[bookmark: OLE_LINK5][bookmark: OLE_LINK6]3GPP TSG-RAN WG1 Meeting NR#91 	R1-1720512
Reno, Nevada, 27th Nov - 1st Dec 2017
Source:	Nokia, Nokia Shanghai Bell
Title: 		On remaining aspects of NR CA/DC 
Agenda item:	7.3.4.2	
Document for:		Discussion and Decision
1	Introduction
In RAN1 NRAH#3 and RAN1#90b the following agreements related to NR CA were made:
Agreements:
· Maximum number of HARQ processes for unicast PDSCH is configured per cell for a UE
· FFS impact on DCI design
Agreements:
· For NR CA:
· If CIF is present in DCI, the bitwidth is fixed at 3 bit
· Note: BWP index (if available) is always a separate information field
· FFS detailed conditions for CIF presence
 
Agreements:
· UE can be configured to monitor group common CSS for at least pre-emption indication on a Scell
· UE can be configured to monitor SFI in group common PDCCH for a Scell at least on the same Scell,  or on a different cell (as a working assumption)

Agreements:
· The following working assumption is confirmed:
· In case of cross-carrier scheduling, UESS search spaces for the scheduling cell and for the scheduled cell(s) are separated by offset(s) if they are in the same CORESET
· The offset(s) depends on CIF
· FFS details
· FFS the case of same DCI size (whether to have shared search space or not)
Agreements:
· When a UE is configured for cross-carrier DL/UL scheduling, CIF is present in DL/UL scheduling DCIs for both the serving cell under self-scheduling and the serving cells being cross-carrier scheduled
· FFS whether CIF is present or not in other DCI cases

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


Agreements:
·    A configurable max coding rate, per PUCCH format, is used for a UE to determine how to feedback UCI on PUCCH 
o   FFS details how to use the configuration. The LTE mechanism is the baseline
o   Note: This is applicable to PUCCH formats 2/3/4 that support more than 2 UCI bits


2	Remaining details of SUL and PUCCH cell
[bookmark: _Ref473903385][bookmark: OLE_LINK13][bookmark: OLE_LINK14]It was agreed in RAN2 that SUL is an additional UL network carrier in a cell. In other words, a cell can consist of two UL network carriers. While both are active, a UE can transmit only on one of these two UL carriers at the given time. Therefore, the SUL should have its own configurations, as a regular UL carrier, including own set of BWPs among which one is active at the given time. The BWP switching between the BWPs-sets of these two UL network carriers should not be supported.    
Proposal-1: SUL is configured with own set of BWPs which can be switched independently of DL BWPs of the cell associated with the SUL. The BWP switching between BWPs of SUL and BWPs of the other nominal UL carrier of the cell is not supported.  
One more remaining open issue is the switching of the cell carrying PUCCH (PUCCH cell) within the NR CA cell-group. In LTE, the PUCCH is at Pcell in primary PUCCH group and at PScell in secondary PUCCH group. To make the PUCCH cell change in LTE, in a primary cell-group, Pcell needs to be reconfigured, which requires UE to start from RACH procedure again. Therefore, we think that Pcell can be reconfigured to be any serving cell that contains SSB and both DL and UL BWPs within the NR CA cell-group, without releasing the connection and such perform “soft intra-CG handover”. In addition, the cell carrying the PUCCH can be configured within the cells in a NR CA cell group containing at least one UL BWP.
Proposal-2: 
· In NR, a Pcell
· contains always at least one UL BWP and at least one DL BWP that carry the RRC connection, at least one DL BWP contains SSB and at least one UL BWP contains RACH resources. 
· The Pcell can be re-configured to any serving cell (fulfilling the first bullet) within the CA cell-group. 
· The PUCCH cell can be any cell within the CA cell-group containing at least one UL BWP.

