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Introduction
	For enhancement of scheduling and HARQ procedure in NR [1], the following agreements on CB-group (CBG) based (re)transmission were made in RAN1#89. 
	Agreements:
· For downlink data transmission with CBG based (re)transmission,
· The number of CBG HARQ ACK bits for a TB is at least equal to the number of CBGs indicated or implied for transmission
· FFS whether or not the UE transmits HARQ ACK bits for CBGs not indicated or implied for transmission
· FFS “indicated or implied” is realized by RRC, MAC, L1 signalling, or implicitly derived
· FFS HARQ ACK feedback on one channel for the case of multiple TBs
· FFS for fallback 

Agreements:
· 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.

Agreements:
· For grouping CB(s) into CBG(s), following is adopted.
· With indicated 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 indicated number of CBG 
· FFS “indicated” is realized by RRC, MAC, L1 signalling

Agreements:
· At least following is supported.
· For a given number of CBGs for a given TB, the number of CBs per CBG should be as uniform as possible.
· The difference of CB number per CBG between any two CBGs is either 0 or 1.
· FFS on the detailed rule for the CB grouping.
· Study further benefit and realization of non-uniform CB distribution across CBGs.



Furthermore, the following agreements and working assumptions on CB-group (CBG) based (re)transmission were made in RAN1-NR#2. 
	Agreements:
· RAN1 advises based on the current understanding that RAN2 can make progress without taking into account the progress of CBG retransmissions and pre-emption indication.
· RAN1 will strive for making CBG retransmissions and pre-emption indication being not be visible in the MAC spec.

Working assumption:
· For initial transmission and retransmission, each CBG of a TB has the same set of CB(s).

Agreements:
· One TB is mapped to one DL/UL carrier.
· Re-transmission of a TB cannot take place on different carrier than the initial transmission.
· Working assumption:
· Re-transmission of a TB cannot take place on different numerology than the initial transmission in Rel. 15.
·  When uplink CBG-based (re)transmission is configured, the UL grant indicates which CBG(s) of a TB is/are retransmitted

Agreements:
· For CBG-based (re)transmission, the DCI scheduling CBG-based (re)transmission carries single RV field for the transport block. 



This document captures the remaining issues on CBG-based (re)transmission and makes agreements for down-selection among options in RAN1#90 (21-25 Aug 2017) based on the followings.
	Email approval until 13th July about followings to have down selection – Jeongho (Samsung)
· For the indicated number of CBGs per TB where “indicated” is realized by RRC, MAC, L1 signalling, the following options are considered for down-selection in RAN1#90. 
· Option 1. RRC signaling (for bit-field size)
· Option 2. L1 signaling (for indication the number of CBGs per TB) + RRC signaling (for bit-field size) 
· Option 3. both Option 1 and Option 2 
· To determine the number of CBG HARQ-ACK bits per TB, the following options are considered for down-selection in RAN1#90.
· Option 1. A UE transmits HARQ-ACK bits only for scheduled CBGs.
· “scheduled CBGs” means the CBGs scheduled in a (re)transmission
· Option 2. A UE transmits HARQ-ACK bits for indicated CBGs.
· FFS: “indicated” is realized by RRC, MAC, L1 signalling
· Option 3. both Option 1 and Option 2 by configuration
· For DL CBG-based (re)transmission, when information on which CBG(s) is/are (re)transmitted is configured to be included in the DCI, the following options are considered for down-selection in RAN#90.
· Option 1. TB-level NDI is jointly encoded with the information on which CBG(s) is/are (re)transmitted 
· Option 2. There is separate 1-bit bit-field for TB-level NDI.
· When CBG-based retransmission is configured, TB-level HARQ-A/N is supported and at least following options can be considered for down-selection in RAN1#90. 
· Option 1. Add 1 bit upon CBG-level HARQ-ACK bits 
· Option 2. Use all NACK of CBG-level HARQ-ACK bits
· Option 3. Use different PUCCH format or PUCCH resource
· For HARQ-ACK codebook for CBG-based retransmission, the following options are considered for down-selection in RAN1#90.
· Option 1. Dynamic codebook determination for multiple PDSCHs
· Option 2. Semi-static codebook determination for multiple PDSCHs
· Option 3. both Option 1 and Option 2 by configuration



Companies are encouraged to provide inputs by 13th July.
Discussion 
[bookmark: _Ref465413974]This section discusses, when CBG-based (re)transmission is configured, 
1) how to indicate the number of CBGs per TB, 
2) how to determine the number of CBG HARQ-ACK bits per TB, 
3) how to indicate TB-level NDI,
4) how to indicate TB-level HARQ-ACK/NACK, and
5) how to determine HARQ-ACK codebook.
In our view, supporting multiple options in each proposal does not mean supporting any combination of supported options. 


Proposal 1
· For the indicated number of CBGs per TB where “indicated” is realized by RRC, MAC, L1 signalling, the following options are considered for down-selection in RAN1#90. 
· Option 1. RRC signaling (for bit-field size)
· Option 2. L1 signaling (for indication the number of CBGs per TB) + RRC signaling (for bit-field size) 
· Option 3. both Option 1 and Option 2 

If you have any concern on this proposal, please share your view.
	Company
	Views

	NTT DOCOMO
	Option 1 is preferred. 

	Nokia
	Option 1 is preferred – the number of CBGs is configured by RRC

	CATT
	Options 1 and 2 can be considered until next meeting, though Option 1 is our preference. We don’t see why Option 3 should be considered

	QCOM
	Option 1 is preferred

	Ericsson
	Option 1 is preferred

	OPPO
	Option 1 should be supported at least for HARQ-ACK multiplexing in order to avoid the ambiguity about the HARQ-ACK feedback sequence, caused by PDSCH missing.


Without HARQ-ACK multiplexing, Option 2 can be supported to reduce UCI overhead.

