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1. Introduction

In this contribution, we discuss the following issues for carrier aggregation (CA) 
· Cross carrier scheduling across different numerology 

· HARQ-ACK timing for different numerology

· Synchronization/RRM measurement in a SCell without SSB
· HARQ-ACK codebook determination when multiplexing with PUSCH
· PUCCH resource adaptation considering UE processing time
· HARQ-ACK of dynamic PDSCH and SPS-PDSCH within a slot
For each topic, our views and proposals are provided.


2. Cross-carrier scheduling across different numerology
Agreements: (RAN1#89)
· Support cross-carrier scheduling for aggregated carriers with the same and different numerology. 

· FFS: the timing relationship between DCI and the corresponding PDSCH/PUSCH

· FFS: impact on the maximum number of HARQ processes

· FFS: potential restrictions (e.g., on combination of different numerology)
Conclusions: (RAN1 NR Ad-Hoc#2)
· On the search space:

· A UE monitors PDCCH candidates in common search space(s) at least for RMSI and UE specific search space(s) on Primary Component Carrier (PCC)

· A UE monitors PDCCH candidates at least on UE-specific search space(s) for an Secondary Component Carrier (SCC)

· Support cross carrier scheduling with CIF 

· NR at least support that a carrier is scheduled by one and only one carrier

· FFS: the number of CIF bits

· FFS: BWP aspects for cross carrier scheduling

· For cross-carrier scheduling, PDCCH and the scheduled PDSCH can have the same or different numerologies.

· For self-scheduling, PDCCH and the scheduled PDSCH have the same numerology

· FFS whether for self-scheduling, PDCCH and the scheduled PDSCH can have different numerologies.

· For self and cross-carrier scheduling, PDCCH and the scheduled PUSCH can have the same or different numerologies.

· When numerology are different between PDCCH and the scheduled transmission, the time granularity indicated in the DCI for the timing relationship between the end of PDCCH and the corresponding scheduled transmission is based on the numerology of the scheduled transmission.

From the agreements in 3GPP RAN1#89 and Ad-Hoc#2 meeting, we can see that cross-carrier scheduling for aggregated carriers with the same and different numerology is supported and the time granularity indicated in the DCI is based on the numerology of the scheduled transmission. However, there are some unsolved issues.
Issue #1: unclear definition of the reference timing of K0 and K2
From the current agreements, the definition of K0=0 and K2=0 for cross-carrier scheduling across different numerology is unclear. For example, Figure 1 and Figure 2 show the issue on the definition of K0 and K2. In Figure 1(a) and Figure 2(a), the scheduling PDCCH has a smaller numerology (15kHz) than the scheduled PDSCH/PUSCH (30kHz). Assume the DCI in the PDCCH indicates K0=0. Since the reference timing is not defined, it is unclear on where to receive PDSCH or transmit PUSCH (e.g., in slot m, m+1, or other slot index in the 30kHz SCS). In Figure 1(b)(c) and Figure 2(b)(c), the scheduling PDCCH has a larger numerology than the scheduled PDSCH/ PUSCH and the DCI in the PDCCH indicates K2=0. Similarly, it is unclear on where to receive PDSCH or transmit PUSCH in the 15 kHz SCS.
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Figure 1 Issue on K0 for cross-carrier scheduling with different numerology
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Figure 2 Issue on K2 for cross-carrier scheduling with different numerology
Issue #2: extra buffer size 
Another issue for cross-carrier scheduling across different numerology is the buffer size. Figure 3 shows an example for the extra buffer size due to cross-carrier scheduling with different numerology. In this example, cell 0 with 15 kHz SCS schedules cell 1 with 60 kHz SCS. Assume the PDCCH in cell 0 occupies 3 OFDM symbols. The time for decoding the PDCCH may take 11 OFDM symbols in the unit of 60kHz SCS. The channel estimation may take 2 OFDM symbols in the unit of 60kHz SCS. Thus the total buffer size is 12+11+2 = 25 OFDM symbols. When self-scheduling is performed on cell 1, the total buffer size is about 14 OFDM symbol. As a result, in this example the extra buffer size due to cross carrier scheduling across different numerology is 11 OFDM symbols. The extra buffer size increases when

· One CC schedules multiple CCs and the scheduling CC has the smallest SCS.
For example, when a 15 kHz CC schedules four 60 kHz CCs, the extra buffer size is 44 OFDM symbols.
· The difference between the SCS of the scheduling CC and the SCS of the scheduled CC(s) increases.

