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Introduction
In this paper we discuss HARQ codebook design for single carrier and carrier aggregation with/without CBG. We also discuss the number of HARQ processes for different scenarios, and HARQ process sharing between DL transmissions irrespective of their scheduling CORESET location and also HARQ sharing between UL transmissions with and without UL grant.
Relevant agreements from previous meeting [3]
Agreements:
· For NR non-CA, both semi-static and dynamic HARQ-ACK codebook are supported by configuration
· Note: the “by-configuration” is also applicable to the CA case
Agreements:
· Dynamic HARQ-ACK codebook (per PUCCH group) for the case without CBG configuration
· HARQ-ACK codebook determination based on counter DAI and total DAI
· Use LTE as starting point
· FFS details
Agreements:
· For the case when the semi-static HARQ-ACK codebook with HARQ-ACK multiplexing which includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s)) is used,
· NACK is reported for all the CBGs if TB CRC check is not passed while CB CRC check is passed for all the CBs
· NACK is mapped for the empty CBG index if the number of CBs for a TB is smaller than the configured maximum number of CBGs
Agreements:
·  ‘Semi-static’ HARQ-ACK codebook (per PUCCH group) is at least determined by 
· Configured number of DL Cells
· The max number of TBs based on configuration for each DL cell
· Configured number of CBGs per TB per configured DL cell
· FFS: Handling of different numerology between UL and DL
· Details FFS
· Dynamic HARQ-ACK codebook (per PUCCH group) with CBG configuration at least for one serving cell
· Details FFS

[bookmark: _Ref178064866]Discussion
HARQ codebook design
No carrier aggregation, no CBG
[bookmark: _Ref492307104]Dynamic HARQ codebook
Option 1
NR supports dynamic indication of PUCCH resource and time [1] and HARQ feedback for multiple PDSCH can be sent using a single HARQ codebook. PUCCH resource and time will be indicated in the scheduling DCI in case of a dynamic scheduled transmission. The association between PDSCH and PUCCH can be based on the PUCCH resource (PR) and time indicated in the scheduling DCI (T); HARQ feedback of all PDSCHs which scheduling DCIs indicate same PUCCH resource and time are reported together. The latest PDSCH feedback that can be included is limited by the processing time the UE needs to prepare HARQ feedback, in the example in Figure 1 the UE can report HARQ feedback on a short PUCCH in the next slot. 
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[bookmark: _Ref492043228]Figure 1: HARQ feedback association	(the black dot at the lower right corner of a text indicates to which arrow the text belongs)
To index the HARQ codebook the DCI of each scheduling assignment contains a DAI that counts all previous DL assignments (including the current one) that should be included in the HARQ codebook. The DAI contained in the DCI of the latest DL assignment determines the HARQ codebook size. Even if UE misses some DL assignments it can still address the HARQ codebook correctly, as long as the DAI does not wrap around. One error case that remains despite DAI is if the UE misses the last DL assignment which determines the HARQ codebook size. One possibility to mitigate this error case is to use an extra robust PDCCH transmission of the DCI that schedules the last DL assignment. Normally DAI is taken e.g. mod-2 to limit feedback size, in the examples shown in Figure 1 to Figure 3 no modulo operation has yet been applied.
The DAI mechanism also supports that a user receives multiple PDCCH for DL assignments within a slot interval (e.g. for non-slot-based transmissions) and the associated HARQ feedback is multiplexed into the same HARQ codebook (and thus transmitted on the same PUCCH). Figure 2 shows the case where HARQ feedback from two transmissions within slot interval n+3 is included in the same HARQ codebook. The DCI for all transmissions in slot n and later indicate the same PUCCH resource (PR=m) and time (slot n+5) but the DAI is different for the two transmissions in slot interval n+3.
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[bookmark: _Ref492043925]Figure 2: Feedback for multiple transmissions in slot n+3 are multiplexed into the same HARQ codebook (the black dot at the lower right corner of a text indicates to which arrow the text belongs). 	
