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1
Introduction
In RAN1#88 meeting, the following agreements were made [1].

· 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
In this contribution, we would like to discuss the considerations for selecting CBG granularity/CBG number when supporting more than one HARQ-ACK bits per TB.
2
Motivation
In LTE systems, one HARQ-ACK bit feedback is used for one Transport Block (TB), which consists of several code blocks (CB’s). While received TB is not correctly decoded, all CB’s 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 CB’s for NR systems. The maximum CB number per TB would be about 5 times of that for the LTE system (i.e., 80 CB’s 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 CB’s. To re-transmit whole TB including correct decoded CB’s 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. Particularly, the CBG granularity needs to be configurable, i.e., it can be set as small as a single CB (i.e., CBG number = CB number in a TB) or as big as a whole TB (i.e. CBG number = 1). Under different scenarios, the choice of CBG granularity/CBG number may have big impacts on the overall transmission efficiency. Particularly, the adopted CBG number is directly related to the HARQ ACK feedback size overhead. In the following sections, we will discuss the points that need to be taken into considerations when selecting the CBG granularity/CBG number. 
3
CBG-Level HARQ Feedback Mechanism

The data encoding chain for a TB within CBG-level HARQ feedback structure is shown in Fig. 1 [3]. The TB is first attached TB-level CRC bits and then segmented into several CB’s. lj CB’s are bundled into one CBG j where the set {lj} can be signalled from higher layer or dynamically signalled by control channel. Another CBG-level CRC bits are attached to each CBG to check the integrity. Once any error is detected by CBG-level CRC, the whole data in this CBG would be re-transmitted. The value lj’s could be set differently for different CBG j’s.
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Figure 1. CRC attachment and structure.

The multiple HARQ bits feedback mechanism is shown in Fig. 2 [4]. The HARQ feedback is composed of:

· 1-bit TB ACK/NACK: this feedback corresponds to the LTE legacy feedback.
· The multi-bit CBG NACK: this feedback is only transmitted in case of decoding failure in order to indicate to the gNodeB which CBG needs to be re-transmitted.
gNodeB can determine whether to use multi-bit CBG NACK scheme and signal to UE by higher layer or dynamic control channel according to the feedback overhead or the uplink resource. If multi-bit CBG NACK scheme is not used, the feedback mechanism falls back to legacy one bit NACK feedback per TB scheme. The multi-bit feedback information can be the bitmap of CBG number. 
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Figure 2. Multiple HARQ bits feedback mechanism.

Fig. 3 shows the retransmission scheme for the CBG-level HARQ feedback mechanism. We assume CBG1 and CBG2 are decoded incorrectly. According to the agreement in [1], only the two erroneous CBG’s in the same TB of a HARQ process are retransmitted (i.e., there would be no combination of the retransmitted CBG’s and the new data into one TB). The released radio resources with such partial retransmissions approach can be used for transmitting other UE’s data and hence improve the overall transmission efficiency.
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Figure 3. Retransmission scheme with CBG-level HARQ feedback mechanism.