3 	Remaining details of cross-carrier scheduling design for R15
It has been prioritized by RAN in [4], that RAN1 should firstly design NR CA with assumption that all cells in a NR-CA cell-group, except of UL-only cells, are of the same numerology. This clearly simplifies the design of UCI, TAGs and cross-carrier scheduling. When UL-only cell numerology is smaller or equal to the numerology of the rest of the cells in NR-CA cell-group, the design of cross-numerology scheduling becomes trivial, because this type of scheduling is many-to-one scheduling. An example in Figure 1 shows many-to-one scheduling of PUSCH, where UL grant to PUSCH timing is one slot in numerology of scheduled transmission, as already agreed in RAN1.  
Figure 1 illustration for cross-numerology scheduling many-to-one
PUSCH
Low band: scheduled UL-only cell with 15kHz SCS
High band: 
scheduling cell with 30kHz SCS serving cell


The RA allocation aspects of cross-numerology scheduling are discussed in detail in [2]. Here we repeat only the proposal.
Proposal-3: In case the SCS of the scheduled PUSCH is smaller than the SCS of the scheduling DCI, the slot n, denoting the reference slot for the time-domain RA, is the PUSCH slot logically overlapping (excluding timing advance) the DL slot carrying the scheduling DCI. 
[bookmark: _Hlk494720891]In RAN1 NRAH#3, RAN1 agreed that there is 3-bit CIF present in the scheduling DCI, if NR-CA cross-scheduling is configured to a UE. Also, in RAN1#90b companies agreed that separate search-spaces (by means of CFI dependent offsets) are supported per each search-spaces of cross-scheduled cells, if the search-spaces of these cells are within the same CORESET. For LTE EPDCCH hashing,
[image: ]
the offset b equal to CIF index can ensure that search spaces corresponding to different carriers/cells are non-overlapping, if CIF index for the cells scheduled from the same CORESET/search-space-set is configured wisely by gNB. For NR, we propose the modified EPDDCH function in [1], where the index b can be similarly incorporated. 
Observation-1: In NR, gNB has a possibility to configure the CIF numbers, for cells scheduled from the same CORESET/search-space-set, such that overlap of the search-spaces of these cells in the CORESET/search-space-set is minimized. 
Proposal-4: If DCI payloads of a DCI formats scheduling different cells align and their search-spaces are in the single CORESET/search-space-set, then UE can receive the DCI formats scheduling any of these cells on the union of search-spaces given by the offsets corresponding to CIF of these cells.
 
4 Scell activation and deactivation
RAN2 agreed to support the Scell activation by MAC-CE and deactivation by MAC-CE or timer. While MAC-CE activation requires PDSCH processing latency + K1(PDSCH-end to HARQ-ACK) symbols to activate the Scell, DCI could manage this in K1 time (DCI to HARQ-ACK) only. Considering using mini-slots for MAC-CE, the difference would be pretty slim. The next question is how much will take the chipset warm-up, i.e. time between activation and the chipset being capable of receiving PDCCH and PDSCH. This time in LTE has been between 16 to 27ms! If such a time is agreed by RAN4 also for NR, the benefit from activation using DCI is insignificant. 
Observation-2: In NR, the disadvantage of MAC-CE over DCI activation/deactivation is equal to PDSCH duration and processing latency. MAC-CE could be delivered by 2OS mini-slot in NR.
Observation-3: The chipset warm-up time between activation and chipset being capable of reception of PDCCH and PDSCH has been 16-27ms in LTE. If NR adopts the same warm-up times, the benefit from activation by DCI is insignificant. 