If the gNB wants the UE to use a different (earlier) PUCCH resource for non-slot-based scheduling (e.g. the non-slot-based DL transmission relates to low latency and requires early HARQ feedback) the gNB can indicate different PUCCH resource and time (and as consequence also different  DAI values) in the scheduling DCI, see Figure 3 (PR=m, slot n+5 for slot-based transmissions; PR=k, slot n+3  for non-slot-based transmission). 
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[bookmark: _Ref492292991]Figure 3: Feedback for the non-slot-based transmission is transmitted separately in a PUCCH resource in the same slot interval (the black dot at the lower right corner of a text indicates to which arrow the text belongs).	
Option 2
Also here, PUCCH resource and time will be indicated in the scheduling DCI in case of a dynamically scheduled transmissions. The association between PDSCH and PUCCH can be based on the PUCCH resource (PR) and time indicated in the scheduling DCI (T); HARQ feedback of all PDSCHs which scheduling DCIs indicate same PUCCH resource and time are reported together in the same HARQ codebook. 
Differently from Option 1, the HARQ codebook size is based on time, its size is equal to the number of slots between the first DL assignment associated with the HARQ codebook and the last possible DL assignment associated with the HARQ codebook (based on the processing time the UE needs to prepare HARQ feedback for the indicated PUCCH resource). In Figure 1, the HARQ codebook size would be 3 (slot n-3 to slot n-1) for PUCCH in slot n and 5 (slot n to n+4) for PUCCH in slot n+5 (in this example has been assumed HARQ feedback in the next slot is feasible). When the UE misses the first DL assignments it determines a wrong HARQ codebook size and an error occurs. This error case can be handled by including a counter similar to DAI in the scheduling DCI which however does not count DL assignments but slots, starting with 0 for the first DL assignment associated with the current HARQ codebook (Elapsed Slot Counter, ESC). In DCIs for subsequent DL assignments, the ESC is set to the number of slots that has elapsed since the first DL assignment has been scheduled, see Figure 4. Even if the UE misses the first (few) DL assignments, it can still determine the first slot associated with the HARQ codebook (and thus its size) based on the DCI of first detected DL assignment and the contained ESC, as long as the ESC has not wrapped around. A 2 bit field ESC protects against missed DL assignments in the first three slots. The indexing into the HARQ codebook is based on the ESC or on the PUCCH slot timing indicator (T).  One drawback of this scheme is that it is not straight forward how to multiplex HARQ feedback from multiple DL assignments within a slot interval (e.g. non-slot-based transmission) into the same HARQ codebook: All DL assignments in the same slot interval would have the same slot timing indicator T (or ESC) for PUCCH in their scheduling DCI leading to multi-to-one mapping between PDSCH and PUCCH. This could be fixed by having e.g. two bits per slot in the HARQ codebook and associating half of the PDCCH opportunities with the first bit and the other half of PDCCH opportunities with the second bit. Within each PDCCH group, the UE can only be scheduled once.  
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[bookmark: _Ref497729461]Figure 4: The Elapsed Slot Counter (ESC) is set to zero in the DCI of the first scheduled DL assignment. In DCIs of later DL assignments, it is set to the number of slots that has elapsed since the first DL assignment has been scheduled.
Based on above discussion how to construct the dynamic HARQ codebooks we feel that Option 1 is preferable. While Option 2 is more robust to missed assignments than Option 1 (even if more than one DL assignment is missed in Option 2, the HARQ codebook size can be reconstructed), Option 1 enables simpler multiplexing of HARQ feedback from multiple DL assignments in a slot interval.  The error case in Option 1 due to a missed last DL assignment can be mitigated with an extra robust PDCCH transmission of the last scheduled DCI. Option 2 also leads to larger HARQ codebooks than Option 1 if not all slots (PDSCH) associated with the HARQ codebook are scheduled.
[bookmark: _Hlk498701597]Proposal 1: The dynamic (in time dimension) HARQ codebook for non-carrier-aggregation is based on a counter DAI that counts DL assignments.
