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1	Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN1#89 meeting, the following agreements were made [1].
· For downlink data transmission with CBG based (re)transmission,
· The number of CBG HARQ ACK bits for a TB is at least equal to the number of CBGs indicated or implied for transmission
· FFS whether or not the UE transmits HARQ ACK bits for CBGs not indicated or implied for transmission
· FFS “indicated or implied” is realized by RRC, MAC, L1 signalling, or implicitly derived
· FFS HARQ ACK feedback on one channel for the case of multiple TBs
· FFS for fallback
· For grouping CB(s) into CBG(s), following is adopted.
· With indicated 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 indicated number of CBG
· FFS “indicated” is realized by RRC, MAC, L1 signalling.
· At least following is supported.
· For a given number of CBGs for a given TB, the number of CBs per CBG should be as uniform as possible.
· The difference of CB number per CBG between any two CBGs is either 0 or 1.
· FFS on the detailed rule for the CB grouping.
· Study further benefit and realization of non-uniform CB distribution across CBGs.
Furthermore, in RAN1 NR AH#2 meeting the agreement and working assumption listed below were achieved [2].
· Agreement:
· For CBG-based (re)transmission, the DCI scheduling CBG-based (re)transmission carries single RV field for the transport block.
· Working assumption:
· For initial transmission and retransmission, each CBG of a TB has the same set of CB(s).
In this contribution, we consider aspects on CBG construction in order to perform CBG-based (re)transmission in NR.
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 [3], 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 was agreed CBG-based transmission with single/multi-bit HARQ-ACK feedback will be supported Rel-15. It is understood the grouping rule for CBG plays an essential role in CBG-based (re) transmission efficiency hence the corresponding construction principles needs to be designed carefully [4]. In the following, we will discuss detailed CBG construction methods. 
3	CBG-based (Re)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 [5]. The TB is first attached TB-level CRC bits and then segmented into N CBs. After CB segmentation, the CB-level CRC bits are attached to each CB prior to LDPC encoding. The N LDPC encoded CBs are then divided into M CBGs where the parameter M is indicated by RRC signaling and the number of CBs in a CBG depends on the TBS. Once any error is detected in any CB of the CBG, the whole data in that CBG would be re-transmitted. It is understood the CBG grouping rule plays an essential role in efficiency of CBG-based transmission 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 [6]. 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, the uplink resource, or the channel condition. If the multi-bit CBG-based HARQ feedback scheme is not used, the feedback mechanism falls back to legacy one bit HARQ feedback scheme. Furthermore, according to the agreement in RAN1#89,
· The number of CBG HARQ ACK bits for a TB is at least equal to the number of CBGs indicated or implied for transmission.

, the multi-bit feedback information can be the bitmap of the results whether the received CBGs are correctly decoded. 
Proposal 1: The multi-bit feedback information can be the bitmap of the results whether the received CBGs are correctly decoded.


Figure 2. Single/multi-bit HARQ-ACK feedback mechanism.
4	Discussion on CBG Construction with Indicated Number of CBGs
In [1], two agreements regarding to the basic principles of CBG construction were addressed.
· For grouping CB(s) into CBG(s), following is adopted.
· With indicated number of CBGs, the number of CBs in a CBG changes according to TBS.
· At least following is supported.
· For a given number of CBGs for a given TB, the number of CBs per CBG should be as uniform as possible.
· The difference of CB number per CBG between any two CBGs is either 0 or 1.

Based on the given principles, a deterministic L1 rule for the CB grouping can be derived. Assuming that the number of CBGs indicated by the network is M (where M could be chosen from a set of possible candidate values), the UE is notified this information by the semi-static RRC signalling or system information. There could be two CBG sizes, i.e., x and x+1 and the CBG numbers for each set of CBG size are p and q, respectively, where 0 ≤ p, q ≤ M and p + q = M. We further assume the number of total CBs is N, then we have px + q(x+1) = N. By substituting q = M – p and after some rearrangement, we have

.
Since q < M, the number q can be regarded as the remainder and x is the quotient when N is divided by M, i.e., the N CBs are divided into M CBGs with the difference of CB number per CBG between any two CBGs is either 0 or 1 through the following rules
· 

 CBGs with  CBs per CBG
· 

 CBGs with  CBs per CBG


It can be seen that the above grouping rules fully coincide the principles in the agreements, the number of CBs in a CBG changes according to TBS (since the CBs are obtained from segmentations of a TB therefore N will change according to TBS). Furthermore, if the sizes of N CBs are not all identical, CBs with smaller sizes should be arranged in the CBGs with size  while CBs with larger sizes should be arranged in the CBGs with size . As in such way the error probability of CBGs with different number of CBs can be balanced. 
Observation 1: Based on the given principles in the agreements, a deterministic L1 rule for the CB grouping can be derived.
Proposal 2: The N CBs in a TB are divided into M CBGs through the following rule
· 