For example, when a 15 kHz CC schedules 120 kHz CC, the extra buffer size is about 45 OFDM symbols.
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Figure 3 Extra buffer size for cross-carrier scheduling across different numerology
Due to the implementation difficulty of large extra buffer size, the unclarity of the definition of K0 and K2, and the tight schedule of NR to complete all remaining issues for carrier aggregation, we propose 
Proposal 1. NR adopts one of the following alternatives:
· Alt 1. Cross-carrier scheduling is not supported in Rel-15. 
· Alt 2. Cross-carrier scheduling for aggregated carriers with different numerology is not supported in Rel-15. 
· Alt 3. Divided the UE feature 6-10 cross carrier scheduling into two parts.
· 6-10a cross carrier scheduling across same numerology
· 6-10b cross carrier scheduling across same and different numerology
· Alt 4. For cross-carrier scheduling across different numerology, 
· The reference timing of K0=0 and K2=0 is defined as the first slot which is overlapped with the slot in which the scheduling PDCCH is transmitted. 
· Additional constraints on K0/K2 should be defined, i.e., K0 > X and K2 > Y. FFS: the values of X and Y depend on the numerology of the scheduling and scheduled CC.


3. HARQ-ACK timing for different numerology
In CA, it was agreed that the time granularity of a HARQ-ACK transmission, indicated in the DCI, is based on the numerology of PUCCH transmission. However, the reference timing of K1=0 for HARQ-ACK with different numerology is not clear. In our view, K1=0 is defined as the last slot in which is overlapped with the slot in which the corresponding PDSCH is transmitted.
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Figure 4 Definition of K1=0 for HARQ-ACK with different numerology
Proposal 2. The reference timing of K1=0 is defined as the last slot that is overlapped with the slot in which the corresponding PDSCH is transmitted.
The text proposal for proposal 5 is shown below.
--------------------------------------- begin of the text proposal in Section 9.2.3 38.213  --------------------------------------------

< Unchanged parts are omitted >
9.2.3
UE procedure for reporting HARQ-ACK

A UE may transmit one or more PUCCHs on a serving cell in different symbols within a slot of 
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 symbols as defined in [4, TS 38.211]. With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 scheduling a PDSCH reception or a DCI format 1_0 indicating aSPS PDSCH release over a number of symbols where the last symbol is within slot 
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, the UE shall provide corresponding HARQ-ACK information in a PUCCH transmission within slot 
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 is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format. k=0 is defined as the last slot that is overlapped with the slot in which the corresponding PDSCH is transmitted. 
For DCI format 1_1, the PDSCH-to-HARQ-timing-indicator field values map to values for a number of slots indicated by higher layer parameter DL-data-DL-acknowledgement as defined in Table 9.2.3-1 from a set of number of slots provided by higher layer parameter Slot-timing-value-K1. 
< Unchanged parts are omitted >
--------------------------------------- end of the text proposal in Section 9.2.3 38.213  ----------------------------------------------


4. Synchronization/RRM measurement in a SCell without SSB

In our understanding, the scenario of SCell without SSB was agreed to support non-contiguous intra-band CA, motivated from carriers with limited BW and it might not be able to accommodate SSB. The original RAN1 agreements in 3GPP RAN1 NR AH#2 in 2017 are provided below.
Observation:

· Usage scenarios #1, and 2, and 3 in R1-1711795 are at least identified as usage scenarios for BW part

· From UE perspective, at least for single active BW part scenario, usage scenarios #1 and 3 are the same

Agreements:
· Usage scenario #4 in R1-1711795 is supported in the context of non-contiguous intra-band carrier aggregation
· Carrier without SS block can be configured for some UEs

Send LS to RAN2/4 to tell above agreement/observation in R1-1711824

In our view, for non-contiguous intra-band CA, UE can follow the results of synchronization and RSRP measurement obtained from other serving cells in the same band. For better time/frequency tracking, TRS can be configured on the SCell. The RSSI measurement for the SCell can be derived within the SCell channel bandwidth. For inter-band CA, there should be at least one SS block in one of the configured BWPs for a SCell. Therefore, we have
Proposal 3. A UE may assume that the synchronization and RSRP for an SCell without SS block is the same as Pcell or a configured SCell. FFS on RSSI measurement on the SCell.