Proposal 2: HARQ feedback from multiple DL assignments in a slot interval can be multiplexed in the dynamic (in time dimension) HARQ codebook for non-carrier-aggregation.
[bookmark: _Ref497737418]Fixed HARQ codebook
Option 1
To avoid error cases of missed DL assignments the HARQ codebook size would have to be fixed. One option to achieve this is by semi-statically configuring the HARQ codebook size (HARQ codebook association window size).  Alternatively, as set of HARQ codebook sizes can be semi-statically configured and an indicator in the DCI selects one of the preconfigured HARQ codebook sizes. The PUCCH resource would still be given by the PUCCH resource indicator (PR) and the slot timing indicator (T) in the DCI. 
Option 2
Another option for a fixed HARQ codebook is to base its size on the configured number of HARQ processes and index the HARQ codebook using the HARQ process ID. This option enables easy multiplexing of HARQ feedback from multiple DL assignments within a slot interval since all transmissions would use different HARQ processes. Drawback of this option is that the HARQ codebook size will be typically quite large, given by the number of configured HARQ processes. It could be considered to semi-statically configure a set of HARQ codebooks, each HARQ codebook containing fields for different (potentially differently many) HARQ process IDs. An indictor in the scheduling DCI would select one of the HARQ codebooks.
Proposal 3: The fixed HARQ codebook for non-carrier-aggregation is based on number of configured HARQ processes. Indexing into the HARQ codebook is based on the HARQ process ID.
With carrier aggregation, no CBG
One DL assignment per slot interval
Fixed HARQ codebook
A fixed HARQ codebook in the context of carrier aggregation can be interpreted twofold: Fixed in time and component carrier dimension, or dynamic in time and fixed in component carrier dimension. 
A HARQ codebook fixed in time and component carrier dimension could be based on Option 1 of Section 3.1.1.2, the HARQ codebook size would be given by its configured HARQ association window and configured component carriers. 
Option 2 of Section 3.1.1.2 can be generalized to carrier aggregation, too. The HARQ codebook size is determined by the sum of configured HARQ processes across the configured component carriers. Indexing into the HARQ codebook is done by the component carrier index and the HARQ process ID. We note this scheme could easily be generalized to the case of multiple DL assignments in a slot interval.
Drawback of HARQ codebooks which size is fixed in both dimensions (component carrier and time or HARQ process) is its large overhead. A HARQ codebook that is only fixed in component carrier dimension is therefore preferable. Both solutions outlined in Section 3.1.1.1 could be generalized to carrier aggregation. Instead of a single bit (two in case of MIMO configuration with up to two transport blocks) always a bitmap with the size needed for feedback of all configured component carriers is inserted into the HARQ codebook as soon as at least one DCI scheduling a DL assignment is detected in the slot interval. All DCIs transmitted in the same slot interval scheduling a DL assignment (and to be acknowledged on the same PUCCH) would contain the same DAI (Option 1, Section 3.1.1.1) or the same ESC (Option 2, Section 3.1.1.1). Since the same DAI or ESC is potentially transmitted multiple times (DCIs of all DL assignments in the same slot interval carry same DAI or ESC) the likelihood of errors due to missed DL assignments decreases. This assumes that the DCIs transmitted on the different component carriers are transmitted roughly time aligned (e.g. beginning of a slot) or at least the gNB knows at the beginning of a slot all transmissions that will be scheduled within the slot.
Proposal 4: Support fixed (fixed in component carrier dimension, dynamic in time dimension) HARQ codebook for carrier aggregation with at most one DL assignment per slot interval and component carrier. For each slot interval where at least one DCI scheduling a DL assignment is detected (on any component carrier), the HARQ codebook entry is a bitmap which size is given by the configured number of component carriers and configured number of transport blocks on a component carrier. The same counter DAI value is inserted in all DCIs in a slot interval scheduling a DL assignment (for one PUCCH).