5 [bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]  HARQ feedback determination
In this section, we discuss the HARQ feedback determination in NR from single cell viewpoint in Section 5.1. We consider HARQ feedback determination in case of carrier aggregation and CBG-based PDSCH transmissions in in Sections 5.2 and 5.3, respectively. Finally, we address HARQ-ACK bundling in Section 5.4. 
5.1 HARQ feedback determination for single cell  
Flexible HARQ-ACK timing facilities e.g. highly flexible UL/DL configuration but impacts also the determination of HARQ feedback transmitted on UL, requiring more flexible HARQ feedback determination. Hence, following agreements were reached in RAN1#90bis:
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
We first consider DL association set determination for HARQ feedback. In NR, highly flexible UL/DL configuration efficiently adapting air interface to the variations on traffic is desired. Correspondingly, determination of HARQ feedback, including determination of HARQ-ACK codebook size as well as DL association set (i.e. set of DL slot for which HARQ-ACK is reported in a certain UL slot) should be flexible. 
One possible way is to determine HARQ-ACK codebook based on the number of configured HARQ processes and the number of configured or activated component carriers. This means that HARQ-ACK is transmitted for each TB (or CBG if CBG-based transmission is configured) on every HARQ process on every configured or activated component carrier every time UE reports any HARQ-ACK. As a UE may be configured with a considerable number of CBGs as well as component carriers, the resulting HARQ-ACK codebook can be large and significantly over-dimensioned for most of HARQ feedback transmissions.
On other hand, the determination of DL association set can be based on a simple set of rules using few parameters such as the indicated or configured timing between DL data and associated HARQ-ACK transmission as inputs. In the case of semi-static HARQ-ACK codebook, the DL association set can be simply determined semi-statically based on the configured maximum and minimum HARQ-ACK timing values.
In the case of dynamic HARQ-ACK codebook based on the DAI, 
· DL association set starts from a slot where PDSCH is associated to HARQ-ACK transmission in the certain slot for the first time and ends to the last PDSCH for which HARQ-ACK is transmitted in the same slot. 
· HARQ-ACK is reported only for scheduled PDSCHs within the DL association set. 
· Counter DAI is incremented per scheduled PDSCH, hence, representing the number of PDSCHs scheduled within the DL association set up to (and including) that PDSCH. The scheduled PDSCHs may contain slots and/or mini-slots. 
· Total DAI represents the total number of scheduled PDSCHs for which UE reports HARQ-ACKs on the indicated PUCCH.
· We see 2-bit DAI field to provide sufficient robustness.  
Based on the discussion above, we propose following:
Proposal-5: In the case of semi-static HARQ-ACK codebook, the DL association set is determined based on the configured maximum and minimum HARQ-ACK timing values.
Proposal-6: In the case of dynamic HARQ-ACK codebook, 
· 2-bit Counter DAI is incremented per scheduled PDSCH and represents the number of PDSCHs scheduled within the DL association set up to that PDSCH. 
· 2-bit Total DAI represents the total number of scheduled PDSCHs for which UE reports HARQ-ACKs on the indicated PUCCH
5.2 HARQ feedback in carrier aggregation
In this section, we focus on the joint HARQ feedback for multiple DL carriers. In here, we limit the consideration to the cases where joint HARQ feedback is provided over DL carriers using the same numerology, and the presented approach is a sub-set of our approach in [3] addressing also multi-numerology case. In RAN1#90, it was agreed that both semi-static and dynamic HARQ ACK codebooks are supported in NR. In RAN1#90bis, further agreements were reached: 
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
In previous section, we focused on the DL association set determination per active BWP on a cell. The same approach can be applied also for joint HARQ feedback for multiple DL cells: The same DL association set is used for DL active BWPs with the same numerology. In the case of semi-static HARQ-ACK codebook, the DL association set is simply semi-statically determined based on the configured maximum and minimum HARQ-ACK timing values. Also in the case of dynamic HARQ codebook, DL association set is determined jointly over all active BWP in DL cells: the DL association set starts from a slot where a PDSCH is associated to UCI transmission in the certain slot for the first time on any of DL active BWPs, as shown in Figure 2. 
Proposal-7: Single DL association set is determined jointly over DL active BWPs in cells with the same numerology.
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Figure 2 Dynamic DL association set determination based on the indicated HARQ ACK timing in carrier aggregation.