	Samsung
	Option 3 is preferred. Our view is as below.
When CRC is attached to UCI, the gNB indicates the number of CBGs per TB by L1 signaling. Then, UCI payload can be dynamically changed.
When no CRC is attached to UCI, the gNB configures the number of CBGs per TB by RRC signaling and there are bit-fields for CBG transmission indication and/or CBG flushing out indication.

	[bookmark: _Hlk487644635]WILUS Inc.
	Option 1 is preferred. The maximum number of CBGs can be configured by RRC signalling and then the exact number of CBGs can be determined by TBS and the configured maximum number of CBGs. 

	Lenovo, Motorola Mobility
	Option 1 is preferred.

	Sharp
	Option 1 is preferred.

	Fujitsu
	Option 1 is preferred.

	Huawei, HiSilicon
	Option 1 is preferred, i.e. RRC to configure the number of CBGs N for bit-field size, where N is the maximum number of CBGs per TB. The actual number of CBGs of a scheduled TB, M can be M=min(C, N) where C is the number of CBs of a TB.

	HTC
	Option 1 is preferred.

	APPLE
	We think CBG bit field size (i.e., max number of CBGs supported) can be determined based on RRC signalling, which makes sure DCI size fixed. The actual number of CBG for a given TB could be determined based on TBS by predetermine rule.

	vivo
	Option 1 should be supported.
Option 2 can be further discussed. 

	KT Corp.
	Option 1 is preferred when the smaller number than maximum number CBG can be always distinguished implicitly but exactly by the indication of the number of CBs in TB. If the number of CBG must be variable from the number of CBs, Option 2 is preferred.

	ZTE
	Option 2 is preferred.
The number of CBGs configured by RRC can be used to determine the number of bits for CBG bitmap in DCI.
The number of CBGs indicated by L1 signaling can be used as the number of scheduled CBGs. It seems that the CBG bitmap in DCI can be used as L1 signaling. For the initial transmission of a TB, number of bits set to 1 in the CBG bitmap can be the indicated number of scheduled CBGs.
RRC signaling is not for timely adjustment of the number of scheduled CBGs according to TBS.

	Sony
	It is unclear what it means by RRC signal the “bit field size” in Option 1.  If RRC is to indicate something like the maximum number of CBG and UE work out the number of CBG based on some formula then why is there a need of “bit field size” in the DCI?
If “bit field size” is related to the bitmap of (re)transmitted CBG then is the intention that we have different DCI format for each different number of configured CBG?  How many such formats are we expecting?

	MediaTek
	Option 1 is preferred.

	LG
	Option 1 is preferred.

	InterDigital
	Option 3 is preferred for the same reasons that Samsung mentioned.

	Intel
	We prefer Opt. 2. It allows gNB flexibly grouping CBs to CBGs on a slot basis to align the CBGs to symbol boundary to the maximum possible extent and hence improve the CBG-mapping efficiency. For instance, maximum number of CBGs, ‘N’, can be configured semi-statically by RRC for a given UE. The actual number of CBGs for initial transmission in a slot can be smaller than ‘N’ and dynamically signalled by using DCI format. This also provides a robust way to support dynamic switching between CBG-based and TB-based transmissions when CBG-based operation is configured via higher layers. It should also be noted that even for Option. 1, the CBG indicator field is expected to be present in the DCI scheduling initial transmission. More details can be found in our contribution R1-170569.    

	Panasonic
	Option 1

	Sequans
	Option 1



Proposal 2
· To determine the number of CBG HARQ-ACK bits per TB, the following options are considered for down-selection in RAN1#90.
· Option 1. A UE transmits HARQ-ACK bits only for scheduled CBGs.
· “scheduled CBGs” means the CBGs scheduled in a (re)transmission
· Option 2. A UE transmits HARQ-ACK bits for indicated CBGs.
· FFS: “indicated” is realized by RRC, MAC, L1 signalling
· Option 3. both Option 1 and Option 2 by configuration

If you have any concern on this proposal, please share your view.
	Company
	Views

	ZTE
	When CBG based transmissions are configured the overhead in uplink signalling including the UCI payload will increase. At this point of time, we do not want to preclude the possibility to introduce overhead reduction techniques,because:   

1) The maximum number of CBGs per TB has not been discussed yet. The more CBGs that are possible during one TB, the larger the signaling overhead. We would rather first determine the maximum number of CBGs and then choose a suitable feedback scheme than vice-versa. 
2)  Ack/nack  for multiple TBs in one UCI would further increase the uplink overhead. The multiple TBs might come from different slots, layers or component carriers 

In order to address the above we would like to add a note for clarification on the second mail bullet. The formulation of the second main bullet is a bit ambiguous in our view. We would like to clarify what will be the actual number of feedback bits that is being used.   
a) Does Option 1 mean that the number of feedback bit is equal to the number of CBGs that have been scheduled and in option 2, equal to the number of CBGs that are indicated? 
b) Or, when it is said that the number of bits is determined based on Option 1 or 2, does it mean that these options are just the basis for the determination of feedback bits, but the actual number of bits can be different. 

Our understanding is the latter possibility b). To make this clear, we would like to a note into the second main-bullet: " "Note: Option1 and Option2 are the basis for the scheme to determine the number of feedback bits.  Overhead reduction schemes can be considered. The number of actually used feedback bits can be different from the number of scheduled CBGs (Option1) or indicated CBGs (Option2). "
Based on the discussion above, Option 2 is supported at least. Feedback overhead reduction in Option 1could be further considered. 
For example, we can configure the maximum HARQ-ACK bits as basis of Option 2. We can dynamically adjust HARQ-ACK bits according to PUCCH resource requirements (e.g., CBG bitmap in DCI can be used for HARQ-ACK bits).