Dynamic HARQ codebook
It has been agreed in RAN1 #90bis [3] to support a dynamic HARQ codebook for carrier aggregation. In case of at most one DL assignment per slot interval and component carrier we think the counter/total DAI mechanism from LTE Rel-13 is sufficient.
Proposal 5: For dynamic (dynamic in both component carrier and time dimension) HARQ codebook for carrier aggregation with at most one DL assignment per slot interval and component carrier: Re-use counter/total DAI mechanism from LTE feCA.
Multiple DL assignments per slot interval
Fixed HARQ codebook
If multiple PDCCH opportunities for DL assignments are configured per slot interval (e.g. for non-slot-based transmission) a PDCCH occurrence on one component carrier does not necessarily overlap with PDCCH occurrences on other component carriers. To insert for a detected DL assignment a bitmap according to the number of configured component carriers is therefore grossly overdone since not even PDCCH opportunities might exist on other component carriers. Alternatively, a bitmap with the number of configured PDCCH occurrences can be inserted at each PDCCH time (when at least one DL assignment has been detected), however, this number would be time-varying resulting in a complex solution. 
Another possibility would be to generalize Option 2 from Section 3.1.1.2 to carrier aggregation. Since entries are based on HARQ processes ID multiplexing of HARQ feedback from multiple DL assignments per slot interval and component carrier is simple as long as transmissions use different HARQ processes. However, as stated earlier, the resulting HARQ codebook will typically be very large. 
A fixed codebook allowing multiple DL assignments per slot interval and component carrier seems therefore not desirable.
Proposal 6: For fixed (fixed in component carrier dimension, dynamic in time dimension) HARQ codebook for carrier aggregation with multiple configured PDCCH opportunities for DL assignments per slot interval and component carrier, limit number of DL assignments that can be scheduled per slot interval and component carrier to one. 
Dynamic HARQ codebook
Figure 5 applies the dynamic HARQ codebook using counter/total DAI mechanism to the case where component carriers are configured with multiple PDCCH opportunities for DL assignments per slot interval. In this example three component carriers are aggregated. At each PDCCH time, the total DAI is set to the total number of scheduled DL assignments including this PDCCH time. Most important for successful HARQ codebook decoding is the total DAI, if this number is wrong the decoding will likely fail. If the UE misses the middle green PDCCH with DAI (3,3) and the blue PDCCH with DAI (4,4) but receives the blue PDCCH with DAI (5,6) it can reconstruct the total HARQ codebook length and determine that it missed two PDCCH assignments. However, if the UE misses the last green PDCCH with DAI (7,7) it assumes a wrong HARQ codebook size and decoding likely fails. Even in case of time aligned PDCCH opportunities across component carriers the same problem exists but the likelihood that the highest total DAI is transmitted multiple times (and thus the likelihood that UE receives total DAI at least once) is higher if PDCCH occurrences are aligned than with unaligned PDCCH occurrences. To counteract this effect the scheduler can use a higher CCE aggregation level when transmitting the last DCI.  
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[bookmark: _Ref497902700][bookmark: _Ref492292965]Figure 5: A UE is configured with three component carriers and the green and blue component carrier have multiple PDCCH opportunities configured per slot interval. At each PDCCH time, the total DAI is set to the total number of scheduled DL assignments including this PDCCH time. The DAIs are shown prior mod-operation. 
To improve robustness, it can be considered to predictively set the total DAI to a larger value than the highest counter DAI at the current PDCCH time. For example, in the modified example of Figure 5, shown in Figure 6, the gNB sets the total DAI field first to 3. After that the total DAI is subsequently increased to 5 and 8. The last total DAI 8 is transmitted twice, so even if the last DL assignment is missed the HARQ codebook size can be reconstructed. In this example the gNB did not correctly guess the HARQ codebook size correctly but overestimated it by 1. The UE assumes it missed the DL assignment and sends a NACK. In principal above behavior can already be implemented with LTE feCA counter/total DAI. In Figure 5 and Figure 6 the DAIs are shown without modulo-reduction to 2 bit. A 2 bit total DAI means the total DAI can be predictively increased by 3 before a wrap around occurs. It could be desirable to increase this range, this can either be achieved by increasing the total DAI bit field width or by maintaining its bit width but a total DAI increment 1 increases the HARQ codebook size by a larger unit, e.g. 2. In the latter case the HARQ codebook size would sometimes a bit too large (depends on the HARQ codebook increment size), but this seems a minor drawback. 
