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1. Introduction
Some topics are selected to be discussed below.

2. CBG information in a DCI for DL
We made the following agreement in the previous meetings.
Agreement
· 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.

RAN1 needs to decide how CBG information is indicated in a DCI.
Just for simplifying the term, 
· CBGTI (CBG transmission information) means information on which CBG(s) is/are (re)transmitted and, 
· CBGFI (CBG flushing out information) means information on which CBG(s) is/are handled differently for soft-buffer/HARQ combining

When the gNB configures CBG-based retransmission, the following four modes can be possible.
Mode 1: A DCI does NOT include both CBGTI and CBGFI.
· The gNB retransmits CBGs according to UE’s HARQ-ACK feedback.
Mode 2: A DCI only includes CBGTI.
· CBGTI informs which CBG(s) is/are (re)transmitted.
Mode 3: A DCI only includes CBGFI.
· The gNB retransmits CBGs according to UE’s HARQ-ACK feedback.
· CBGFI informs which CBG(s) is/are handled differently for soft-buffer/HARQ combining
Mode 4: A DCI includes both CBGTI and CBGFI.
· CBGTI informs which CBG(s) is/are (re)transmitted.
· CBGFI informs which CBG(s) is/are handled differently for soft-buffer/HARQ combining

Q1. Which mode(s) do you support?
	Company
	View

	Samsung
	All modes can be supported. 
But, we prefer that Mode 4 is prioritized.

	NTT DOCOMO
	To align common understanding between gNB and UE on which CBG is transmitted, we prefer to support Mode 2 and Mode 4.

	MediaTek
	Mode 1 and 2 should be prioritized.
Mode 3 and 4 CBGFI functionality can be handled by the Preemption Indication mechanism.

	Lenovo, Motorola Mobility
	Mode 1 and 2 should be prioritized.


	ZTE
	Among the possible options that are covered by the agreement, we would like to support the option that gives the smallest increase in DCI load and at the same time helps to increase the eMBB performance. In our view, this is Mode 2. We do not need to indicate the soft buffer handling on CBG level.
Our reasoning is like this: Individual CBG soft buffer handling is only helpful if some CBG(s) benefit from soft combining whereas for others it is better if the soft buffer is flushed. This would be the case if one CBG is preempted and another one is not decoded correctly due to noise. However, when will this case happen? At high frequencies, preemption is not likely to happen. Therefore, at high frequencies soft-combining for all CBGs could be performed. At low frequencies, where preemption can happen, the UE could still soft-combine. Preemption indication can instead be used to increase the performance.     

	Qualcomm
	A few clarifications may be needed first. For mode 1, we assume it means “neither CBGTI nor CBGFI” is included. For CBGFI, our understanding is this field indicates which CBGs need to be flushed, but does not indicate which CBGs are retransmitted. 
For the choices of the modes to be supported, our main concern is the DCI payload size. Here we assume each of the CBGTI and CBGFI fields are a bitmap. Including both fields will substantially increase the DCI length and is not preferred. We also believe the extra benefit of having separate fields is limited, as the chance of some CBG errors are caused by preemption (so flushing is needed) and some other CBG errors are caused by interference is not a typical error case, and even it that happens, flush all error CBGs will not cause much performance degradation and should be a reasonable DCI length and performance tradeoff. So we propose to combine the two fields.
For mode 1, it can be supported in the case there is strong CRC and the gNB does not expect any CRC error leads to decoding error of CBG A/N feedback.
For the same situation, we can add one bit in the DCI to flush out all the reported error CBGs. This is similar to Mode 3, but the CBGFI is not explicitly fed back.
For mode 2, this can be supported when the CBG A/N detection is not reliable. 
For mode 4, we would prefer a variation with a single CBGTI field but add a bit to flush the CBGs in retransmission. 

	Apple
	Mode 4 is preferred. 
We think CBGTI should be included to explicitly indicate CBGs in transmission. Relying on ACK bitmaps is not reliable since NACK to ACK or ACK to NACK error can make gNB and UE have different understanding on the current status of acknowledged CBGs, and it could even cause soft-buffer corruption during the course of retransmissions. 
We think including CBGFI is helpful when soft buffer is severely corrupted due to preemption. However, since CBGFI is signaling overhead for event happening with low chance. Thus, it is better to reduce its size. We think one bit indicator is good choice. 

	Ericsson
	We prefer to have a fixed-size (RRC configured) bitmap indicating which CBGs are retransmitted and a single “NDI” bit which can be used to flush the buffers. I am not sure whether this is classified as mode 2 (with the addition of an “NDI” bit) or mode 4 (where the single “NDI” bit is the CBGFI).