	NTT DOCOMO
	Option 1 realizes the dynamic HARQ-ACK codebook size for CBG based (re)transmission; option 2 achieves semi-static HARQ-ACK codebook size (CBS) for CBG based (re)transmission. In LTE eCA, both semi-static and dynamic HARQ-ACK codebook size are supported. For NR, it is noted that either variable number of scheduled CBGs or variable number of scheduled carriers/slots or both of them will lead to dynamic HARQ-ACK CBS which seems difficult to support such “two-level” dynamic. Therefore, option 2 is preferred, but if good methods can be found to support dynamic HARQ-ACK CBS for CBG based (re)transmission, we are also open to option 3.

	Nokia
	Assuming the number of indicated CBGs is signaled via RRC (Nokia preference), option 2 would result in a semi-static number of HARQ-ACK bits per TB, while option 1 would result in a dynamic number depending on the actual number of CBGs scheduled. We think the semi-static number of HARQ-ACK bits per TB should at least be supported. The dynamic size can be further investigated. This should be considered together with the general dynamic codebook size design for multiplexing HARQ-ACK for multiple PDSCHs.
We need to evaluate the tradeoff between the additional DL DCI overhead (to handle the DCI decoding errors, e.g. DAI) vs. the UL UCI overhead savings. Our preliminary analysis suggests that the DL DCI overhead can be potentially quite large for a reasonable number of CBGs (e.g. 8) with DAI-like approach.
In short, our preference for now is option 2 (one HARQ-ACK bit for each indicated CBG) with the number of CBGs indicated via RRC signaling. Other options can be further investigated.

	CATT
	Similar view as Nokia that Option 2 should at least be supported with RRC signalled number of CBGs, and that Option 1 should be studied under the general framework of dynamic HARQ-ACK codebook design for multiple PDSCHs.

	QCOM
	Option 2 is preferred. We understand the benefit of sending CBG A/N bits for transmitted CBGs only, but the reliability is questionable especially when there is carrier aggregation. However, on top of Option 2, further CBG A/N compression schemes can be considered.

	Ericsson
	Option 2 is preferred to avoid error cases

	OPPO
	Actually, this issue should be considered with the solution of proposal 1 together.
For HARQ-ACK multiplexing, the number of HARQ-ACK bits should equal to the number of CBGs indicated by RRC (Option 2 with RRC signalling), in order to avoid the ambiguity about the HARQ-ACK feedback sequence, as mentioned for proposal 1.
Without HARQ-ACK multiplexing, there is no ambiguity issue. Since the UCI overhead for CBG-based transmission is large, UCI overhead reduction should be considered. The number of HARQ-ACK bits equals to the number of scheduled CBGs (option 1) can be considered as baseline.

	Samsung
	At least, option 2 should be supported.
To avoid always having a very large HARQ-ACK payload size, option 1 can be also supported. So, option 3 is preferred.

	WILUS Inc.
	[bookmark: _Hlk487644669]The pros and cons of Option 1 and Option 2 are summarized in the following table.
	
	w/ HARQ-ACK multiplexing
	w/o HARQ-ACK multiplexing

	Option 1
	(pros) Reduce UCI payload size
(cons) HARQ-ACK bits ambiguity in DTX case
· Increase DCI overhead (additional DAI bits for CBG-level indication may be required)
	(pros) Reduce UCI payload size

	Option 2
	(pros) No HARQ-ACK bits ambiguity in DTX case
(cons) High UCI overhead
	(cons) High UCI overhead


From a UCI overhead point of view, Option 1 is preferred. However, Option 2 has benefits in case of HARQ-ACK multiplexing. So, our view is that at least Option 1 without HARQ-ACK multiplexing should be supported. Option 2 without HARQ-ACK multiplexing is not preferred because it provides no clear advantages. With HARQ-ACK multiplexing, Option 1 and Option 2 can be further investigated under trade-off between UCI overhead reduction and DCI overhead increase. 

	Lenovo, Motorola Mobility
	Basically, Option 1 leads to dynamic HARQ-ACK codebook size while Option 2 leads to semi-static HARQ-ACK codebook size if RRC signalling is used to configure the maximum number of CBGs of one TB. We think semi-static HARQ-ACK codebook size should be supported as baseline. So Option 2 is preferred with maximum number of CBGs of one TB configured by RRC signalling.
Considering the retransmitted CBG(s) can be indicated in DCI, HARQ-ACK codebook size can be equal to the number of retransmitted CBG(s). There is no ambiguity between gNB and UE. So Option 1 can be also supported. 

	Sharp
	Option 2 is preferred. The number of HARQ-ACK bits remains the same for both initial transmission and retransmissions except for the case of TB-level HARQ-ACK fallback.

	Fujitsu
	Option 2 is a baseline. Option 1 could be considered for further study. For option 1, the UE transmits a HARQ feedback only for CBGs that are actually retransmitted by the gNB. The UE has no way to fix NACK-to-ACK errors.
We also think the overhead reduction should be considered. We agree with ZTE to add the note into the second main-bullet notes.

	Huawei, HiSilicon
	Option 2 is preferred and together considering the preference in Proposal 1, at least semi-static number of HARQ-ACK bits per TB should be supported. 

	HTC
	Similar view as Samsung. Option 3 is preferred. Option 2 can be a baseline. However, the possibility of a dynamic HARQ codebook design for CBG-based (re)transmission (Option 1) should not be precluded at this stage. Such discussion should be conducted under the general framework for multi-PDSCH.

	APPLE
	We prefer to support at least option 2 – semi static code book.

	vivo
	Option 2 should be supported.
Option 1 can be further discussed. 

	KT Corp.
	Option 1 is preferred. Option 3 is also acceptable if the configuration depends on the number of maximum CBG. Option 1 does not have merit when the configured maximum number of CBG is sufficiently small.

	Sony
	Option 2 is a cleaner solution and should at least be supported but this may be not efficient if the number of CBG is large.  Option 1 can be studied further to ensure a more efficient way of transmitting the ACK/NACKs.