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[bookmark: _Ref497903165]Figure 6: A UE is configured with three component carriers and the green and blue component carrier have multiple PDCCH opportunities configured per slot interval. The total DAI is set predictively to a larger value than the highest counter DAI of the current PDCCH time. As a result, the same total value (and especially the last total DAI) is transmitted several times. The DAIs are shown prior mod-operation.
It has been proposed to independently determine HARQ codebook for slot- and non-slot-based transmissions. We don’t think this simplifies the problem since a HARQ codebook that can handle multiple DL assignments per slot interval (and such a HARQ codebook is needed) can also handle slot-based transmissions. Further, by indicating different PUCCH for slot- and non-slot-based transmissions the proposed framework enables to split HARQ feedback of slot- and non-slot-based transmissions into two HARQ codebooks.
Proposal 7: Support dynamic (dynamic in both component carrier and time dimension) HARQ codebook for carrier aggregation with multiple PDCCH opportunities for DL assignments per slot interval and component carrier. Re-use counter/total DAI mechanism from LTE feCA. Total DAI can predictively be set to a larger value than highest counter DAI of current PDCCH time. Consider an increased HARQ codebook size increment per total DAI increment.
Note that such a HARQ codebook can also handle carrier aggregation with mixed numerology. However, in Rel-15, PDSCH associated with a HARQ codebook are limited to the same subcarrier spacing.
No carrier aggregation, with CBG
The same solution as outlined for the case with no carrier aggregation no CBG can be adopted here. Instead of a single or two bits (depending on MIMO configuration) a bitmap of fixed size is inserted for each detected DL assignment. The bitmap size is given by the MIMO configuration and the configured number of CBG. 
Proposal 8: For dynamic (in time dimension) HARQ codebook for non-carrier-aggregation with CBG: Each entry in the HARQ codebook is a bitmap which size is given by the configured number of CBG and transport block on the component carrier. A counter DAI is inserted in the DCI counting DL assignments (including the current one).
With carrier aggregation, with CBG, one DL assignment per slot interval
It has been agreed to support a fixed HARQ codebook which size is at least determined by configured number of aggregated component carriers, configured number of transport blocks per component carrier, and configured number of CBG per component carrier. 
The same solution as outlined for the case with no carrier aggregation, no CBG can be adopted here. Each time at least one DCI scheduling a DL assignment is detected for a slot interval a bitmap is inserted into the HARQ codebook containing HARQ feedback for all configured component carriers. This size of the bitmap is determined by by configured number of aggregated component carriers, configured number of transport blocks per component carrier, and configured number of CBG per component carrier. Not detected transport blocks and/or CBG are reported as NACK. The same DAI value is inserted in all DCIs within a slot interval scheduling a DL assignment. 
Proposal 9: Support fixed (fixed in component carrier dimension, dynamic in time dimension) HARQ codebook for carrier aggregation with CBG and at most one DL assignment per slot interval and component carrier. For each slot interval where at least one DCI scheduling a DL assignment is detected  (on any component carrier), the HARQ codebook entry is a bitmap which size is given by the configured number of component carriers, configured number of CBG and configured number of transport blocks on a component carrier. The same counter DAI value is inserted in all DCIs in a slot interval scheduling a DL assignment (for one PUCCH).
Given that RAN1 has already agreed to support a fixed HARQ codebook accommodating CBG we don’t see a need to define additional HARQ codebooks for CBG in Rel-15.