5. HARQ-ACK codebook determination when Multiplexing with PUSCH
The highlighted agreement was made in RAN1 #90bis meeting about the support DL assignments received later than the UL grant:

Agreements:

· Regarding hanlding the possibility of DL assignments later than UL grant, to down-select between:

· Alt 1: Limit to up to X ACK bits for later DL assignments. ACK bits for later DL assignments puncture PUSCH

· X=2 for slot-based scheduling

· FFS X for non-slot based scheduling

· Alt 2: Uplink grant indicates number of ACK/NACK bits including past and estimated future DL assignments. UE computes ACK/NACK resources based on indicated number of ACK/NACK bits 

· FFS other details

· If no consensus can be achieved by the end of this week, the following will be agreed:

· In Rel-15, do not support the case when DL assignments are later than UL grant mapped to the same time instance for HARQ-ACK transmission on PUSCH

Because only the dynamic HARQ-ACK codebook size (and not the semi-static) can change with newly received DL assignments, therefore the above agreement is meant for the case in Figure 5, in which later DL assignments (DL assignment 4 in the figure) pointing to PUCCH resources overlapping with the PUSCH transmission scheduled. This case leads to an increase of the codebook size beyond the size at the moment of the reception of the UL grant. This case is excluded in the agreement.
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Figure 5: Dynamic HARQ-ACK codebook with later DL assignments overlapping with the PUSCH
The agreement however does not address the behavior for dynamic HARQ-ACK codebook where later DL assignments point to a HARQ-ACK PUCCH resources that does not overlap with the PUSCH transmission nor does it address the case of semi-static HARQ-ACK codebook.

Dynamic HARQ-ACK codebook case:

For the case of dynamic HARQ-ACK codebook and in order to allow for transmission of HARQ-ACK feedback for DL assignments received later than the UL grant on PUCCH resources that does not overlap with the UL grant (Figure 6), the counter and total DAI should be re-initialized to zero in the next PDCCH monitoring occasion with a DL assignment in order to generate a new HARQ-ACK codebook for the later DL assignments.
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Figure 6: Dynamic HARQ-ACK codebook with later DL assignments later than DL abd not overlapping with the PUSCH
Proposal 4. For dynamic HARQ-ACK codebook, support second HARQ-ACK codebook for later DL assignments transmitted on PUCCH resources non-overlapping with PUSCH transmission scheduled with UL grant for PUSCH that piggybacks the initial HARQ-ACK codebook. 
Semi-static HARQ-ACK codebook case:

For the semi-static HARQ-ACK codebook the following scenarios can be distinguished:

· Scenarion 1: the indicated PUCCH resources for HARQ-ACK overlaps with the PUSCH at the moment of UL grant reception and the UL DAI VT-DAI,mUL is either 1 or not present and 1bit HARQ-ACK fallback conditions are not met at the moment of the UL grant is received as shown in Figure 7. In this scenario, the HARQ-ACK codebook including HARQ-ACK bits for the DL assignments that are received after the UL grant are all piggybacked on the PUSCH.
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Figure 7: Semi-static HARQ-ACK codebook, scenario 1
· Scenarion 2: the indicated PUCCH resources for HARQ-ACK overlaps with the PUSCH at the moment of UL grant reception and the UL DAI VT-DAI,mUL is either 1 or not present and 1bit HARQ-ACK fallback conditions are met at the moment of the UL grant is received as shown in Figure 8.  For this scenario, only the fallback 1bit HARQ-ACK feedback is piggybacked on the PUSCH and the UE could receive a later DL assignments with an ARI pointing to a PUCCH resource that does not overlap with the PUSCH. In which case the full semi-static HARQ-ACK codebook is generated/transmitted on the later HARQ-ACK transmission.
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Figure 8: Semi-static HARQ-ACK codebook, scenario 2
· Scenarion 3: the indicated PUCCH resources for HARQ-ACK overlaps with the PUSCH at the moment of UL grant reception and the UL DAI VT-DAI,mUL is 0 as shown in Figure 9. For this scenario, the HARQ-ACK codebook is not piggybacked on the PUSCH and the UE could receive a later DL assignments with an ARI pointing to PUCCH resource that does not overlap with the PUSCH.
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Figure 9: Semi-static HARQ-ACK codebook, scenario 3
Scenario 1 could be supported by the current HARQ-ACK codebook determination specification with minor changes to section 9.1.2.2 TS 38.213. However, scenario 2 and 3 requires that a second HARQ-ACK codebook reporting instance on PUCCH resources non-overlapping with PUSCH triggered by later DL assignments than the UL grant for PUSCH that piggybacks the initial HARQ-ACK codebook is supported for dynamic HARQ-ACK codebook. 