	LG
	We prefer a fixed size field for CBG related field if present. In that sense, Mode 2 or 4 is preferred depending on the configuration of whether flush indicator presents in a DCI or not. In Mode 4, either 1 bit indication to indicate flush or not on the indicated CBGs or NDI may be reused for the purpose to indicate flush (e.g., if NDI is toggled with CBG retransmission, it is considered as flush indication). 

	Huawei
	Mode 2 and Mode 4 can be supported. 
For Mode 1, the detection error of CBG A/N will have an impact to the CBG (re)transmissions and result in soft buffer corruption. Same problem exist in Mode 3. 

	Fujitsu
	Mode 2 and Mode 4 should be prioritized.

	WILUS
	Mode 2 and Mode 4 can be supported and prioritized. 
If HARQ-ACK can be protected by CRC with sufficiently high reliability, then Mode 1 and Mode 3 can be also supported.

	Panasonic
	Even if CBG transmission is configured, small DCI like DCI format 1A is supported. DCI format 1A equivalent is mode 1. Note here mode 1 is not meant " the gNB retransmits CBGs according to UE’s HARQ-ACK feedback" but just fall back to TB transmission.
If preemption never happens, mode 2 is used. If preemption can happen, mode 4 is used.

	Convida Wireless
	We believe that all the modes have value depending on the use case. For mode 3 our understanding is that the CBGFI indicates a bitmap of retransmitted CBGs. If prioritization is preferred, mode 1 and 4 may be considered.

	Nokia	
	Mode 4 only is sufficient


	Intel
	We prefer a fixed-size CBGTI field that configured by network through RRC signaling. As the size of CBGTF is configured by eNB on a per UE basis, there is sufficiently flexibility for network to control the DCI format size with tradeoff between DCI overhead and CBG operation efficiency. 
1-bit CBGFI field seems reasonable as mentioned by several companies to minimize the DCI format size but still allow eNB to assist UE for soft combining.   

	InterDigital
	We think Mode 1, Mode 2 and Mode 4 can be supported.

	OPPO
	Mode 2 and Mode 4 should be supported. And CBGTI can be indicated by a separated DCI field or reinterpreting an existing DCI field (i.e. MCS field in DL grant for retransmission).
Mode 1 and Mode 3 may lead to ambiguity caused by decoding error of HARQ-ACK and/or missing DL grant for retransmission.

	vivo
	For mode 1, there may be misunderstanding of gNB and UE due to A/N feedback error. Therefore, mode 2 is preferable in case of no preemption.
If preemption is allowed, mode 4 should be supported. However, to include both the CBGTI and CBGFI would increase the signaling overhead in DCI. Reusing of existing bit-field in DCI or reduced the bit size of CBGTI/CBGFI need to be considered.

	Sony
	We prefer to support Mode 4.

	CATT
	We prefer to have the CBGTI field indicated at least when HARQ-ACK is not CRC protected. It is also good to minimize the additional bits in DCI so we think flushing can be by NDI. Keep in mind that pre-emption indication is separately configured and can be an additional tool if needed. So we prefer Option 2.



Q2. For Mode 1, is 1-bit needed to distinguish CBG transmission or TB transmission? 
	Company
	View

	Samsung
	Yes.
For ACK/NACK-to-DTX error of PUCCH, there may be misunderstanding between the gNB and UE for whether the initial transmission is received to the UE or not.

	MediaTek
	Agree with Samsung view, 1-bit would be needed to support fallback to full TB retransmission.

	Lenovo, Motorola Mobility
	Yes.

	ZTE
	Yes.
Comment: In general we are concerned about creating a hard link between the ack/nack feedback and the selection of CBG(s) to be transmitted. We do not prefer this option. 

	Qualcomm
	If the CBGTI field is included, there is no need to have another bit to indicate falling back to TB level transmission. An all “1” CBGTI field should be able to indicate that.
If the CBGTI field is not transmitted, under the assumption is the CBG A/N CRC is strong enough, we don’t see the need to fall back to TB based re-transmission. Therefore the additional bit is not needed as well.

	LG
	Yes

	Huawei
	No. 
But this can be considered for Mode 2 and Mode 4 since this enables the possibility of reusing the other field, e.g. MCS field, for CBGTI and/or CBGFI. In this case, the bit field can be used to indicate how to interpret the other bit field. This scheme has the benefit of saving the DCI overhead. 