Dynamic determination of HARQ ACK codebook size is attractive option especially when the size of the reported HARQ feedback can be temporally large but is typically significantly smaller. The support of dynamic codebook size was also agreed in RAN1#90.
We assume that a joint DL association set is determined over the DL CCs with the same numerology. In this case, the codebook can be determined jointly over the DL CCs in the same DL CC set with the use of counter DAI and total DAI operating in frequency-first–time-second manner as in LTE Rel-13. The total DAI needs to be indicated already on the DCI of first PDSCH associated with the codebook and, hence, total DAI involves either prediction for the scheduling on later slots or scheduling restriction. The DL association set and codebook determination are illustrated in Figure 2. However, when the joint HARQ feedback is limited to a set of DL CCs with the same numerology and processing times, the required scheduling prediction remains on acceptable level. 
The HARQ codebook determination can easily be extended to cover also the case of joint HARQ feedback over TB-based and CBG-based transmissions, as well as to cover DL CCs with multiple numerologies and minimum processing times. In this case, the use of separate sub-codebooks for different transmission mechanisms (as discussed in Section 5.3) and for different DL active BWPs with different numerologies is preferable. 
Proposal-8: In case of dynamic HARQ-ACK codebook over DL active BWPs of cells with the same numerology and without CBG-based (re)transmissions, frequency-first–time-second counter DAI and total DAI mechanism is used in the HARQ-ACK codebook determination.
5.3 HARQ feedback with CBG-based (re)transmission 
In this section, we focus on the discussion of HARQ ACK feedback for CBG-based (re-)transmission. In RAN1#90bis, it was agreed to support dynamic HARQ-ACK codebook (per PUCCH group) with CBG configuration at least for one serving cell in carrier aggregation. The agreement is motivated by the fact that dynamic HARQ ACK codebook adaptation can provide substantial gains with GBG-based transmissions due to considerable number of CBG HARQ ACKs per PDSCH. The exact codebook adaptation mechanism needs to be agreed. 
In RAN1#90bis, the following agreement was also reached:
Agreements: When UE is configured with CBG based retransmission, for the PDSCH scheduled by PDCCH using fallback DCI, TB level HARQ-ACK feedback is used at least for the case without HARQ-ACK multiplexing
· FFS whether this operation is applied even for the case with HARQ-ACK multiplexing
Note: this means that fallback DCI does not support CBG level HARQ-ACK feedback
With dynamic codebook determination, mechanisms are necessary to handle error cases when one or more DL assignments are not successfully received. DAI is a robust mechanism for error case handling. A challenge is faced when the number of HARQ ACK bits per PDSCH is variable, as UE detects that a DL assignment was missed but cannot determine how many ACK bits should be reported for the missed PDSCH as illustrated in Figure 3. The problem can be solved several ways, e.g.:  
· One solution is to report maximum number fo ACK bits for all PDSCHs, but this leads to excessively large ACK codebook in the case of CBG based transmission. 
· Another solution is to increase the range of DAI to avoid ambiguity, and increment DAI per reported ACK bit, not per DL assignment. For example, assuming 6 CBGs are configured, the number of HARQ ACK feedback bits per TB can vary from 1 to 6 bits. Assuming DAI is designed to handle up to 2 back-to-back missing DL assignments, the number of states that DAI needs to support is 6*(2+1) = 18 states, i.e. 5 bits. We refer to this as extended DAI in the following. On the other hand, if we assume fixed HARQ ACK feedback bits per TB, DAI only needs to support 3 states, i.e. 2 bits, which saves 3 bits in DCI. If we consider both counter DAI and total DAI, the saving would be doubled. 
· On a third solution, considered in [4], codebook remains semi-static in frequency domain, but is adapted in time domain with the use of time-domain DAI mechanism. It should be noted that even single scheduled TB-based PDSCH can result in considerable HARQ feedback (depending on the CBG configuration and number of configured cells). HARQ-ACK cannot be reported by using PUCCH format 0 or 1, but a larger PUCCH format is always required. Further, HARQ-ACK for PDSCH scheduled with a fallback DCI cannot be easily multiplexed with other HARQ-ACKs. This scheme is refered to as “codebook semi-static in frequency, dynamic in time” on Table 1.
· A fourth, promising, approach is to apply separate DAI processes for TB based transmissions and CBG based transmissions, determining HARQ ACK sub-codebooks separately for TB based transmissions and CBG based transmissions and concatenating sub-codebooks for a joint transmission. The number of reported CBG HARQ ACK bits per TB remains fixed.
· In the approach, separate DAI processes (counter DAI, total DAI) are used to determine HARQ-ACK sub-codebooks separately for TB based and CBG based transmissions.
· Special attention is needed to the error case that can occur when there is only one scheduled PDSCH associated to a (e.g. CBG) ACK sub-codebook. If UE misses that DL assignment, UE will not include the corresponding sub-codebook at all, leading to erroneous ACK ordering in the overall codebook. 