Proposal 5. For semi-static HARQ-ACK codebook, support second HARQ-ACK codebook reporting instance on PUCCH resources non-overlapping with PUSCH triggered by later DL assignments than the UL grant for PUSCH that piggybacks the initial HARQ-ACK codebook is supported for dynamic HARQ-ACK codebook.
The text proposal for proposals 7 and 8 is shown below.
--------------------------------------- begin of the text proposal in Section 9.1 38.213  ------------------------------------------

< Unchanged parts are omitted >
9.1.2.2 
Type-1 HARQ-ACK codebook in physical uplink shared channel

If a UE multiplexes HARQ-ACK in a PUSCH transmission that is not scheduled by a DCI format or is scheduled by DCI format 0_0, then 
-
if the UE has not received any PDSCH or SPS PDSCH release in any of the 
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 occasions for PDSCH reception by DCI format 1_0 or DCI format 1_1 or SPS PDSCH on any serving cell 
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, as described in Subclause 9.1.2.1, the UE does not multiplex HARQ-ACK in the PUSCH transmission;
-
else the UE generates the HARQ-ACK codebook as described in Subclause 9.1.2.1 except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH.
If a UE multiplexes HARQ-ACK in a PUSCH transmission that is scheduled by DCI format 0_1, the UE generates the HARQ-ACK codebook as described in Subclause 9.1.2.1 when a value of the DAI field in DCI format 0_1 is 
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 except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH. The UE does not generate a HARQ-ACK codebook for multiplexing in the PUSCH transmission when 
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If a UE receives a single PDSCH that is scheduled by a PDCCH with DCI format 1_0 for the monitoring occasions up to the UL grant scheduling the PUSCH transmission, the UE generates HARQ-ACK information only for the transport block in that PDSCH.
If DL assignments later than the UL grant on which the HARQ-ACK codebook is multiplexed point to a PUCCH resource that does not overlap with the PUSCH, the HARQ-ACK codebook is generated and transmitted according to section 9.1.2.1. Otherwise if the DL assignments later than the UL grant point to a PUCCH resource that overlaps with the PUSCH, the corresponding HARQ-ACK bits are part of the HARQ-ACK codebook multiplexed with the PUSCH transmission.
< Unchanged parts are omitted >
9.1.3.2 
Type-2 HARQ-ACK codebook in physical uplink shared channel

If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is not scheduled by a DCI format or is scheduled by DCI format 0_0, then

-
if the UE has not received any PDCCH within the monitoring occasions for DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or DL SPS PDSCH release on any serving cell 
[image: image18.wmf]c

 and the UE does not have HARQ-ACK information in response to SPS PDSCH reception(s) to multiplex in the PUSCH, as described in Subclause 9.1.3.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission;
-
else, the UE generates the HARQ-ACK codebook as described in Subclause 9.1.3.1, except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH.

If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by DCI format 0_1, the UE generates the HARQ-ACK codebook as described in Subclause 9.1.3.1, with the following modifications:
-
For 
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 is the value of the DAI field in DCI format 0_1 according to Table 9.1.3-2
-
For the case of first and second HARQ-ACK sub-codebooks, DCI format 0_1 includes a first DAI field corresponding to the first HARQ-ACK sub-codebook and a second DAI field corresponding to the second HARQ-ACK sub-codebook

-
harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH.
A UE does not multiplex in a PUSCH transmission HARQ-ACK information that is in response to PDSCH reception of SPS PDSCH release scheduled by DCI format 1_0 or DCI format 1_1 that the UE detects in a PDCCH monitoring occasion that is after a PDCCH monitoring occasion where the UE detects a DCI format 0_0 or a DCI format 0_1 scheduling the PUSCH transmission.