	MediaTek
	Option 2 has simpler control signaling and is therefore preferred.

	LG
	Option 2 is preferable. In addition, Option 1 can be considered in terms of reducing HARQ-ACK payload, combined with TB-level reTX indication with consideration of potential N-to-A error.

	InterDigital
	We prefer Option 1 especially if per-TB feedback in addition to per-CBG feedback is supported. 
Option 2 provides protection against NACK-to-ACK errors, but it may lead to an unnecessary increased load on the PUCCH. The NACK-to-ACK error case may be mitigated by falling back to per-TB feedback. 

	Intel
	Option 2 is preferred to address the potential ACK/NACK false detection issue as elaborated in our contribution R1-1710571. Note that the HARQ-ACK bits number should be determined based on the actual numbers of CBGs indicated by the DCI format for initial transmission so as to minimize the HARQ-ACK payload. 

	Panasonic
	For simpler case (non-CA with FDD), option 1 is at least supported. For complicated case (CA and/or TDD), using DAI or similar mechanism, option 1 can be considered. If no agreement is reached on option 1, option 2 should be taken.

	Sequans
	Option 2 but on top of Option 2, CBG A/N compression schemes can be considered.



Proposal 3
· For DL CBG-based (re)transmission, when information on which CBG(s) is/are (re)transmitted is configured to be included in the DCI, the following options are considered for down-selection in RAN#90.
· Option 1. TB-level NDI is jointly encoded with the information on which CBG(s) is/are (re)transmitted 
· Option 2. There is separate 1-bit bit-field for TB-level NDI.

If you have any concern on this proposal, please share your view.
	Company
	Views

	NTT DOCOMO
	Option 1 is preferred. Since it is unnecessary to introduce additional 1 bit NDI field to duplicate the function.

	Nokia
	Option 1 – common bit for all re-transmitted CBGs is sufficient

	CATT
	Option 1 is preferable

	QCOM
	As which CBGs to retransmit is included in DL DCI, we don’t see the need to have a separate NDI. However, for DCI design, we would like to see the same DCI format for initial transmission and retransmission. Thus the TB NDI bit will be there. It is possible to re-interpret the bit to have other meaning, such as soft buffer flushing for the retransmitted CBGs, in case the retransmission is from pre-emption.

	Ericsson
	Option 2 is preferred. With NDI based on fixed value, a single missed DCI can cause the UE to think that the next DCI indicates that there should be a retransmission of the previous TB instead of a new TB. With toggling NDI this single-error case can be avoided since the NDI in the next DCI would also appear toggled compared to the NDI in the last DCI for the previous TB. There can still be errors due to multiple consecutive errors with toggling NDI, but the single-error events are more likely than multiple consecutive errors.

	OPPO
	We support option 2. Even after CBG-based retransmission, gNB should be still able to schedule the transmission of the whole TB. In this case, Option 1 may lead to the misunderstanding of the retransmission.

	Samsung
	Option 1 is preferred. Similar to toggling of legacy NDI, CBG indication may be used with toggling in order to avoid DCI miss detection cases.

	WILUS Inc.
	Option 2 is preferred. If TB-level NDI is jointly encoded with CBG information (CBGI), we should carefully consider the following DTX-to-ACK error case. It can potentially result in misunderstanding between UE and gNB. 
· (DTX-to-ACK error for initial transmission) Suppose that CBGI=[11…1] indicates that a new TB is scheduled in this transmission. If a UE fails to detect the PDCCH including CBGI=[11…1] (i.e., DTX), gNB would retransmit this TB with the same CBGI=[11…1] to indicate a new TB. When DTX-to-ACK error event occurs, gNB regards some of CBGs are ACKed and retransmits only the remaining NACKed CBGs with different CBGI (CBGI=[011…1] for example). In this case, the UE thinks that this transmission is retransmission of a previously received TB, not a new TB.
However, if a separate bit for NDI is introduced, the error case would be easily detected at UE by monitoring the separate bit for NDI.

	Lenovo, Motorola Mobility
	Option 2 is preferred. 

	Sharp
	Option 1 is preferred. Initial transmission should include the whole TB. Partial transmission (i.e., transmission of some CBGs, not all the CBGs) of a TB can only be used for retransmission. Thus, TB-level NDI can be jointly encoded with the information on which CBG(s) is/are (re)transmitted.

	Fujitsu
	Option 1 is preferred. CBG retransmission indication can be used to indicate whether it is new data or not. 1 bit for TB-level NDI is not required.

	Huawei, HiSilicon
	Option 2 is preferable. Special DCI format is not preferred for CBG retransmission from that for initial transmission, thus the NDI field will anyway exist. This field will be able to provide robustness for potential error case, e.g. DTX-to-ACK, comparing to Option 1.

	APPLE
	Option 2 is preferred to avoid error case and keep it simple. If initial transmission is lost and retransmission is received at UE with part of CBGs indicated, then NDI information is lost and UE and gNB would have different understanding on CBGs in transmission.

	vivo
	Further discussion needed, for example in option 1 how the TB NDI is encoded with the CBG indication information and error case handling. 

	KT Corp.
	We agree that the new data can be jointly encoded without additional overhead, however, we does not have preference if there are significant merits introducing new additional bit. 

	ZTE
	Option 1 is preferred.

	Sony
	Option 1.

	MediaTek
	Option 2 is preferable since it is simple and straightforward. In addition there is no clear motivation for jointly encoding the 1-bit NDI with the CBG(s) indication in option 2, even if 1 bit NDI saving is achievable- which is unclear at this stage- the likelihood is that the additional complexity is not worthwhile. In addition, any joint encoding method will have problems of scalability for different number of configured CBG(s) and hence will reduce the flexibility.