· This error case can be simply solved by adding one bit on the TB based PDSCH DL assignment indicating whether gNB may possibly schedule CBG-based PDSCH(s) with ACK reported on the same UL transmission. The indication does not need to based on actual / final scheduling decisions.    
· If the bit indicates possible CBG-based transmissions, UE includes a CBG HARQ-ACK sub-codebook of at least minimum size (e.g. corresponding to 2 DL assignments) to the concatenated codebook – also when UE does not detect even single DL assignment for CBG-based transmissions.
· The scheme is also flexible enough so that HARQ-ACK for PDSCH scheduled with a fallback DCI (and TB-level HARQ ACK) can be easily multiplexed with other HARQ-ACKs.
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Figure 3. HARQ ACK feedback ambiquity with single DAI process over TB and GBG based transmissions.
We provide a comparison of proposals on Table 1. For the comparisons, we assume that UE has 3 active BWPs on 3 cells: TB-based retransmission is configured for one BWP while CBG-based retransmission with 6 CBGs is configured for 2 BWPs. On the table, we calculate the number of DCI bits (like DAI) required for dynamic HARQ-ACK codebook operation as well as the number of reported HARQ-ACK bits. The DCI and UCI bits are calculated for 3 different PDSCH scheduling scenarios: UE is scheduled with single TB-based PDSCH; or with single CBG-based PDSCH; or with single TB-based PDSCH and single CBG-based PDSCH on one slot and a single CBG-based PDSCH on the consecutive slot.
From the calculations on the table it can be noted that:
· Extended DAI approach suffers from considerable increase in DCI bits. On other hand, it may be used in a way that compresses the number of HARQ-ACK bits, although it was agreed in email discussion [90b-NR-32] that compressed CBG-level HARQ-ACK feedback schemes are not supported in Rel-15. In any case, the UCI saving is small as UCI size is dominated by the initial transmission. On the table, we assumed that initial BLER is 20%, with 1 CBG in error. One re-transmission was assumed to be sufficient. With these assumptions, 83% of transmissions are initial transmissions with 6 HARQ-ACKs. 17% of transmission are retransmissions for which 1 HARQ-ACK bit is sufficient. Correspondingly, average number of HARQ-ACK bits under these assumptions is 5.2 bits.
· On other hand, the third scheme (codebook semi-static in frequency, dynamic in time) suffers from large UCI as unnecessary HARQ-ACK bits are transmitted.
· Sub-codebook based approach facilitates reasonable control overhead: there is only 1-bit increase on DCI (in addition to 2-bit DAIs) and HARQ-ACK bits only for scheduled PDSCHs are reported on uplink. 
Based on the discussion above, we propose that dynamic HARQ-ACK codebook with CBG configuration at least for one serving cell is based on the HARQ-ACK sub-codebook mechanism using 2 separate DAI processes.
Proposal-9: Dynamic HARQ-ACK codebook with CBG configuration at least for one serving cell is composed of separate sub-codebooks for TB-based PDSCHs and CBG-based PDSCHs.
· Sub-codebooks are determined separately with independent frequency-first–time-second counter DAI and total DAI mechanisms.
· Presence/absence of the other sub-codebook is indicated with a DCI flag
Observation-4: HARQ-ACK multiplexing can be supported for PDSCH scheduled with fallback DCI in the case of dynamic HARQ-ACK codebook based on the sub-codebook approach. 
Table 1: Comparison of dynamic HARQ-ACK codebook mechanisms for CBG-based transmissions.
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5.4 HARQ-ACK bundling 
There are situations where it is attractive to compress HARQ feedback even at the price of somewhat degraded DL throughput, for example, when UL is coverage limited or when UCI size temporarily exceeds the reliable capacity of allocated PUCCH resource. In RAN1#90bis, it was agreed to support spatial bundling: 
Agreements: NR supports HARQ-ACK bundling in spatial domain for a NR-PDSCH transmission
· FFS details (e.g., whether or not to have RRC configuration, whether to apply to CBG-based HARQ-ACK or not, etc.)
Agreements: For HARQ-ACK spatial bundling: 
· Support higher layer configuration for spatial-domain bundling per PUCCH group
· Bundling is per cell, and same configuration applies to all the cells
· FFS whether or not to support HARQ spatial bundling in a dynamic manner
As agreed, HARQ-ACK bundling is configured by higher layer signalling. We also see that spatial bundling can be used semi-statically to compress HARQ feedback. In addition to semi-static compression of HARQ feedback, HARQ-ACK bundling can also be applied temporarily or dynamically when overall UCI size exceeds the reliable capacity of the allocated PUCCH resource, determined by RRC configured maximum code rate for UCI, as discussed in our companion contribution [5]. Such situation can occur e.g. with CA and dynamic HARQ codebook determination, but it should occur only infrequently. Spatial bundling as well as HARQ-ACK bundling across CBGs are reasonable options for such temporal HARQ feedback compression. Based on discussion, we propose that dynamic spatial bundling as well as dynamic HARQ-ACK bundling across CBGs are supported. 
Proposal-10: HARQ-ACK bundling in spatial domain can be applied dynamically. 
Proposal-11: HARQ-ACK bundling across CBGs is supported and can be applied only dynamically.