If a UE is scheduled for a PUSCH transmission by DCI format 0_1 with 
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 and the UE has not received any PDCCH within the monitoring occasions for PDCCH with DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or DL SPS release on any serving cell 
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 and the UE does not have HARQ-ACK information in response to SPS PDSCH reception(s) to multiplex in the PUSCH, as described in Subclause 9.1.3.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission.
The UE assume that counter and total DAI have been re-initialized following the UL grant scheduling the PUSCH transmission on which the HARQ-ACK codebook is multiplexed.

If DL assignments later than the UL grant on which the HARQ-ACK codebook is multiplexed point to a PUCCH resource that does not overlap with the PUSCH, the HARQ-ACK codebook is generated and transmitted for the PDCCH monitoring occasions later than the UL grant according to section 9.1.3.1. Otherwise if the DL assignments later than the UL grant point to a PUCCH resource that overlaps with the PUSCH, the corresponding HARQ-ACK bits are not transmitted.
< Unchanged parts are omitted >
--------------------------------------- end of the text proposal in Section 9.1 38.213  ----------------------------------------------


6. PUCCH resource adaptation considering UE processing time
The PUCCH resource determination is based on a PUCCH resource indicator field in the last DL assignment. When HARQ-ACKs of different PDSCH of different time instance are to be transmitted within one slot, the PUCCH resource may be updated from UE perspective. As shown in Figure 10, in Slot#n, UE thinks it is scheduled with PUCCH resource 1. However, in Slot#(n+1), UE is re-scheduled to PUCCH resource 2. Adaptation of PUCCH resource may advance the transmission time of PUCCH. However, NW shall anyway provide enough UE processing time. As shown in the example, T2 has to be equal to or larger than 8 symbols, in case of “15KSCS, without additional DMRS”. It is noted in the figure, TA is not considered for simplicity. 
                  
[image: image27]
Figure 10 Example of the updated PUCCH resource with advanced timing

Sometime, adaptation of PUCCH resource may postpone the transmission time of PUCCH. However, NW shall also anyway provide enough UE processing time. As shown in Figure 11, T2 has to be equal to or larger than (8+3) symbols, in case of “15KSCS, without additional DMRS”. Additional processing time of 3 symbols are added since the PDSCH in Slot#(n+1) had duration as 4 symbols. It seems fine from UE processing time perspective. However, in the example, to have a valid transmission of PUCCH resource 1, UE may need to start its preparation before UE decode the PDCCH in Slot#(n+1). If UE is assigned an updated PUCCH resource with additional HARQ-ACK bit to be multiplexed together, UE has to give up on-going preparation and change to prepare another PUCCH resource, which introduces UE’s design burden. There is no strong motivation for NR to support such flexibility. Hence, NR shall define a timing threshold that UE is not expected to be scheduled to have additional HARQ-ACK bit to be multiplexed together based on the DCI that is no earlier than the current PUCCH resource by “Timing threshold”. N2 requirement is for PUSCH scheduling, including PDCCH decoding and PUSCH preparation. Although the processing time for PDCCH decoding plus PUCCH preparation may not be exactly the same as N2, N2 is a good reference as the timing threshold. Therefore, we have the proposal:

Proposal 6. UE is not expected to have additional HARQ-ACK bit to be multiplexed together based on the DCI that is no earlier than the current PUCCH resource by N2 symbols.

[image: image28]
Figure 11 Example of the updated PUCCH resource with postponed timing



7. HARQ-ACK of dynamic PDSCH and SPS-PDSCH within a slot
It is not clear what the mechanism is when there are both HARQ-ACK of dynamic PDSCH and HARQ-ACK of SPS-PDSCH. There are potential two alternatives (also described briefly in Figure 12):

When there are both HARQ-ACK of dynamic PDSCH and SPS-PDSCH in the same slot

· Alt1 : All HARQ-ACK bits are transmitted by one PUCCH resource indicated by ARI

· Alt2 : 

· Step 1 : PUCCH#1 is determined by ARI and total number of HARQ-ACK bits of dynamic PDSCH

          PUCCH#2 is determined by RRC for HARQ-ACK of SPS-PDSCH

· Step 2 : If PUCCH#1 and PUCCH#2 overlap in time domain, to use ARI and total number of HARQ-ACK bits (including dynamic PDSCH and SPS-PDSCH) to determine the final PUCCH resource; otherwise, these two PUCCHs are both transmitted individually

