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1. Introduction
In RAN1#89 meeting, the following were agreed regarding CBG-level HARQ-ACK feedback and preemption indication [1]:
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.
· For preemption indication;
· When configured, the indication tells the UE(s) which DL physical resources have 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 email discussion after RAN1#NR_AH2 meeting, the following were agreed regarding CBG-level HARQ-ACK feedback [2]:
Agreements:
· 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).
· 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

In this contribution we discuss the UE HARQ-ACK CBG-level feedback generation, the associated TB-level ACK/NACK and the HARQ retransmission in case DL physical resources are preempted and preemption indication is configured. Additional proposals for HARQ-ACK feedback multiplexing and bundling are provided in our companion contributions [3][4].
Preemption-aware HARQ-ACK feedback
In NR, it has been supported to dynamically multiplex data with different transmission duration on the same resource via preemption of the longer transmission in DL. In that case, it is also possible to configure a preemption indication to be dynamically signalled to e.g. eMBB UE, indicating the region of impacted resources. Preemption indication can be provided as resource-based, via GC-PDCCH; or as CBG-based, via UE-specific DCI denoting old CBGs that need to be e.g. wholly or partially flushed. If resource-based preemption indication is received early enough at UE, so as UE has enough time to use it for decoding impacted CBs before HARQ-ACK feedback generation timing, retransmissions can be reduced. If received late, or if CBG-based indication is used instead, UE can improve its soft combining with retransmission.  For preempted resources, however, the respective e.g. LLR values carry no useful information and just ARQ (e.g. nulling out LLRs) is better to use instead if preemption is known to UE.
Furthermore, CBG-based (re)transmission has been supported in NR as a possible option to utilize multi-bit HARQ-ACK feedback per TB.  In DL, a UE can be configured to receive PDSCH transmissions that include CBG (re)transmissions of a TB. A number of CBGs is also configured to UE for generating respective HARQ-ACK information bits. The total number of HARQ-ACK feedback bits should not be much larger than the CBG size for reasonable UL signalling overhead. 
When CBG-level retransmission is configured, the most straightforward approach would be to have one bit per CBG to denote ACK or NACK of the CBG as a whole. However, HARQ operation with the aforementioned feedback cannot take into account the useful information from preemption indication when this is received at UE. It is possible that the CBG size configuration from gNB is a slow process and cannot adapt to e.g. the sporadic URLLC traffic. In that case hence, gNB will not be able to perfectly align URLLC transmissions with CBG configuration, leading often to partially punctured CBGs. In the example illustrated in Figure 1 below, NACK may be provided for partially punctured CBG-2 and CBG-3 although most of their included CBs might be decoded successfully at UE.
The result is that, when even a single CB within a CBG is not decoded successfully due to preemption, HARQ-ACK feedback for a preempted CBG is a NACK even if the preemption is partial from the CBG point of view. At gNB, knowledge of successfully decoded information at UE will be highly inadequate, leading to e.g. significant impact in DL throughput, especially when CBG size is configured to be relatively high. Another advantage could be the reduction of DL control signalling: If it is agreed that ACK/NACK bit of a CBG not indicated for transmission should be transmitted, gNB can indicate to UE the CBGs whose feedback is expected, as discussed in our companion contribution [5]. In that case, knowledge that UE decoding has failed only on punctured area can help gNB generate a low size feedback indication.
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Figure 1 – Example of partially punctured CBGs.
Observation 1: In NR, when data is preempted, CBGs may often be partially punctured. 
Proposal 1: HARQ-ACK feedback should take into account the preemption indication when configured.
HARQ-ACK feedback generation
One approach for preemption-aware HARQ-ACK feedback would be for UE to be configured to generate 2-bits for every CBG that is partially punctured in order to provide gNB with more information regarding to which CBs were received with correctly checked CRCs within those CBGs. For example, with 2-bits per partially punctured CBG, UE may notify the gNB if there was correct decoding within the CBG of: all the CBs, the group of non-punctured CBs and/or the group of partially punctured CBs (see Figure 2). To keep UL control signalling low, for unaffected or fully punctured CBGs, only 1-bit can be used for ACK/NACK. 
Another approach could be for UE to still generate 1-bit for each CBG, but ACK can be repurposed to refer only to unaffected CBs within a partially punctured CBG. Since it would be very complicated for gNB to estimate a-priori if a partially punctured CB can be decoded at UE, ACK can be simply repurposed to refer to the unaffected area.  Compared to the 2-bit approach above, there is lower UL control signalling overhead which can be significant in cases where e.g. eMBB TBs consist of few CBGs or URLLC traffic is heavy (although, preemption-based service multiplexing is considered to apply to sporadic URLLC traffic). The disadvantage of the 1-bit alternative is that it is necessary for gNB to assume all the CBs associated with the punctured area erroneously decoded at UE even if they are not.  This can lead to DL data throughput loss which can be considerable for example in case the partially punctured CBG consists of a few (or even just one in extreme case) robustly transmitted CBs.  
Generally, preemption-aware feedback generation at UE could be explicitly configured by gNB or implicitly, upon configuration of preemption indication.