 CBGs with  CBs per CBG
· 

 CBGs with  CBs per CBG


Proposal 3: When the sizes of N CBs are not all identical, CBs with smaller sizes should be arranged in the CBGs with size  while CBs with larger sizes should be arranged in the CBGs with size  so that error probabilities of the CBGs can be balanced.
In the following, we consider the case when the number of CBs (i.e., N) is smaller than the indicated number of CBG (i.e., M) as well as the case of re-transmission.
In the initial transmission if N is smaller than M, there can be several approaches for the CB grouping and the corresponding HARQ-ACK feedback, which are based on various extents of compromise between performance and overhead. The choice of transmission can be indicated by DCI, dynamic signalling, or RRC signalling. The approaches are listed below: 
a. N CBGs with 1 CB per CBG are transmitted and z-bit HARQ-ACK feedback is used, where z is possible from N to M. Since both the gNodeB 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 gNodeB 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 N) is adopted.
From the above description, it is straightforward to realize that approach a can achieve best retransmission resource utilization efficiency due to its finest granularity, approach b is the simplest one which has the least overhead, and approach c is a compromise between approaches a and b.
For retransmissions, a working assumption in [2] regarding to the CBG granularity was addressed.
· For initial transmission and retransmission, each CBG of a TB has the same set of CB(s).

In retransmission, the number of retransmitted CBGs/CBs could be much smaller than that of initial (or previous) transmitted CBGs/CBs. There can be several approaches for the retransmission and the corresponding HARQ-ACK feedback. The choice of retransmission is indicated by DCI or dynamic signalling. 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. 
The number of CBG HARQ-ACK bits can be based on either only scheduled CBGs or all indicated CBGs. In the former case, one TB-level HARQ-ACK bit is added upon the CBG-level HARQ-ACK bits. The bit will be used to check TB CRC status once all CBGs are ACKed (e.g., the bit is set to 1 when all CBGs are ACKed as well as TB CRC is passed). In the latter case, a CBG that is not scheduled in initial transmission or has been ACKed previously will be feedback as “ACK”. When NACK-to-ACK error(s) is/are detected, UE transmits “NACK” again for the corresponding CBG(s). Moreover, UE will send all NACK of CBG-level HARQ-ACK bits once it finds all CBGs are ACKed but TB CRC fails.
b. The retransmission fallbacks to TB-based transmission with 1-bit HARQ-ACK feedback. This case occurs when gNodeB finds the link is pretty unreliable and cannot be trusted at all (e.g., non-reliability of CBG HARQ-ACK feedback is detected). In that situation gNodeB will revert to the TB mode through dynamic signalling to UE (e.g., through DCI).
Proposal 4: When the number of CBs is smaller than the indicated number of CBG, the adopted CB grouping rule can be a division, a TB-level fallback, or a mixed approach.
Proposal 5: For retransmission, the adopted CB grouping rule can be same as that in previous transmission, or it can be a TB-level fallback dependent on the reliability of the link.
[bookmark: _GoBack]In general conditions with channel variation only, it was shown uniform CB grouping can bring better transmission efficiency than the non-uniform approach [4]. However in situations such as URLLC pre-empts eMBB, non-uniform CB distribution across CBGs can help aligning CBGs with OFDM symbols and hence reduce the number of erroneous CBGs. In other words, non-uniform CB grouping brings benefit when alignment of CBGs with OFDM symbols becomes required. Aligning CBGs with OFDM symbols also means aligning CBs with OFDM symbols. If we use the maximum CB size (e.g.., 8448) for segmentation, it is not possible to always align the CBs with OFDM symbols. That means the CB size would be typically smaller than the maximum CB size, which results in less coding gain. Moreover, it is unclear how often such alignment will be practically possible and in general cases (e.g., errors occurring due to channel variations), it will be unnecessary. Therefore whether alignment of CBGs with OFDM symbols is required (and hence the necessity of non-uniform CB distribution across CBGs) should be further studied. In current stage it is not suggested to support such a feature in NR phase I.
Proposal 6: In current stage the feasibility of non-uniform CB distribution across CBGs is not obvious, hence it is not suggested to support such a feature in NR phase I.  
5	Conclusions
In this contribution, CBG construction for CBG-based (re)transmission in NR was discussed. Our observation are listed below: 
Observation 1: Based on the given principles in the agreements, a deterministic L1 rule for the CB grouping can be derived.
Based the above observation, we have the following proposals:
Proposal 1: The multi-bit feedback information can be the bitmap of the results whether the received CBGs are correctly decoded.
Proposal 2: The N CBs in a TB are divided into M CBGs through the following rule
· 

 CBGs with  CBs per CBG
· 

 CBGs with  CBs per CBG



Proposal 3: When the sizes of N CBs are not all identical, CBs with smaller sizes should be arranged in the CBGs with size  while CBs with larger sizes should be arranged in the CBGs with size  so that error probabilities of the CBGs can be balanced.
Proposal 4: When the number of CBs is smaller than the indicated number of CBG, the adopted CB grouping rule can be a division, a TB-level fallback, or a mixed approach.
Proposal 5: For retransmission, the adopted CB grouping rule can be same as that in previous transmission, or it can be a TB-level fallback dependent on the quality of the link.
Proposal 6: In current stage the feasibility of non-uniform CB distribution across CBGs is not obvious, hence it is not suggested to support such a feature in NR phase I.
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