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1 Introduction

At the last meeting, the following agreements related to CBG-based feedback and retransmission were approved [1]:
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:
· 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

This contribution focuses on whether CBG should be approximately aligned with symbol(s). 
2 Discussion
At discussed in the thread [88b-13], some companies propose that CB/CBG of eMBB users should be aligned with symbol(s) in the coexistence region where there could be preemption of URLLC users. The motivation of aligning CBG with symbol(s) provides benefits for URLLC puncturing or burst interference (possibly efficient sub-sequent transmissions of CB/CBGs) and symbol-wise processing. However, aligning CB/CBG with symbol(s) could limit the length of CBs especially when the transmission bandwidth is not large enough. Our analyses and simulations show that the performance loss caused by CB length reduction is obvious, e.g, about 3.6 dB under multi-path fading channel. 

For the purpose of discussion, an example is given in Figure 1 where 7-symbol slot with 60kHz-SCS is taken as a scheduling interval for URLLC transmission in coexistence region. In this example, there are three eMBB users. Their data are shown in as pink, green and blue, respectively. The eMBB scheduling interval is 1ms (8 slots). If no preemption occurs, each eMBB user’s signal could span over 8 slots. To align with the threshold of scheduling interval of URLLC, each eMBB user has eight CBs or a multiple of eight CBs. Through this way, no CB crosses the threshold between slots. With this mapping, when the preemption happens, the impacted eMBB data contains an integer number of CBs. The impacted CB could be retransmitted and the CBs transmitted on schedule could be decoded as usual. 
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Figure 1. Mapping CB/CBG in line with URLLC scheduling interval

However, the drawback of the above mapping method is obvious as well. The penalty is the loss of channel coding gain especially for cases with small TBS. For example, assume the bandwidth is five 60 kHz-SCS-based RBs (twenty 15 kHz-SCS-based RBs), 16QAM and 1/2-code rate are adopted, 1ms-scheduling interval can carry one CB of about 5760 bits. If the mapping method shown in Figure 1 is adopted, one 5760-bit TB needs to be divided into eight 720-bit CBs. The loss of channel coding gain is obvious, from 5760-bit to 720-bit. Figure 2(a) shows BLER performances. We can find that, comparing to CB of 5760 bits, CB of 720 bits has 0.3dB coding performance loss when CB BLER = 0.1. Besides, if TB BLER=0.1, then the gap is 0.7dB due to more CBs are needed for the case with CB of 720 bits. 
For another thing, the required reliability of each 720-bit block would increase. The required reliability of one 5760-bit CB is 90%. If eight 720-bit CBs are used instead, the required reliability of each 720-bit CBs would be about 98.7% to achieve a 90%-reliability of the whole 5760-bit TB, assuming that each CB suffers independent channel. Here, Figure 2 (b) shows the BLER performance for 5760-bit CB and 720-bit CB under the multipath channel, TDL-C 300ns. From Figure 2 (b), we can find that if TB BLER=0.1 then the gap is about 3.6 dB due to more CBs are needed for the case with CB of 720 bits. More simulation results of 1 TB consisting of 8 CBs under different Doppler shift can be found in appendix.
Besides, it should be noted that this kind of performance loss would be suffered by every eMBB user which might be pre-empted by a URLLC packet regardless whether a URLLC eventually comes with it or not.
Observation 1: Obvious BLER performance loss could be observed if mapping CB/CBG in line with URLLC scheduling interval, such as 60kHz SCS 7-symbol slot.
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Figure 2. Comparison of BLER performance of 5760-bit CB and 720-bit CB in AWGN channel and multipath fading channel
Table 1. The required bandwidth for allocation of 1CB/OFDM symbol under various parameter combinations in terms of modulation order, code rate and rank.

	CB allocation
	Modulation order
	Code rate
	Rank
	Required bandwidth
(15kHz-SCS)
	Required bandwidth

(60kHz-SCS)

	Mapping one 8192-bit CB to 1 OFDM symbol

(All REs within the bandwidth is utilized for CB mapping)
	QPSK
	0.5
	1
	123 MHz
	492 MHz

	
	
	
	2
	61 MHz
	246 MHz

	
	16QAM
	0.5
	1
	61 MHz
	246 MHz

	
	
	
	2
	31 MHz
	123 MHz

	
	64QAM
	0.75
	1
	27 MHz
	109 MHz

	
	
	
	2
	14 MHz
	55 MHz

	
	
	
	4
	7 MHz
	27 MHz

	
	
	0.9
	1
	23 MHz
	91 MHz

	
	
	
	2
	11 MHz
	46 MHz

	
	
	
	4
	6 MHz
	23 MHz


Table 1 provides another point of view to consider the impact of mapping one CB to 1 symbol. Here, the CB is fixed to 8192 bits which has been agreed as the max size of CB in NR. For the purpose to guarantee the performance is comparable to the CB division manner similar to LTE, how large bandwidth is necessary is estimated when one 8192-bit CB is mapped to 1 symbol. In this calculation, all REs within the bandwidth are assumed to be utilized to carry data. The calculation results in Table 1 give the minimum schedule bandwidth. Even though with 15kHZ-SCS, the bandwidth is considerably large. If the SCS is enlarged to 60kHz, the bandwidth could be hardly realistic.
Observation 2: In case of mapping CBs in line with single OFDM symbol, the required bandwidth could be considerably large to guarantee that its performance is comparable to that of dividing CB in an LTE-like manner.
Based on these observations, we propose:
Proposal 1: The CB/CBG is not necessarily restricted to one symbol in case of at least two symbols/URLLC scheduling intervals for the data transmission.

3 Conclusions
According to the above discussions, we have the following observations:
Observation 1: Obvious BLER performance loss could be observed if mapping CB/CBG in line with URLLC scheduling interval, such as 60kHz SCS 7-symbol slot.
Observation 2: In case of mapping CBs in line with single OFDM symbol, the required bandwidth could be considerably large to guarantee that its performance is comparable to that of dividing CB in an LTE-like manner.

Based on these observations, we propose
Proposal 1: The CB/CBG is not necessarily restricted to one symbol in case of at least two symbols/URLLC scheduling intervals for the data transmission.
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Appendix

Table2. Simulation conditions
	
	Simulation assumptions

	System bandwidth
	20MHz

	Allocated bandwidth
	3.6 MHz

	MCS
	16QAM ½-coding rate

	Rank
	1

	Tx/Rx Antenna
	1X1 for figure 2
1X2 for figure 3

	Channel Model
	AWGN/ TDL-C 300ns

	Max HARQ retransmission
	No retransmission
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Figure 3. Comparison of BLER performance of one 5760-bit CB and eight 720-bit CBs in AWGN channel and multipath fading channel