	LG
	Option 2 or the following new Option 3 is preferred.
Option 3: DCI indicates either TB-level TX or CBG-level reTX. If TB-level TX is indicated, NDI is used for the original function (i.e., indicate whether current TX is initial TX or reTX). If CBG-level reTX is indicated, NDI (and some other field) is used for the indication of reTX CBGs. 
However, in our view, this proposal 3 seems premature to be discussed at this stage before deciding overall DCI structure/composition for CBG reTX scheduling, e.g., whether DCI contents are the same between TB-level TX and CBG-level reTX. Therefore, it is better to discuss on the overall DCI structure/composition first before discussing on the details including this proposal.

	InterDigital
	Option 1 – an explicit NDI bit per-TB is not needed in such case, given a higher granularity is configured per-CBG.

	Intel
	Option 2 is preferred. More discussion on the Option.1 seems needed for better understanding. Our current interpretation on Opt.1 is that one field is shared for TB-level NDI and CBG-based (re)-transmission indication. For example, the state “00...0” can be interpreted to indicate TB-level new data transmission (i.e. TB-Level NDI). One potential issue of this method is that it can result in misalignment on the intended TBs between gNB and UE if DTX-to-NACK detection error happens.

	Panasonic
	Option 2. Let's consider following sequence of DCI of the same HARQ process.
1. DCI for Partial TB A -> 2. DCI for full TB B -> 3. DCI for partial TB B.
When "2 DCI for full TB B" is not able to detected by UE and if TB level NDI is not available, UE would consider 3rd DCI for partial TB as still TB A because of UE don't know TB level NDI. Therefore, TB level NDI is required. By smart way of the mapping of each CBG, equivalent to TB-level NDI may be possible but we don't know what encoding is smart way. Until clear idea is shown, our preference is option 2.
If DCI for full TB is required to be received before the reception of DCI for partial TB, not to have TB level NDI is possible but it requires more reliability on DCI for full TB, which requires more aggregation levels or more power.

	Sequans
	Option 2 is preferred, but on top of Option 2, DCI compression scheme need to be considered, for instance, no need to indicate transmitted CBG if a TB is transmitted for the first time.



Proposal 4
· When CBG-based retransmission is configured, TB-level HARQ-A/N is supported and at least following options can be considered for down-selection in RAN1#90. 
· Option 1. Add 1 bit upon CBG-level HARQ-ACK bits 
· Option 2. Use all NACK of CBG-level HARQ-ACK bits
· Option 3. Use different PUCCH format or PUCCH resource

If you have any concern on this proposal, please share your view.
	Company
	Views

	NTT DOCOMO
	Depends on the conclusion on the HARQ-ACK codebook size determination. If dynamic HARQ-ACK CBS is supported, option 1 is preferred; otherwise, option 2 is preferred. Regarding option 3, compared to option 1 and option 2, additional specification efforts are needed to indicate the PUCCH resource for the TB-level HARQ-A/N and such resource needs to be reserved for just in case. In addition, blind decoding is required at gNB side. 

	Nokia
	Option 2 preferred

	CATT
	No concerns, all three can be considered after agreeing on other aspects listed above

	QCOM
	This depends on the CB level CRC length eventually determined in coding group. If CB level CRC is reliable enough, we believe Option 2 is good enough when the false CRC pass of any one of the CBs is negligible. On the other hand, if CB level CRC is not long enough, and the false CRC pass of CB CRC becomes non-negligible, a separate TB level A/N is needed and Option 1 or Option 3 should be used. For option 1, always adding 1 bit seems to be wasteful. It might be good enough to reuse the A/N bits for the already acknowledged CBGs. For Option 3, though the design promises UL control overhead saving, since gNB does not know which type of A/N will be transmitted from the UE ahead of time, but types of resources (TB level or CBG level) need to be granted/reserved and blind detection is needed. It might be hard to achieve the overhead saving.

	Ericsson
	Option 2 is preferred.

	OPPO
	This issue should be considered with the solution of proposal 2 together.
If the number of HARQ-ACK bits equals to the number of scheduled CBGs, add 1 bit upon CBG-level HARQ-ACK bits (option 1) should be used.
If the number of HARQ-ACK bits equals to the number of CBGs indicated by RRC, using all NACK of CBG-level HARQ-ACK bits (option 2) should be used.
Option 3 should not be supported, since:
· Low efficiency of PUCCH. At least two PUCCH resources should be allocated to one UE.
· Blind detection of PUCCH leads to performance loss.

	Samsung
	This is related to Proposal 2 above.
Option 2 is preferred when a UE transmits HARQ-ACK bits for indicated (or configured) CBGs.
Option 3 is preferred when a UE transmits HARQ-ACK bits only for scheduled CBGs.

	WILUS Inc.
	This issue should be jointly considered with proposal 2. If HARQ-ACK bits for indicated (or configured) CBGs is supported, then Option 2 is preferred. 
If HARQ-ACK bits only based on scheduled CBGs is supported, the following mixed approach of Option 1 and Option 2 is preferred. The mixed approach can enjoy 1-bit TB-level HARQ-ACK savings.
· Mixed approach: Either Option 1 or Option 2 can be selected depending on the presence of the already ACKed CBG bit. If there are no ACK CBG bits (e.g. full TB transmission), all NACK of CBG-level HARQ-ACK bits (option 2) can be used to indicate TB-level NACK without an additional 1-bit TB-level HARQ-ACK. Otherwise (e.g. partial TB transmission), it seems beneficial that 1-bit TB-level HARQ-ACK (option 1) is mapped to the already ACKed CBG bit.

	Lenovo, Motorola Mobility
	Option 2 is preferred. 

	Sharp
	In our understanding, Option 3 is a fallback solution from CBG-level scheduling to TB-level scheduling, which should be supported in NR anyway.

	Fujitsu
	Support of option 1 is preferred. TB-level CRC failure is informed by the TB-level bit. This is the most robust and reliable solution.