Proposal 2: When preemption indication is configured or received at UE, the UE should be able to generate HARQ-ACK feedback per partially punctured CBG, based on CB-level CRCs of unaffected CBs.
gNB-UE common understanding
An issue arising in the approaches described above is that gNB cannot be certain if UE generated HARQ-ACK feedback based on knowledge of puncturing; the preemption indication may be missed. It is generally expected that the preemption indication transmission via DCI will be designed to be quite robust.  However, if the UE fails to receive it there will be a misunderstanding of HARQ-ACK feedback. In order to avoid this misunderstanding, a preemption indication confirmation mechanism can be introduced. An indication by UE in UL may for example notify gNB if UE has received correctly the preemption indication.  
Preemption indication receipt confirmation may for example be separately coded within UCI bits. One solution would be to split HARQ-ACK feedback in two steps and send the confirmation within the first step while at the second step the actual HARQ-ACK feedback bits are received and decoded at gNB.  
An alternative solution may be that preemption indication receipt confirmation is sent to gNB via implicit signalling.  For example a different PUCCH format, PUCCH resource, or scrambling of the UCI bits may be used to denote if the HARQ-ACK feedback has been constructed by the UE considering a received preemption indication or not. Figure 2 below illustrates an example where preemption indication confirmation receipt is used in conjunction with the 2-bit per-CBG HARQ-ACK feedback approach. 
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Figure 2 – Preemption-aware HARQ-ACK feedback with 2-bits per partially punctured CBG and preemption indication confirmation receipt.
Proposal 3: In case preemption-aware feedback is generated at UE, consider the use of a preemption indication confirmation signalling in UL to avoid HARQ-ACK feedback misunderstanding between UE and gNB.
There is of course another option to generate preemption-aware feedback by using a predetermined number of extra ACK/NACK bits to denote decoding status of partially punctured CBGs at UE. In that case, control overhead is always increased, even if no actual puncturing occurs, but no extra mechanism is required to tackle gNB-UE misunderstanding on HARQ-ACK feedback.
TB-level HARQ ACK/NACK
It is envisaged that when CBG-based retransmission is configured, TB-level HARQ-ACK feedback is also possible and and at least the following options have been considered for down-selection after 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
Any of the three options can be adapted to work with the proposed preemption-aware CBG-level feedback.  An alternative to Option 1 could be to provide the 1-bit TB-level HARQ-ACK feedback using a separate field of HARQ-ACK feedback as described for preemption indication receipt confirmation above. Upon decoding, it could be possible with this approach to indicate to gNB if a CBG- or TB- level ACK/NACK has been provided within the UCI, giving more flexibility on the use resources for UCI. Alternative possibilities for Option 3 could also include the scrambling of the UCI bits or use of different CRC.
HARQ retransmission
With preemption-aware HARQ-ACK feedback, gNB can obtain a clearer picture of UE’s decoding outcome  and respective HARQ retransmission can be adopted to improve DL performance. It is possible to take such advantage by retransmissions with finer level that the CBG-level of the initial transmission while maintaining the CBG-based retransmission operation; for example, by regrouping CBGs before retransmission.  After ACK/NACK feedback on CBs indicated as punctured due to URLLC preemption, gNB could reconfigure CBGs (e.g. via the DCI scheduling of the retransmission) to retransmit foer example CBGs comprising only NACK’ed punctured CBs. 
A working assumption was made in RAN1#NR_AH2 that for initial transmission and retransmission, each CBG of a TB has the same set of CB(s). If this is agreed, a CBG-based retransmission with increased robustness could be employed instead. In that case, for retransmission of a partially punctured CBG, gNB could only include in the respective transmission resources the CBs that are actually punctured. Therefore, it could be possible to use fewer resources for retransmission or even spread the CBs on the retransmission resources to make the retransmission more robust. When gNB and UE have common understanding of what will be retransmitted, UE will perform HARQ combining respectively, i.e. only for the partially punctured CBs, using for example the knowledge from preemption indication and stored information from initial transmission in its soft buffer.
Alternatively, resource/CB-based retransmission can be considered to make the most of the finer than CBG-level HARQ feedback [6].  In that case, the retransmission may only include for example preempted resources, as these are indicated by preemption indication.  Otherwise, both gNB and UE can be aware of exactly which CBs within a CBG have been punctured, and retransmit just those CBs.

2. Conclusions 
In this contribution, we discussed options for CBG-level HARQ-ACK feedback and general HARQ operation to take advantage of the knowledge received from preemption indication in DL. The following observations and proposals are made:
Observation 1: In NR, when data is preempted, CBGs may often be partially punctured. 
Proposal 1: HARQ-ACK feedback should take into account the preemption indication when configured.
[bookmark: _GoBack]Proposal 2: When preemption indication is configured or received at UE, the UE should be able to generate HARQ-ACK feedback per partially punctured CBG, based on CB-level CRCs of unaffected CBs.
Proposal 3: In case preemption-aware feedback is generated at UE, consider the use of a preemption indication confirmation signalling in UL to avoid HARQ-ACK feedback misunderstanding between UE and gNB.
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