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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 #89 it was agreed that:
· For DL CBG-based (re)transmission,
· Following information can be configured to be included in the same DCI:
· Which CBG(s) is/are (re)transmitted.
· Which CBG(s) is/are handled differently for soft-buffer/HARQ combining.
· FFS: whether/how UE behavior is specified, e.g., part/whole of soft-buffer of indicated CBG(s) is flushed.
· FFS: timing of CBG-based (re)transmission.
· For preemption indication;
· When configured, the indication tells the UE(s) which DL physical resources has been preempted.
· The preemption indication is transmitted using a PDCCH.
· The preemption indication is not included in the DCI that schedules the (re)transmission of the data transmission.
· FFS: the granularity of the time and/or frequency resources.
· FFS: what DCI is used.
· FFS: timing of the preemption indication.
In this contribution, we discuss the effect of ACK/NACK errors in CBG-based retransmission.

[bookmark: _Ref129681832]ACK/NACK errors in CBG-based retransmission
When DL CBG-based retransmission is configured, the UE feeds back to gNB a vector of ACK/NACK (A/N) bits where each bit indicates A/N for a corresponding CBG. Irrespective of whether the transmission of the A/N vector is protected by FEC, errors may occur. If those errors are not detected, the gNB may retransmit a wrong sequence of CBGs.
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[bookmark: _Ref485308422]Figure 1 Errors in transmission of ACK/NACK vector.
The case when the A/N vector is corrupted by multiple errors is shown in Figure 1. In that example, TB transmission consists of 8 CBGs. The receiver generates NACKs (‘0’) for the 4th and 7th CBG in the TB. Due to errors in A/N transmission, the gNB obtains NACKs for the 6th and 7th CBG. The gNB retransmits the 6th CBG and 7th CBG instead of the 4th CBG and 7th CBG. Unless it is explicitly indicated, the UE has no means to check whether the gNB retransmitted the CBGs for which NACK was sent. Therefore, the UE receives the first retransmitted CBG believing that it is the 4th CBG and combines it with the previous 4th CBG transmission in its soft buffer, thereby polluting the 4th CBG LLRs and thus precluding successful decoding of the 4th CBG.
gNB indication of retransmitted CBGs informs the UE about which CBGs are actually retransmitted. Thus, the UE can derive the sequence of retransmitted CBGs from the gNB indication and combine each received CBG in the correct place in its soft buffer or discard it if the first decoding was already successful. NACKed CBGs that were not retransmitted due to A/N feedback errors need further retransmission.
Observation 1: gNB indication of which CBGs are retransmitted avoids misunderstanding between gNB and UE about retransmitted CBGs.	
Causes of CBG errors and corresponding ACK/NACK patterns
UE generates NACK for a given CBG when there are errors at least in one of its CBs. We distinguish between two kinds of errors:
1. Random errors, caused by noise and inter-cell interference;
2. Burst errors, caused by URLLC pre-emption. 
Random errors are supposed to be corrected by FEC thanks to appropriate choice of MCS.
A URLLC transmission that preempts eMBB transmission spans one or few consecutive CBGs in a TB (see Figure 2). As a result, the CBG A/N vector fed back to gNB would contain a NACK burst.
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[bookmark: _Ref484783516]Figure 2  TB transmission with 9 CBGs and preempting URLLC transmission. The corresponding ACK/NACK vector is shown below the TB.

We observe that, due to URLLC preemption, A/N vectors with NACK bursts are more likely to happen than A/N vectors with randomly spread NACKs.
Observation 2: Certain CBG ACK/NACK vectors are more likely to occur.

Impact of ACK-to-NACK and NACK-to-ACK errors
An ACK-to-NACK error causes retransmission of a CBG that was already correctly received in previous transmissions. That retransmission is unnecessary, therefore it contributes to wasting downlink resources. However, that retransmission is not harmful for the UE as it does not cause further degradation.
When a NACK-to-ACK error occurs, the corresponding CBG is not retransmitted in the next retransmission. Therefore, the UE has to send NACK for that CBG again in the next A/N feedback and wait for a future retransmission. Therefore, the TB decoding suffers additional delay. If the error NACK-to-ACK error occurred during the last HARQ retransmission, that CBG will never be retransmitted and that causes failure of the whole TB.
Observation 3: ACK-to-NACK errors cause waste of PDSCH resources.
Observation 4: NACK-to-ACK errors increase the delay of TB reception, and may even cause failure of the whole TB transmission.

Retransmitted CBG indication
Retransmission is scheduled by a new scheduling grant contained in a DCI. The DCI that schedules retransmission does not need to repeat all the control information that is contained in the DCI that scheduled the corresponding initial transmission. For example, not all the information in the MCS and RV bit fields is needed for retransmission. However, the DCI that schedules retransmission needs to carry indication of retransmitted CBGs, and that information can be mapped to a DCI field that was used for different purposes in the initial transmission, i.e., that DCI field is reused for retransmitted CBG indication.
Reusing a DCI field in the DCI that scheduled initial transmission for retransmitted CBG indication has the advantage that no new DCI has to be specified for CBG retransmission. However, when a TB contains a large number of CBGs, the reused fields might not be large enough to carry the CBG indication for the whole TB. Therefore, the problem of conveying CBG retransmission indication for  CBGs on a DCI field with  bits should be addressed.
Observation 5: Reusing initial transmission DCI fields for retransmitted CBG indication may not provide enough bits for CBG indication.
Proposal: When the number of CBGs is higher than what can be afforded by reusing initial transmission DCI fields, the problem of conveying CBG retransmission indication should be addressed.

Misunderstanding between DTX and NACK
[bookmark: _GoBack]If some bits of “CBG indication” finally come from other DCI fields , the uncertainty of DTX and NACK which has been treated as an implementation issue in LTE may need to be solved in NR. Consider a case that an initial transmission of a user is DTXed. The user misses the initial transmission. Its gNB fails to identify DTX and treat the feedback signal as NACK. Then, the gNB sends a CBG-retransmission to this user. If there is no explicit indication to tell the user that this is a CBG-based retransmission, the user may treat this DCI as a TB-based initial transmission’s DCI and get a misunderstanding on MCS field. Especially, if the user is in a mode where more than one A/N feedback is involved in one A/N message, e.g. CA mode, it is more difficult for the gNB to distinguish NACK and DTX and the vagueness described above would happen more.
To solve this problem, either an additional mechanism to distinguish between DTX and NACK or an additional indication to tell users whether a CBG indication is included in DCI would be necessary. 
Observation 6: The uncertainty between DTX and NACK may need to be solved if some bits of CBG indication field are from other fields via a re-interpretation, e.g. MCS field.

Conclusion
We have the following observations and proposals:
Observation 1: gNB indication of which CBGs are retransmitted avoids misunderstanding between gNB and UE about retransmitted CBGs.
Observation 2: Certain CBG ACK/NACK vectors are more likely to occur.
Observation 3: ACK-to-NACK errors cause waste of PDSCH resources.
Observation 4: NACK-to-ACK errors increase the delay of TB reception, and may even cause failure of the whole TB transmission.
Observation 5: Reusing an initial transmission DCI field for retransmitted CBG indication may not provide enough bits for CBG indication.
Observation 6: The uncertainty between DTX and NACK may need to be solved if some bits of CBG indication field are from other fields via a re-interpretation, e.g. MCS field.
Proposal: When the number of CBGs is higher than what can be afforded by reusing initial transmission DCI fields, the problem of conveying CBG retransmission indication should be addressed.
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