	Huawei, HiSilicon
	Option 2 is preferable.

	HTC
	Same view as Fujitsu. Option 1 is the most robust and reliable solution. Furthermore, if a dynamic HARQ codebook is to be supported, a reliable way to signal a TB NACK would be indispensable. The decision to this proposal has implication to Proposal 2.

	APPLE
	We prefer option 2.

	vivo
	Slightly prefer option 2, but agree with QCOM that it is related to the CBG CRC design in channel coding session. 

	KT Corp.
	We also prefer Option 1 if dynamic HARQ-ACK CBS is supported. Considering Option 2 and 3, the option also depends on the reliability of CB-level CRC since the CBG-level CRC is not introduced. Option 3 is preferred when the CB-level CRC reliability is low so the miss-detection can occur frequently, because of its overhead for blind detection. However, if miss-detection of CB-level CRC occurs very rarely at all circumstances, Option 2 is preferred. Option 2 is adoptable even if dynamic HARQ-ACK CBS is supported. In this case, the transmitter may send whole TB again when continuous all-NACK feedbacks are received. That is, we prefer:
Option 1 when dynamic HARQ CBS is supported.
Option 2 when CB-CRC has high reliability.
Option 3 when CB-CRC has low reliability and dynamic HARQ CBS is not supported.

	ZTE
	The probability of a TB being retransmitted is about 10%. If the CBG retransmission is configured and the CBG HARQ-ACK bits are large, the UE always feeds back the CBG HARQ-ACK and the UCI overhead will be large, In that sense, TB HARQ-ACK should be supported. 
In the option3, TB HARQ-ACK resources/format and CBG HARQ-ACK resources/format can be different or same. It can be further studied.
For the option3, 1 bit for TB HARQ-ACK can be sent separately for saving overhead and energy if TB is correct. Otherwise, TB needs to be retransmitted (e.g., all CB's CRC is passed, but the CRC of the TB is not passed). Overall, option3 can save the UE power consumption or increase the coverage.
For the option1, there is always 1bit overhead. This increase the coding rate of UL control. For option2, it always uses a fixed HARQ-ACK bits and waste power. Option3 will slightly increase the detection complexity of the base station, But it will get better performance for HARQ-ACK by reducing the HARQ-ACK bits. For base station detection, the blind detection complexity is acceptable and can be solved by proper design. So, we think option3 should be supported.


	Sony
	Similar views with Oppo.
If dynamic ACK/NACK bits are used in PUCCH then we prefer Option 1 otherwise Option 2.
Please clarify that Option 2 meant all CBG’s are ACKed rather than NACKed.

	MediaTek
	We do think that having the TB-level ACK/NACK supported would be beneficial for solving both incoherence of the TB-level and CB-level CRC as well as potential coverage issues and support of fallback mode. We therefore think that Option 1 and Option 3 should be considered. Both Option 1 and Option 3 will solve the issue of TB-level and CB-level CRC incoherence, however Option 3 will additionally allow for the fallback mode and guarantee that UEs can always use TB-level CRC to achieve the same coverage if uplink power is limited.

	LG
	Option 2 is preferable. Besides, Option 1 (combined with HARQ-ACK only for the scheduled CBGs as mentioned in the proposal 2) and Option 3 can also be considered in terms of reducing HARQ-ACK payload and PUCCH resource overhead.

	InterDigital
	We prefer Option 1. This is linked to the outcome of proposal 2.

	Intel 
	We prefer Option 2.

	Panasonic
	Even when CBG-based (re)transmission is configured, we propose to support at least two DCI format size. When larger DCI format size is used, CBG based transmission is used and the corresponding HARQ-ACK is CBG level. When small DCI format size is used, TB based transmission is used and the corresponding HARQ-ACK is TB level. For the differentiation by larger DCI format size and small DCI format size, the way of HARQ-ACK bits transmission is different by PUCCH format and/or PUCCH resource. Therefore, these difference of TB-level HARQ-A/N and CBG-level HARQ-ACK, we think option 1.
When larger DCI format size is used, option 2 is used.

	Sequans
	Share the same view as Qualcomm



Proposal 5
· For HARQ-ACK codebook for CBG-based retransmission, the following options are considered for down-selection in RAN1#90.
· Option 1. Dynamic codebook determination for multiple PDSCHs
· Option 2. Semi-static codebook determination for multiple PDSCHs
· Option 3. both Option 1 and Option 2 by configuration

If you have any concern on this proposal, please share your view.
	Company
	Views

	NTT DOCOMO
	Same answers as proposal 2.

	Nokia
	Must first agree on how the HARQ-ACK codebook is determined for multiple HARQ-ACKs when CBG is not configured before it is possible to address this point.

	QCOM
	Semi-static codebook should be supported (Option 2). It is possible to support Option 1 (dynamic codebook) as well, if there is a design that is robust enough to handle all kinds of error events, including DL DCI erasure or A/N report erasure. For option 1, we would prefer the UCI size to be fixed under to avoid blind detection in gNB side.

	Ericsson
	Option 2 is preferred

	OPPO
	We support Option 1. With HARQ-ACK multiplexing, the number of HARQ-ACK bits corresponding to one PDSCH should be fixed. However, the codebook can be dynamically determined by the number of scheduled PDSCHs.

	Samsung
	Option 3 is preferred. 

	WILUS Inc. 
	Option 3 is preferred.

	Lenovo, Motorola Mobility
	Option 2 should be supported as baseline. Meanwhile, compared to Option 2, Option 1 can be supported due to reduced signalling overhead. Moreover, dynamic HARQ-ACK codebook size has been specified in Rel-13 eCA. We can use similar mechanism to guarantee the reliability.
Option 3 is preferred.

	Sharp
	Option 2 is preferred, because there may be ambiguities among multiple PDSCHs if dynamic codebook determination is used so that additional information like DAI is needed.