	Panasonic
	No. DCI format size itself is different as we described before.

	Convida Wireless
	Yes

	Nokia
	In our understanding, mode 1 implies dynamic selection between CBG and ‘normal’ non-CBG transmissions and thus a selection bit would be needed

	Intel
	Need to further understand the potential use case. 

	InterDigital
	We think that 1-bit is needed to distinguish between CBG/TB feedback for all Modes. In fact, the gNB may dynamically request the UE to send TB-level feedback or CBG-level feedback. On the other hand, the CBG-level feedback can consist of a bit map indicating the semi-statically configured CBGs or a bit map which indicates the scheduled CBGs and a TB level bit feedback.

	Sony
	Yes, we agree with MediaTek view.

	CATT
	If there is a CBGTI field there is no need to have a fallback to TB transmission. Our view is that fallback procedure is only needed during RRC reconfiguration. 



Q3. For Mode 4, which option do you support for CBGTI and CBGFI? Or which other options do you have?
Let’s assume that N is the maximum number of CBGs by RRC configuration.
· Option 1: N bits for CBGTI, and the other N bits for CBGFI
· Option 2: N bits for CBGTI, and the other 1 bits for CBGFI
· Option 3:  2N bits for CBGTI, CBGFI, and RV (i.e., 2 bits per CBG) without another RV bit field in the DCI
	Company
	View

	Samsung
	We prefer to use option 1.
We have an agreement that, for CBG-based (re)transmission, the DCI scheduling CBG-based (re)transmission carries single RV field for the transport block, option 3 can be precluded.

	NTT DOCOMO
	We prefer option 2 considering the reasonable DL overhead and the reason for decoding failure for the CBG(s) constructing a TB should be the same either usual error or puncturing, hence 1 bit  CBGFI should be applicable for all CBG(s) of a TB.
In addition, for option 3, we already agreed at the last meeting that For CBG-based (re)transmission, the DCI scheduling CBG-based (re)transmission carries single RV field for the transport block. Hence option 3 is precluded?

	MediaTek
	Option 2 is preferred to save on the DCI overhead.

	Lenovo, Motorola Mobility
	Option 2 is preferred.

	ZTE
	We prefer to use option 2.
As stated in our answer to Q1. We would prefer to not have any CBG indication for the soft-buffer handling. However, if it is agreed to have at least 1, then Option 2 would be our preference.
In such case, the bit could be used to flush the soft-buffer(s) of preempted CBG(s). This option could then be used instead of preemption indication.   

	Qualcomm
	Option 2 is preferred. This option actually does fit the general description of the mode 4, and is close to what we described as variation of mode 4 in our answer to question 1.

	Apple
	Option 2 preferred.

	Ericsson
	Option 2 is preferred; we should keep the DCI size limited.

	LG
	Option 2 or reusing NDI field is preferred

	Huawei
	Option 2 is preferred but we should further discuss whether this bit field is a dedicated field or it is possible to reuse some existing field to reduce the total DCI overhead.

	Fujitsu
	Option 2 is preferred.

	WILUS
	Option 2 is preferred.

	Panasonic
	Option 1 for the flexibility.

	Nokia
	Option 2 as the basis. It should be possible to jointly interpret NDI and CBGTI so that there is no need for a dedicated CBGFI bit is not necessary

	Intel 
	Option 2. 

	OPPO
	Option 2 is preferred when the number of CBGs is indicated by L1 singling.
When the number of CBGs is indicated RRC signaling, in order to reduce DCI overhead, we propose to support that CBGTI can be indicated by reinterpreting an existing DCI field (R1-171327,). Therefore, we propose a new Option 5 as following:
Option 5: CBGTI is indicated by reinterpreting an existing DCI field, and CBGFI is indicated by 1 bit.

	Vivo
	Option 2 is preferred. Reusing the existing fields can also be considered.

	Sony
	Option 2 is preferred.

	CATT
	Option 2 is preferred with the assumption that NDI = CBGFI




If any other important topics to be decided urgently, please add below.

	Company
	View

	NTT DOCOMO
	For mode 2, we want to explain how the CBG flushing out information is done without any explicit field. 
The possible way is to re-use the RV field by comparing the value of the RV field in the DCI for the current transmission with that in the DCI for the latest transmission. Re-transmission with the same value of RV is useful for the case of puncturing and hence, if the UE receives a DCI scheduling CBG-based re-transmission with the same RV field as in the latest transmission, the UE shall flush the buffer; otherwise, UE understands the failed CBG(s) is caused by error, UE shall combine the received soft bits and stored soft bits in the soft buffer before decoding.

