in a CBG are defined according to TBS/RTB size.
i. For the initial transmission only the number of CBs in a CBG is defined according to TBS; for retransmissions both the number of CBGs and the number of CBs in a CBG are defined according to TBS/RTB size.
Grouping principles for each scheme in Option 3 can be derived straightforwardly from the corresponding parts in Option 1/Option 2. Taking Scheme d in Option 3 as an example, in that scheme different parameters are defined according to TBS in initial transmission and in retransmission, respectively. In the initial transmission the HARQ-ACK feedback size is also defined according to the TBS (one HARQ-ACK bit is allocated for each CBG). The total segmented CBs in a TB are divided into the defined number of CBGs. If the number of total CBs is less than the selected number of CBGs, the processing techniques (aimed for the initial transmission) as described in Option 1 can be used. For retransmissions, the number of CBs in a CBG instead of the number of CBGs is chosen according to TBS/RTB size; therefore similar guidelines as described in the retransmission part of Option 2 can be adopted.
Observation 4: For Option 3, 9 possible schemes can be derived based on the ways to acquire grouping parameters in initial transmission and retransmissions.
Proposal 6: Grouping principles for each scheme in Option 3 are derived from the corresponding parts in Option 1/Option 2.
5	Conclusions
In this contribution, we discuss the CB grouping principles in CBG-based transmission with single/multi-bit HARQ-ACK feedback. Our observations are listed below: 
Observation 1: The two parameters, i.e., the CBG number and the number of CBs in a CBG, play essential roles in efficiency of CBG-based transmissions with single/multi-bit HARQ-ACK feedback. 
Observation 2: For Option 1, different CB grouping strategies can be adopted for the initial transmission and retransmissions.
Observation 3: For Option 2, different CB grouping strategies can be adopted for the initial transmission and retransmissions.
Observation 4: For Option 3, 9 possible schemes can be derived based on the ways to acquire parameters in initial transmission and retransmissions.
Based the above observations, we have the following proposals:
Proposal 1: Based on the ways of selecting the CBG number and the number of CBs in a CBG, various strategies for grouping CB(s) into CBG(s) can be adopted.
Proposal 2: In initial transmission for Option 1, the adopted CB grouping rule can be a division, a fallback, or a mixed approach.
Proposal 3: In retransmissions for Option 1, the adopted CB grouping rule can be same as that in previous transmission, or it can be a fallback, a re-grouping, or a mixed approach.
Proposal 4: In initial transmission for Option 2, the transmission fallbacks to legacy scheme when the number of total segmented CBs is less than the configured number of CBs in a CBG.
Proposal 5: In retransmissions for Option 2, the transmission could fallback to legacy scheme when the number of retransmitted CBGs is below a threshold.
Proposal 6: Grouping principles for each scheme in Option 3 are derived from the corresponding parts in Option 1/Option 2.
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