                       
[image: image29]
Figure 12 Example of HARQ-ACK of dynamic PDSCH and SPS-PDSCH within a slot

Alt1 can work well, and the procedure is simpler considering colliding with other UCIs. For example, as shown in below Figure 13, there is one P-CSI colliding with both HARQ-ACK of dynamic PDSCH and HARQ-ACK of SPS-PDSCH. If Alt2 is applied, we need to further determine what the solution is for such scenario. For example, there are at least two potential solutions:

· Sol1 : to transmit all UCI together by PUCCH resource indicated by ARI
· Sol2 : to handle overlap of P-CSI and A/N of dynamic PDSCH at first, and PUCCH#1 is determined. 
· If PUCCH#1 overlaps with “PUCCH for A/N of SPS-PDSCH”, to perform multiplex again, and one final PUCCH is determined
· Otherwise, to transmit both PUCCH individually
It is not preferred to make UCI multiplexing even complicated further. Therefore, our thinking is Alt1 shall be adopted in NR.

Proposal 7. It is clarified that, when there are both HARQ-ACK for dynamic PDSCH and HARQ-ACK for SPS PDSCH within a slot, one PUCCH resource is determined based on ARI to transmit all HARQ-ACK bits. 

· Note : the payload size takes into account both HARQ-ACK for dynamic PDSCH and HARQ-ACK for SPS PDSCH

[image: image30]
Figure 13 Example of P-CSI colliding with HARQ-ACK of dynamic PDSCH and SPS-PDSCH within a slot


8. Conclusion
From above discussions, we have
Proposal 1. NR adopts one of the following alternatives:

· Alt 1. Cross-carrier scheduling is not supported in Rel-15. 

· Alt 2. Cross-carrier scheduling for aggregated carriers with different numerology is not supported in Rel-15. 

· Alt 3. Divided the UE feature 6-10 cross carrier scheduling into two parts.
· 6-10a cross carrier scheduling across same numerology
· 6-10b cross carrier scheduling across same and different numerology
· Alt 4. For cross-carrier scheduling across different numerology, 
· The reference timing of K0=0 and K2=0 is defined as the first slot which is overlapped with the slot in which the scheduling PDCCH is transmitted. 
· Additional constraints on K0/K2 should be defined, i.e., K0 > X and K2 > Y. FFS: the values of X and Y depend on the numerology of the scheduling and scheduled CC.
Proposal 2. The reference timing of K1=0 is defined as the last slot that is overlapped with the slot in which the corresponding PDSCH is transmitted.

Proposal 3. A UE may assume that the synchronization and RSRP for an SCell without SS block is the same as PCell or a configured SCell. FFS on RSSI measurement on the SCell.
Proposal 4. For dynamic HARQ-ACK codebook, support second HARQ-ACK codebook for later DL assignments transmitted on PUCCH resources non-overlapping with PUSCH transmission scheduled with UL grant for PUSCH that piggybacks the initial HARQ-ACK codebook. 
Proposal 5. For semi-static HARQ-ACK codebook, support second HARQ-ACK codebook reporting instance on PUCCH resources non-overlapping with PUSCH triggered by later DL assignments than the UL grant for PUSCH that piggybacks the initial HARQ-ACK codebook is supported for dynamic HARQ-ACK codebook.

Proposal 6. UE is not expected to have additional HARQ-ACK bit to be multiplexed together based on the DCI that is no earlier than the current PUCCH resource by N2 symbols.

Proposal 7. It is clarified that, when there are both HARQ-ACK for dynamic PDSCH and HARQ-ACK for SPS PDSCH within a slot, one PUCCH resource is determined based on ARI to transmit all HARQ-ACK bits. 

· Note : the payload size takes into account both HARQ-ACK for dynamic PDSCH and HARQ-ACK for SPS PDSCH
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However, even UE processing time is guaranteed,
the example shows that UE may know
it is re-scheduled to PUCCH resource 2 (with more HARQ-ACK bits to be multiplexed)
during the preparation of PUCCH resource 1, which introduces UE’s design burden.

Proposal : UE is not expected to have additional HARQ-ACK bit to be multiplexed together
based on the DCl that is no earlier than the current PUCCH resource by N, symbols
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