	Qualcomm
	We appreciate DOCOMO’s intention to reuse existing fields to save more bits for the CBGFI indication. We have similar thinking. However, we propose the reuse the NDI field, instead of the RVID field. Basically, for a CBG level retransmission, by definition, this is a retransmission, and NDI field should not be flipped. In other words, the NDI field carries no meaning for CBG level retransmission. We can “steal” the field to carry flushing or not information. The main benefit comparing to using same RVID to carry the information is to keep the flexibility of using different RVIDs. For example for flushing, it will be preferred RVID 0 is use for the next transmission. However, if a flushing is intended for a previous transmission of RVID not equal to 0, we will be forced to use the same RVID and cannot use RVID 0 instead.

	Ericsson
	We have a similar view as Qualcomm, the “NDI” bit can be used to indicate flushing of the CBG buffers.

	LG
	We also think reusing NDI field can be considered. Another issue is to handle the case when a UE receives both preemption indication and flushing indication by CBG. Our view is that both can be applied to minimize flushing or preemption indication has higher priority. 

	Huawei
	For mode 2, an implicit way can be used to indicate how the CBG flushing out information is done. 
One possible way is based on the timing of (re)transmission. If DCI scheduling (re)transmission before A/N is detected by UEs, the UE shall flush the buffer.
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	If NDI is re-used to indicate for soft-buffer flushing, we need to further discuss how to handle DTX-to-ACK error case and subsequent transmission case. Similar issues were raised when we discussed about NDI and CBGTI joint encoding. If there are no significant problems, we also agree that NDI can be reused to indicate CBGFI. Otherwise, another option is to reuse (part of) MCS field for CBGFI. 

	Panasonic
	We are not sure to use NDI and RV field usage as the initial transmission may be missed by UE. What is "initial transmission" is no common understanding between UE and gNB.

	Convida Wireless
	We agree with Ericsson that NDI can be used to indicate flushing

	Intel 
	Re-interpreting the NDI field for RV indication may cause problem when DTX-to-NACK error happens and subsequent retransmission is conducted by eNB.  



3. Conclusion

Proposed conclusion
· For the following discussion on CBG-based retransmission, define the terms CBGTI and CBGFI as below. 
· CBGTI (CBG transmission information) means information on which CBG(s) is/are (re)transmitted and, 
· CBGFI (CBG flushing out information) means information on which CBG(s) is/are handled differently for soft-buffer/HARQ combining
· Mode 1 to 4 are defined as below.
· Mode 1: A DCI does NOT include both CBGTI and CBGFI.
· Mode 2: A DCI only includes CBGTI.
· Mode 3: A DCI only includes CBGFI.
· Mode 4: A DCI includes both CBGTI and CBGFI.
· Note: Whether/how to reflect the above terminologies in specification are up to editors. 

Proposal 1
For Mode 1, the following can be considered for down-selection.
· Option 1: A DCI includes a 1-bit bit field to indicate whether the scheduled PDSCH includes all CBGs of a TB or only CBGs indicated by UE HARQ-ACK feedback.
· FFS: multiple CW case
· Option 2: A DCI does not include a 1-bit bit field to indicate whether the scheduled PDSCH includes all CBGs of a TB or only CBGs indicated by UE HARQ-ACK feedback.

Proposal 2
For Mode 4 and single CW case, when N is the maximum number of CBGs configured by RRC, the following can be considered for DL scheduling
· N bits for CBGTI, and the other 1 bits for CBGFI
· FFS: whether to have one-bit TB-level NDI separately or to jointly encode TB-level NDI information with the N bits of CBGTI. 
· FFS: whether to have one-bit TB-level NDI separately or to jointly encode TB-level NDI information with the 1 bits CBGFI. 
· FFS: whether CBGTI or CBGFI or both is indicated by reusing the other bit field(s) in a DCI (e.g. MCS)
FFS on multiple CW case.

Proposal 3
For UL CBG-based (re)transmission, following information is configured to be included in a DCI:
· Which CBG(s) is/are (re)transmitted, i.e., CBGTI
· For single CW case, N bits for CBGTI as configured by RRC
· FFS: whether to have one-bit TB-level NDI separately or to jointly encode TB-level NDI information with the N bits. 
· FFS: whether N bits is indicated by reusing the other bit field(s) in a DCI (e.g. MCS)
· FFS on multiple CW case
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