6 Conclusion
In this contribution, we have discussed aspects of NR carrier aggregation. We have the following observations and proposals:
Proposal-1: SUL is configured with own set of BWPs which can be switched independently of DL BWPs of the cell associated with the SUL. The BWP switching between BWPs of SUL and BWPs of the other nominal UL carrier of the cell is not supported.  
Proposal-2: 
· In NR, a Pcell
· contains always at least one UL BWP and at least one DL BWP that carry the RRC connection, at least one DL BWP contains SSB and at least one UL BWP contains RACH resources. 
· The Pcell can be re-configured to any serving cell (fulfilling the first bullet) within the CA cell-group. 
· The PUCCH cell can be any cell within the CA cell-group containing at least one UL BWP.
Proposal-3: In case the SCS of the scheduled PUSCH is smaller than the SCS of the scheduling DCI, the slot n, denoting the reference slot for the time-domain RA, is the PUSCH slot logically overlapping (excluding timing advance) the DL slot carrying the scheduling DCI. 
Observation-1: In NR, gNB has a possibility to configure the CIF numbers, for cells scheduled from the same CORESET/search-space-set, such that overlap of the search-spaces of these cells in the CORESET/search-space-set is minimized. 
Proposal-4: If DCI payloads of a DCI formats scheduling different cells align and their search-spaces are in the single CORESET/search-space-set, then UE can receive the DCI formats scheduling any of these cells on the union of search-spaces given by the offsets corresponding to CIF of these cells.
Observation-2: In NR, the disadvantage of MAC-CE over DCI activation/deactivation is equal to PDSCH duration and processing latency. MAC-CE could be delivered by 2OS mini-slot in NR.
Observation-3: The chipset warm-up time between activation and chipset being capable of reception of PDCCH and PDSCH has been 16-27ms in LTE. If NR adopts the same warm-up times, the benefit from activation by DCI is insignificant. 
Proposal-5: In the case of semi-static HARQ-ACK codebook, the DL association set is determined based on the configured maximum and minimum HARQ-ACK timing values.
Proposal-6: In the case of dynamic HARQ-ACK codebook, 
· 2-bit Counter DAI is incremented per scheduled PDSCH and represents the number of PDSCHs scheduled within the DL association set up to that PDSCH. 
· 2-bit Total DAI represents the total number of scheduled PDSCHs for which UE reports HARQ-ACKs on the indicated PUCCH
Proposal-7: Single DL association set is determined jointly over DL active BWPs in cells with the same numerology.
Proposal-8: In case of dynamic HARQ-ACK codebook over DL active BWPs of cells with the same numerology and without CBG-based (re)transmissions, frequency-first–time-second counter DAI and total DAI mechanism is used in the HARQ-ACK codebook determination.
Proposal-9: Dynamic HARQ-ACK codebook with CBG configuration at least for one serving cell is composed of separate sub-codebooks for TB-based PDSCHs and CBG-based PDSCHs.
· Sub-codebooks are determined separately with independent frequency-first–time-second counter DAI and total DAI mechanisms.
· Presence/absence of the other sub-codebook is indicated with a DCI flag
Observation-4: HARQ-ACK multiplexing can be supported for PDSCH scheduled with fallback DCI in the case of dynamic HARQ-ACK codebook based on the sub-codebook approach. 
Proposal-10: HARQ-ACK bundling in spatial domain can be applied dynamically. 
Proposal-11: HARQ-ACK bundling across CBGs is supported and can be applied only dynamically.
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ACKs per CBG PDSCH)

13

(1 ACK for TB PDSCH, 6 

ACKs per CBG PDSCH)

26

(1 ACK for TB PDSCH, 12 

ACKs for CBG PDSCHs in 

both slots)

Total number of DCI 

and HARQ ACK  bits

41.4 28 38

HARQ-ACK feedback scheme

Single TB PDSCH 

scheduled

Single GBG PDSCH 

scheduled

One TB PDSCH and 

2 CBG PDSCHs (in 

consecutive slots) 

scheduled

Scheduling scenario


