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1 Introduction

At last Meeting, the following agreements related to CBG-based feedback and retransmission were approved [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

· 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 discusses the detailed CBG construction methods. 
2 Discussion
CBG construction can consist of two parts:
1) determining the number of CBGs (and the number of CBs in a CBG);
2) grouping CB(s) into the determined CBG(s).
2.1 The number of CBGs
The number of CBGs and the number of CBs in a CBG should be determined. At last meeting, the following three options are provided.
· Option 1: Configure the number of CBGs while the number of CBs in a CBG changes according to TBS.

· Option 2: Configure the number of CBs per CBG while the number of CBGs changes according to TBS.
· Option 3: The number of CBGs and/or the number of CBs per CBG are defined according to TBS. 
In order to support CBG-based retransmission and improve retransmission efficiency, 1 bit HARQ feedback per CBG could be introduced in NR. Based on this point, the number of feedback bits equals to the number of CBGs. From the perspective of feedback payload, option 1 is straightforward since the feedback payload is based on configuring the number of CBG. Principle of configuring CBG number can be based on UCI payload size (e.g., more CBGs can be configured for the case with PUCCH format supporting larger UCI payload size). As a comparison, if option 2 is applied, then the number of feedback bits would vary significantly because the number of CB in a TB can vary from one to several tens or even exceeds one hundred. Besides, the principle of configuring CB number per CBG is not clear. Regarding on option 3, it is too complex and also unnecessary to simultaneously configure different CBG numbers and different CB numbers per CBG based on TBS. Therefore, option 1 is preferred unless option 2 or 3 could achieve additional and obvious gain.
With option 1, the number of CBs may be smaller than the number of configured CBGs. For example, number of CBGs is configured to 2, while number of CBs of a TB is 1 due to bad channel quality or little scheduled resource. For this case, to avoid unnecessary feedback cost, the number of CBGs or number of feedback bits should be adjusted to the number of CBs. It would not cause inconsistency because the number of CBs and number of configured CBGs are known for both transmitter and receiver. That is, assuming HARQ-ACK feedback of single TB is within a UCI, the actual number of CBG or feedback bits m equals to min(C,N), where C is the number of CBs of the TB and N is the number of configured CBGs.
Proposal 1: Option 1 is preferred, i.e., the number of CBGs can be configured. If the number of CBs of a TB is smaller than the number of configured CBGs, the number of CBGs is set to the number of CBs.
2.2 CBG construction rule
Similar to CB segmentation, a L1 rule should be defined to group CBs into group(s) after determining the number of CBGs. In order to maximize the efficiency, the basic construction principle is to ensure the groups are as uniform as possible. That is, the number of CB within each CBG should be as equal as possible. Through this way, each feedback bit can be fully used and retransmission proportion can be minimized.
Here, a detailed rule is provided. Assume the number of CBs is C and the number of CBGs is m, then the number of CB per CBG equals to 
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 when C is divisible by m. Otherwise, there are two CBG granularities. To be specific, there are 
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As an example, if UE is configured with 4 CBGs and a TB contains 14 CBs, then 
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. The above rule can organize the 4 CBGs as CBG#0=(CB#0, CB#1, CB#2), CBG#1= (CB#3, CB#4, CB#5), CBG#2=(CB#6, CB#7, CB#8, CB#9), and CBG#3=(CB#10, CB#11, CB#12, CB#13).

For CBG-based retransmission, fewer CBs could be transmitted. Some companies mentioned that CBG regrouping can be considered. Obviously, regrouping is applied for retransmitted CBs rather than fixed CBs of a TB. For each (re-)transmission of PUSCH, the CBs of a CBG vary if CBG regroup is introduced. For example, CBG#0 contains CB#0,CB#1, CB#2, CB#3 for initial transmission while CBG#0 may contain CB#0,CB#1 for next retransmission. To avoid misunderstanding between transmitter and receiver, the retransmitted CBs and regroup rule should be indicated for each (re-)transmission of PUSCH, which will complicate the design. For PDSCH, although the retransmitted CBs can be derived from UCI, it is impossible to ensure UCI are always received incorrectly. For example, DTX or NACK to ACK error would happen. Therefore, the retransmitted CBs and regrouping rule also should be indicated for each (re-)transmission of PDSCH. Besides, the benefit of regrouping would be not obvious because the residual BLER is low after initial transmission or 1st retransmission.
Proposal 2: A L1 rule grouping C CB(s) into m CBG(s) as uniform as possible should be defined. 
· 
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2.3 Maximum CBG number
On the other hand, considering the UL feedback overhead, the maximum number of feedback bits or number of CBG per TB should be limited to a small value. 
To determine an appropriate upper value, we evaluate the spectrum efficiency gain of CBG-based HARQ-ACK feedback relative to TB HARQ-ACK feedback for different number of configured CBGs. The simulation setting is provided in appendix. From the results in Figure 1 and Figure 2, it is obvious that, comparing to 4-bit feedback, 8-bit feedback can only achieve additional 1~2% gain. However, the uplink feedback payload of HARQ-ACK is doubled. Thus, maximum number of feedback bits or number of CBG per TB should not exceed 4.
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Figure 1. Spectrum efficiency gain and normalized spectrum efficiency (IBLER = 10%)
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Figure 2. Spectrum efficiency gain and normalized spectrum efficiency (IBLER = 20%)
Proposal 3: Limit the maximum CBG number per TB to a small value, e.g. no more than 4.

3 Conclusions
In this contribution, we discussed the CBG-based HARQ-ACK feedback. According to the above discussions, we have the following proposals:
Proposal 1: Option 1 is preferred, i.e., the number of CBGs can be configured. If the number of CBs of a TB is smaller than the number of configured CBGs, the number of CBGs is set to the number of CBs.
Proposal 2: A L1 rule grouping C CB(s) into m CBG(s) as uniform as possible should be defined. 
· 
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Proposal 3: Limit the maximum CBG number per TB to a small value, e.g. no more than 4.
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Appendix A–Link Simulation Results 
Table.A1. LLS Evaluation parameters

	Parameters 
	Values or assumptions 

	System Bandwidth 
	20 MHz

	Waveform 
	OFDM

	Sub-carrier space
	15 kHz 

	The number of symbol per slot
	14

	Channel coding
	LTE Turbo code

	BS antenna configuration 
	1Tx 

	UE antenna configuration 
	2 Rx 

	Channel Model 
	TDL-C with DS{300}ns in TR38.900

	Doppler 
	200 Hz (60km/h@4GHz)

	Channel Estimation 
	Realistic based on CRS in LTE

	CQI Measurement
	Realistic measurement based on CRS in LTE
Measurement Period = 10 ms
Feedback delay = 4 ms

	Maximum transmission times 
	4

	MCS
	AMC with OLLA

IBLER = 10% and 20%


_1554627173.unknown

_1554627177.unknown

_1554627179.unknown

_1554627181.unknown

_1554627182.unknown

_1554627180.unknown

_1554627178.unknown

_1554627175.unknown

_1554627176.unknown

_1554627174.unknown

_1554627168.unknown

_1554627170.unknown

_1554627171.unknown

_1554627169.unknown

_1554627166.unknown

_1554627167.unknown

_1554627165.unknown