4
CBG Granularities Impact Evaluations
In order to investigate the impact of CBG granularities on transmission efficiency, we conduct simulations for various scenarios. The simulation parameters are setting as 64QAM, rate 1/3 turbo coding/decoding with 8 iterations, resource allocation based on 20MHz LTE systems with OFDMA, 1Tx 1Rx, and maximum 4 HARQ transmissions. One TB may contain 32 CB’s or 64 CB’s with 6144 bits per CB. EVA and ETU multipath channel model is applied with Doppler frequencies 70 and 300 Hz, respectively. One HARQ ACK/NACK feedback bit per CBG is utilized in the CBG-level HARQ feedback scheme. Moreover, perfect channel estimation and ideal CRC are assumed. 
Figure 4 shows the throughput improvement of the CBG-level retransmission compared with legacy LTE TB-level retransmission for different TB sizes and channel conditions. It can be seen that the CBG-level approach does achieve substantial performance gain over the conventional TB-level scheme. However, the relationship between the performance improvement and the CBG number is highly related to the number of CB’s in a TB and the channel condition. The performance gain gets larger when channel varies faster (e.g., the ETU-300 channel) or when the number of CB’s in a TB is larger because in those situations concurrent successful decoding of all CB’s in one TB becomes uneasy. Moreover, if the number of CBG is increased up to a certain extent, say Nmax, further increasing the CBG number can only achieve slight improvement. In other words, the practical partitioned CBG number and hence the feedback size should be confined by the value Nmax since partitioning into more CBG’s would not bring obvious benefits. The number Nmax is also a function of the number of CB’s in a TB and the channel condition. For example, Nmax is 8 for the case of 1 TB containing 32 CB’s in the EVA-70 channel and it is 16 for the other cases of interests. Therefore, the selection of suitable CBG number/granularity for a TB should consider both the channel condition and the number of CB’s in that TB rather than being set as a fixed value. Generally speaking, the number Nmax would be larger when a TB contains more CB or when the channel varies faster. The detailed mapping rule can be further studied.
Observation 1: The relationship between the CBG granularity and the performance improvement of the CBG-level scheme over the legacy LTE TB-level approach is highly related to the number of CB’s in a TB and the channel conditions.
Observation 2: When the number of CBG is increased up to a certain extent, say Nmax, further increasing the CBG number can only achieve slight improvement.
Observation 3: The value Nmax is also a function of the number of CB’s in a TB and the channel condition.
Proposal 1: The selection of suitable CBG /granularity for a TB should consider both channel conditions and the number of CB’s in that TB rather than being set as a fixed value.
Proposal 2: The practical partitioned CBG number and the number of feedback bits should be limited by the value Nmax in order to save the precious feedback resources. 
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Figure 4. Performance evaluations with different CBG numbers for various TB sizes and channel conditions
In Figure 5, we zoom in the performance curves at the vicinity of “CBG number=6” in Figure 4. It can be observed that the performance curves of all four cases exhibit a downward tendency at that area. This is owing to that CBG partition with non-uniform CBG sizes is employed when CBG number = 6. We use CBG sizes {lj}={6, 6, 6, 6, 6, 2} when a TB contains 32 CB’s and {lj}={12, 12, 12, 12, 12, 4} when a TB contains 64 CB’s. It should be noted when non-uniform partition is used, the performance is limited by the CBG with worst performance. Consequently, the data encoding chain for a TB as depicted in Figure 1 needs to be carefully designed. Particularly, the CB segmentation and the group CB CRC attachment procedures need to ensure that CBG partition with a uniform CBG size can be guaranteed. The detailed encoding procedure needs to be further studied.
Observation 4: CBG partition with non-uniform CBG sizes would lead performance degradation since the performance is limited by the CBG with worst performance.
Proposal 3: The data encoding chain for a TB within CBG-level HARQ feedback structure needs to be carefully designed to ensure that CBG partition with a uniform CBG size can be guaranteed.
[image: image6.png]CBG Granularity Simulation Results

45

—e—17B = 32 CB, EVA-70 Channel
—+—17B = 32 CB, ETU-300 Channel
——17B = 64 CB, EVA70 Channel

—e—17B = 64 CB, ETU-300 Channel

g
o
@
&
3
g
2
g
£
2
£

2 4 ® [ [ 12 14 [
CBG Number




Figure 5. Enlarged diagram of Figure 4 (with focus on the vicinity of CBG number=6) 
5
Conclusions
In this contribution, we discuss the points that need to be taken into considerations for selecting CBG granularity/CBG number when supporting more than one HARQ-ACK bits per TB. Our observations are listed below: 

Observation 1: The relationship between the CBG granularity and the performance improvement of the CBG-level scheme over the legacy LTE TB-level approach is highly related to the number of CB’s in a TB and the channel conditions.
Observation 2: When the number of CBG is increased up to a certain extent, say Nmax, further increasing the CBG number can only achieve slight improvement.
Observation 3: The value Nmax is also a function of the number of CB’s in a TB and the channel condition.

Observation 4: CBG partition with non-uniform CBG sizes would lead performance degradation since the performance is limited by the CBG with worst performance.
Based the above observations, we have the following proposals:
Proposal 1: The selection of suitable CBG /granularity for a TB should consider both channel conditions and the number of CB’s in that TB rather than being set as a fixed value.
Proposal 2: The practical partitioned CBG number and the number of feedback bits should be limited by the value Nmax in order to save the precious feedback resources. 
Proposal 3: The data encoding chain for a TB within CBG-level HARQ feedback structure needs to be carefully designed to ensure that CBG partition with a uniform CBG size can be guaranteed.
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