	Fujitsu
	Option 3 is preferred. 

	Huawei, HiSilicon
	Option 3 is preferred. 

	HTC
	Option 3 is preferred. This should be jointly discussed with Proposal 2.

	APPLE
	At least Option 2 is supported.

	vivo
	Further discuss this issue after the followings are concluded
1) Codebook determination for CBG based HARQ-ACK for a single PDSCH, i.e. proposal 2
2) Codebook determination for non-CBG based HARQ-ACK for multiple PDSCHs, e.g. in DL CA. 

	KT Corp.
	We think that this proposal must be aligned with the selection of Proposal 2.

	ZTE
	We slightly prefer option3. Dynamic codebook is reasonable since HARQ-ACK bit of a single TB can be detected first.  For cases without payload overhead problem, we can configure it semi-statically.

	Sony
	This depends on Proposal 2, if Option 1 in Proposal 2 is selected then Option 1 here is used.  If Option 2 in Proposal 2 is selected then Option 2 is used here.

	MediaTek
	Option 2 would be simpler to adopt for the case when CBGs are configured. However for semi-static signaling to work, some restrictions need to be introduced to reduce the amount of signaling. In particular, the configured number of CBGs will need to be the same for all the PDSCHs.

	LG
	Option 3 is preferred with consideration of network flexibility in terms of UCI (e.g., PUCCH resource) overhead and DCI (e.g. PDCCH resource) overhead. 

	InterDigital
	Option 3 is preferred.

	Intel
	Option 3 is preferred. Although HARQ-ACK payload can be fixed for a given PDSCH with multiple CBGs, dynamic HARQ-ACK codebook size can be supported in case that multiple PDSCHs are associated with one UL slot for HARQ-ACK feedback to minimize control overhead. This mechanism is more important and desirable in case of CA. DAI-based mechanism may be needed, similar like the DAI design in LTE Rel-13 eCA.   

	Panasonic
	Agree DOCOMO that same reply as proposal 2.

	Sequans
	Option 2 is preferred



Others
If you have any issues that need to be discussed, please share your input.
	Company
	Views

	Nokia
	CBG construction: We suggest a simple mapping of CBs to CBGs so that the first N CBGs are mapped with K CBs each, in order of CBs in the TB, and the last M CBGs are mapped with K-1 CBs each, where
· Total number of CBGs = N+M
· Total number of CBs = N*K + M*(K-1)
This CB-to-CBG mapping is made once for a TB and each re-transmission attempt related to that TB uses the same CB-to-CBG mapping.  

	CATT
	CBG construction: a simple rule is shown in our contribution R1-1710095.

	QCOM
	For CBG construction, in addition to the agreed uniform CB to CBG grouping, we also propose to support an additional mode of boundary based CG to CBG grouping. For example, CBGs can be defined by starting OFDM symbol and ending OFDM symbol. In this way, the CBG structure can be better aligned with potential URLLC interference pattern and the CBG based retransmission can be more efficient.
For CBG A/N information inclusion in DL DCI, in order to avoid adding to the DCI length, we propose to include the CBG A/N bitmap in the CRC generation. In this way, DCI for initial transmission and CBG based retransmission are of the same structure (without DCI length increase). Details can be found in our contribution.

	ZTE
	Overhead reduction schemes on CBG based HARQ-ACK should be considered at least for the following requirements:
· To reduce the number of  HARQ-ACK bits for better coverage 
· To reduce the feedback overhead when the CBG overhead is high due to high number of CBGs e.g. in the cases of CA or multi-TBs,
With overhead reduction, HARQ-ACK codebook should not cover all the ACK-NACK states.  Only certain combinations of error states (e.g. k-consecutive NACK patterns, where k=1,2)  are covered.
To cope with interference variation within a slot, we suggest to support configurable intra-slot regions (at least two regions) in which uniform CBG grouping is configurable in each region.  This was also described in our contribution. 
The RRC configuration can support 2 regions, as the current supported uniform grouping is 1 region configuration.  

	MediaTek
	Fallback mode and potential coverage issues should be considered for the design of the ACK/NACK feedback:
· We consider that the TB-level ACK/NACK will need to be supported anyway as a fallback mode.
· When a UE is power limited, the UE may need to stop transmitting the CBG-level ACK/NACK and use TB-level ACK/NACK only to guarantee the same coverage as in the case when CBG-based transmission is not used.



Conclusions
The followings were agreed by RAN1 email approval.
· For the indicated number of CBGs per TB where “indicated” is realized by RRC, MAC, L1 signalling, the following options are considered for down-selection in RAN1#90. 
· Option 1. RRC signaling (for bit-field size)
· Option 2. L1 signaling (for indication the number of CBGs per TB) + RRC signaling (for bit-field size) 
· Option 3. both Option 1 and Option 2 
· To determine the number of CBG HARQ-ACK bits per TB, the following options are considered for down-selection in RAN1#90.
· Option 1. A UE transmits HARQ-ACK bits only for scheduled CBGs.
· “scheduled CBGs” means the CBGs scheduled in a (re)transmission
· Option 2. A UE transmits HARQ-ACK bits for indicated CBGs.
· FFS: “indicated” is realized by RRC, MAC, L1 signalling
· Option 3. both Option 1 and Option 2 by configuration
- Note: Option1 and Option2 are the basis for the scheme to determine the number of feedback bits. Overhead reduction schemes can be considered. The number of actually used feedback bits can be different from the number of scheduled CBGs (Option1) or indicated CBGs (Option2).
· For DL CBG-based (re)transmission, when information on which CBG(s) is/are (re)transmitted is configured to be included in the DCI, the following options are considered for down-selection in RAN#90.
· Option 1. TB-level NDI is jointly encoded with the information on which CBG(s) is/are (re)transmitted 
· Option 2. There is separate 1-bit bit-field for TB-level NDI.
· Option 3. TB-level NDI can be differently interpreted according to whether all CBGs of a TB is transmitted.
· When CBG-based retransmission is configured, TB-level HARQ-A/N is supported and at least following options can be considered for down-selection in RAN1#90. 
· Option 1. Add 1 bit upon CBG-level HARQ-ACK bits 
· Option 2. Use all NACK of CBG-level HARQ-ACK bits
· Option 3. Use different PUCCH format or PUCCH resource
· For HARQ-ACK codebook for CBG-based retransmission, the following options are considered for down-selection in RAN1#90.
· Option 1. Dynamic codebook determination for multiple PDSCHs
· Option 2. Semi-static codebook determination for multiple PDSCHs 
· Option 3. both Option 1 and Option 2 by configuration