The number of HARQ processes
Retransmissions are scheduled in a similar way as the original transmission. Hence, upon reception of a negative acknowledgement (for downlink data transmissions) or detection of incorrectly received uplink data (for uplink data transmission), the gNB needs to schedule a retransmission.
The number of hybrid ARQ processes depends on the overall roundtrip time. For downlink data transmission this includes the UE processing time to generate the acknowledgement, network-side processing time for scheduling the retransmission, and front-haul delays in case remote radio units are used to separate the baseband processing from the actual transmission site. 
The speed of light in an optical fiber is approximatively 2·108 m/s. Hence, for a 15 km distance, which is not an unlikely distance, the two-way delay is 150 μs. The scheduling delays can be in a similar range, depending on implementation, network load, scheduling complexity in terms of quality-of-service handling, exploitation of channel conditions, multi-user MIMO aspects, etc. As a comparison, the slot length is 125 μs assuming 14 symbol slots and 120 kHz subcarrier spacing.
Coexistence with TD-LTE is another example where multiple hybrid-ARQ processes are needed as there, for coexistence reasons, can be multiple slots (corresponding to LTE subframes) where it is not possible to transmit an uplink acknowledgement. For a typical case of TDD uplink-downlink allocation #2, there are four downlink slots followed by one uplink slot. In principle, four processes would be sufficient to handle this if the UE is capable of ‘same slot’ ACK, otherwise a couple of more processes are needed. Furthermore, LTE supports several uplink-downlink allocations, many of which are not used in practice, and it can be considered if coexistence with all these possibilities need to be able to support the peak data rate.
From the simplified discussion above, it is seen that the time from transmission to retransmission can be in the order of several slots, motivating multiple hybrid-ARQ processes. At the same time, it is beneficial to keep the number of hybrid-ARQ processes small as NR is supposed to provide low latency. Furthermore, supporting different number of hybrid-ARQ processes for different numerologies would complicate the overall structure and a single number is preferable. It is therefore recommended to support 8 hybrid-ARQ processes in NR, i.e. use 3 bits for the hybrid-ARQ process number in the DCI.
HARQ process sharing
To be able to support different services it is assumed in the discussion that the UE can be assigned with multiple PDSCH within the same slot interval. We think that it is sufficient to be able to handle two PDSCH for unicast simultaneously on one carrier for the UE. To provide sufficient flexibility in the design no restriction should be made on the allocated frequency resource and time resource for the two PDSCH(s). Note however that a UE can be assigned with many consecutive PDSCH(s) in time within a slot interval if they do not overlap in time.
To support above scenario a UE can be configured with multiple PDCCH opportunities for DL assignments in a slot interval. For slot-based transmissions these PDCCH opportunities are likely to be configured at the beginning of a slot interval while for non-slot-based transmissions (to support e.g. low latency transmissions) PDCCH opportunities might be more distributed over a slot interval. Irrespective how PDCCH opportunities are located within a slot interval and how the time allocation of the scheduled PDSCH look, a common HARQ pool is shared for all DL transmissions on a carrier.
Furthermore, a simultaneous UL transmission without UL grant together with scheduled PUSCH(s) is possible. In transmission without UL grant, a retransmission based on a dynamic grant is useful to guarantee a successful retransmission by a dedicated channel. For better handling of HARQ retransmissions in this case it is desirable that the HARQ processes are shared between the scheduled transmissions and the UL transmission without UL grant. The assignment can be done by means of RRC signaling.
Proposal 10: A single HARQ process pool is configured per carrier for DL and UL. This single DL pool is shared by all DL transmissions on a carrier irrespective of CORESET configuration. The single UL pool is shared by grant-free and grant-based UL transmissions.
Conclusion
[bookmark: _GoBack]In this contribution, we discuss HARQ codebook and HARQ for NR. The following is proposed:
No carrier aggregation
Proposal 1: The dynamic (in time dimension) HARQ codebook for non-carrier-aggregation is based on a counter DAI that counts DL assignments.
Proposal 2: HARQ feedback from multiple DL assignments in a slot interval can be multiplexed in the dynamic (in time dimension) HARQ codebook for non-carrier-aggregation.