Companies’ views and conclusions can be summarized as below.
Proposal 1
· Option 1 is supported by (19)
· NTT DOCOMO, Nokia, CATT, Qualcomm, Ericsson, , WILUS Inc., Lenovo, Motorola Mobility, Sharp, Fujitsu, Huawei, HiSilicon, HTC, APPLE, vivo, Mediatek, LG, Panasonic, Sequans
· Option 2 is supported by (2)
· ZTE, Intel
· Option 3 is supported by (4)
· Samsung, InterDigital, OPPO, KT Corps
Majority view is to support Option 1. 
Option 2 can be further considered when a scheduling DCI does not include information on which CBG(s) is/are (re)transmitted.

Proposal 2
· Option 1 is supported by (4)
· WILUS Inc., KT Corp., InterDigital, Panasonic
· Option 2 is supported by (21)
· NTT DOCOMO, Nokia, CATT, Qualcomm, Ericsson, OPPO, Lenovo, Motorola Mobility, Sharp, Fujitsu, Huawei, HiSilicon, APPLE, vivo, ZTE, Mediatek, LG, Intel, Panasonic, Sequans
· Option 3 is supported by (2)
· Samsung, HTC 
Majority view is to support at least Option 2. To reduce UCI payload, Option 1 can be further considered. 
However, since this seems to be somewhat related to semi-static or dynamic codebook determination, RAN1 needs to continue discussions on this together with semi-static and dynamic codebook determinations for multiple PDSCHs is supported.

Proposal 3
· Option 1 is supported by (9)
· NTT DOCOMO, Nokia, CATT, Samsung, Sharp, Fujitsu, ZTE, Sony, InterDigital
· Option 2 is supported by (14)
· Qualcomm, Ericsson, OPPO, WILUS Inc., Lenovo, Motorola Mobility, Huawei, HiSilicon, APPLE, Mediatek, LG, Intel, Panasonic, Sequans
· Option 3 is supported by (1)
· LG
Regarding TB-level NDI bit in a DCI in Proposal 3, Option 3 is newly added during email discussion and companies’ views don’t much lean toward one between Option 1 and Option 2. Option 1 can reduce 1 bit per TB in a DCI, but some companies raised concerns on error detection case for Option 1. Therefore, in RAN1 90 meeting, proponents of option 1 are encouraged to show the solution for the error case, and proponents of option 3 should provide more details. Down-selection is to be performed in RAN1#90 meeting.  

Proposal 4
· Option 1 is supported by (10)
· NTT DOCOMO, OPPO, WILUS Inc., Fujitsu, HTC, KT Corp., Sony, Mediatek, InterDigital, Panasonic
· Option 2 is supported by (18)
· NTT DOCOMO, Nokia, Qualcomm, Ericsson, OPPO, Samsung, WILUS Inc., Lenovo, Motorola Mobility, Huawei, HiSilicon, APPLE, vivo, Sony, LG, Intel, Panasonic, Sequans
· Option 3 is supported by (4)
· Samsung, Sharp, ZTE, Mediatek
This is related to Proposal 2. 
If Option 2 in Proposal 2 is used, Option 2 in Proposal 4 can be supported. If Option 1 in Proposal 2 is used, Option 1/3 can be further considered. 

Proposal 5
· Option 1 is supported by (3)
· NTT DOCOMO, CATT, OPPO
· Option 2 is supported by (7)
· CATT, Qualcomm, Ericsson, Sharp, APPLE, Mediatek, Sequans
· Option 3 is supported by (12)
· Samsung, WILUS Inc., Lenovo, Motorola Mobility, Fujitsu, Huawei, HiSilicon, HTC, ZTE, LG, InterDigital, Intel
This is related to Proposal 2.
Although semi-static/dynamic codebook determination needs to be first discussed when CBG retransmission is not configured, majority view is to support at least semi-static codebook determination. For HARQ-ACK codebook for CBG-based retransmissions, RAN1 needs to continue discussions on semi-static and dynamic codebook determinations for multiple PDSCHs is supported.

Others
Two companies suggest the detailed CBG construction rule.
In addition, non-uniform CBG construction, details of CBG information in a DCI, UCI overhead reduction, fallback mode were raised to discuss.

In summary, the following possible agreements are proposed via this email discussion.
	Possible agreement 
· At least support that the number of CBGs per TB is indicated by RRC signaling.
· FFS whether also support to indicate the number of CBGs per TB by L1 signaling. 

Possible agreement 
· For semi-static HARQ-ACK codebook determination, support TB-level NACK by setting all CBG-level HARQ-ACK bits to NACK.
· FFS whether to also support other approach(es) to inform TB-level NACK 

Possible agreement 
· For HARQ-ACK codebook for CBG-based transmissions, continue discussions on semi-static and dynamic codebook determinations

Possible agreement (for CBG construction)
When M is configured for the number of CBGs per TB and a TB consists of C CBs, the first K CBGs out of total M CBGs include ceil(C/M) CBs per CBG and the remaining M-K CBGs include floor(C/M) CBs per CBG. K is determined by K = C - floor(C/M)×M.
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