Proposal 3: The fixed HARQ codebook for non-carrier-aggregation is based on number of configured HARQ processes. Indexing into the HARQ codebook is based on the HARQ process ID.
Carrier aggregation
Proposal 4: Support fixed (fixed in component carrier dimension, dynamic in time dimension) HARQ codebook for carrier aggregation with at most one DL assignment per slot interval and component carrier. For each slot interval where at least one DCI scheduling a DL assignment is detected (on any component carrier), the HARQ codebook entry is a bitmap which size is given by the configured number of component carriers and configured number of transport blocks on a component carrier. The same counter DAI value is inserted in all DCIs in a slot interval scheduling a DL assignment (for one PUCCH).
Proposal 5: For dynamic (dynamic in both component carrier and time dimension) HARQ codebook for carrier aggregation with at most one DL assignment per slot interval and component carrier: Re-use counter/total DAI mechanism from LTE feCA.
Proposal 6: For fixed (fixed in component carrier dimension, dynamic in time dimension) HARQ codebook for carrier aggregation with multiple configured PDCCH opportunities for DL assignments per slot interval and component carrier, limit number of DL assignments that can be scheduled per slot interval and component carrier to one. 
Proposal 7: Support dynamic (dynamic in both component carrier and time dimension) HARQ codebook for carrier aggregation with multiple PDCCH opportunities for DL assignments per slot interval and component carrier. Re-use counter/total DAI mechanism from LTE feCA. Total DAI can predictively be set to a larger value than highest counter DAI of current PDCCH time. Consider an increased HARQ codebook size increment per total DAI increment.
CBG
Proposal 8: For dynamic (in time dimension) HARQ codebook for non-carrier-aggregation with CBG: Each entry in the HARQ codebook is a bitmap which size is given by the configured number of CBG and transport block on the component carrier. A counter DAI is inserted in the DCI counting DL assignments (including the current one).
Proposal 9: Support fixed (fixed in component carrier dimension, dynamic in time dimension) HARQ codebook for carrier aggregation with CBG and at most one DL assignment per slot interval and component carrier. For each slot interval where at least one DCI scheduling a DL assignment is detected  (on any component carrier), the HARQ codebook entry is a bitmap which size is given by the configured number of component carriers, configured number of CBG and configured number of transport blocks on a component carrier. The same counter DAI value is inserted in all DCIs in a slot interval scheduling a DL assignment (for one PUCCH).
HARQ
Proposal 10: A single HARQ process pool is configured per carrier for DL and UL. This single DL pool is shared by all DL transmissions on a carrier irrespective of CORESET configuration. The single UL pool is shared by grant-free and grant-based UL transmissions.
References
[bookmark: _Ref492309338]“RAN1 Chairman’s Notes”, 3GPP TSG RAN WG1 Meeting NR #1, January 2017.
[bookmark: _Ref492309327]“RAN1 Chairman’s Notes”, 3GPP TSG RAN WG1 Meeting #90, August 2017.
[bookmark: _Ref497724196]“RAN1 Chairman’s Notes”, 3GPP TSG RAN WG1 Meeting #90bis, October 2017.
image3.png
AT=5, Pr=m, DAI=1

AT=3, Pr=m, DAI=1
AT=1, Pr=m, DAI=2





image4.png
AT=5, Pr=m, ESC=0

AT=3, Pr=m, ESC=0,
AT=1, Pr=m, ESC=2,





image5.png
Counter DAl Total DAI

slot interval slot interval





image6.png
Counter DAl Total DAI

slot interval slot interval





image1.png
AT=5, Pr=m, DAI=1

AT=3, Pr=m, DAI=1
AT=1, Pr=m, DAI=2





image2.png
AT=5, Pr=m, DAI=1

AT=3, Pr=m, DAI=1
AT=1, Pr=m, DAI=2





