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1. Introduction

In this contribution, we discuss the following issues for carrier aggregation (CA) 
· Simultaneous reception and transmission when the configured component carriers (CCs) have different UL/DL transmission direction in the same slot 

· Timing of cross carrier scheduling across different numerology 

· HARQ-ACK timing for different numerology

· DL association set for semi-static HARQ-ACK codebook
· Semi-static HARQ-ACK codebook generation in PUSCH
For each topic, our views and proposals are provided.



2. Carriers with different UL/DL transmission configuration
In CA, the CCs configured to an UE may have different UL/DL ratio in the same slot. For intra-band contiguous CA, UE may use the same RF chain for transmission and reception on two contiguous CCs. In this case, UE cannot simultaneously perform transmission on one CC and receptions on another CC which shares the same RF chain. For inter-band CA, some UEs may not perform simultaneously transmission on one CC and reception on another CC due to the constraint on complexity or power consumption. Thus UE behavior should be specified when different transmission directions are configured for different CCs. Figure 1 shows the cases when the PCell and SCell have different slot format configurations. In Figure 1(a), PCell and SCell have the same subcarrier spacing. In Figure 1(b), the subcarrier spacing of SCell is larger than that of PCell and in Figure 1(c) the subcarrier spacing of SCell is smaller than that of PCell. For each case, the UE does not transmit anything in the OFDM symbols on the SCell which are fully or partially overlapped with the DL transmission on PCell in a reference symbol duration. The reference symbol duration is defined as the time duration of an OFDM symbol in the PCell. 
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Figure 1 Examples of different UL/DL transmission directions between PCell and SCell.
Therefore, we have

Proposal 1.  If the OFDM symbols of the aggregated cells have different UL/DL transmission directions at a given time in unpaired spectrum and UE is not capable of simultaneous reception and transmission at the same time, following constraints should apply
· For a given reference symbol duration,
· If the transmission direction of PCell in the reference symbol duration is DL, the UE shall not transmit any signal or channel in one or more OFDM symbols on a SCell which are fully or partially overlapped with the reference symbol duration.

· If the transmission direction of PCell in the reference symbol duration is UL, the UE is not expected to receive any downlink transmissions in one or more OFDM symbols on a SCell which are fully or partially overlapped with the reference symbol duration.
· The reference symbol duration is the time duration of an OFDM symbol in the PCell.

The text proposal for proposal 1 is shown below.
--------------------------------------- begin of the text proposal in Section 4.5 38.211 --------------------------------------------
< Unchanged parts are omitted >
4.5
Carrier aggregation
Transmissions in multiple cells can be aggregated where up to fifteen secondary cells can be used in addition to the primary cell. Unless otherwise noted, the description in this specification applies to each of the up to sixteen serving cells. 
In case multiple cells with different downlink/uplink transmission directions at a given time are aggregated in unpaired spectrum and the UE is not capable of simultaneous reception and transmission at the same time, the following constraints apply:

For a given reference symbol duration,

-
if the transmission direction of the primary cell in the reference symbol duration is downlink, the UE shall not transmit any signal or channel in one or more OFDM symbols on a secondary cell which are fully or partially overlapped with the reference symbol duration.
-
if the transmission direction of the primary cell in the reference symbol duration is uplink, the UE is not expected to receive any downlink transmissions in one or more OFDM symbols on a secondary cell which are fully or partially overlapped with the reference symbol duration.
where the reference symbol duration is the time duration of an OFDM symbol in the primary cell.
< Unchanged parts are omitted >
--------------------------------------- end of the text proposal in Section 4.5 38.211    --------------------------------------------
Proposal 2. Confirm “simultaneous reception and transmission on different carriers for each band combination” as an optional feature in the NR feature list.


3. Timing of cross carrier scheduling across different numerology 
In CA, it was agreed that the time granularity indicated in the DCI is based on the numerology of the scheduled transmission when the numerology between PDCCH and scheduled transmission are different. However, the definition of K0=0 and K2=0 for cross-carrier scheduling with different numerology is not clear. In our view, Both K0=0 and K2=0 are defined as the first slot which is overlapped with the slot in which the scheduling PDCCH is transmitted. Figure 2(a) and Figure 3(a) show the examples of the definition of K0 and K2 when the scheduling PDCCH has a smaller numerology than the scheduled PDSCH and PUSCH. Figure 2(b)(c) and Figure 3(b)(c) show the examples of the definition of K0 and K2 when the scheduling PDCCH has a larger numerology than the scheduled PDSCH and PUSCH. Therefore, we have
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Figure 2 Definition of K0 for cross-carrier scheduling with different numerology
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Figure 3 Definition of K2 for cross-carrier scheduling with different numerology
Proposal 3. Both K0=0 and K2=0 are defined as the first slot which is overlapped with the slot in which the scheduling PDCCH is transmitted. 
The text proposal for proposal 3 is shown below.
------------------------------------ begin of the text proposal in Section 5.1.2.1 and 6.1.2.1 in 38.214  ---------------------------

< Unchanged parts are omitted >

5.1.2.1
Resource allocation in time domain

When the UE is scheduled to receive PDSCH by a DCI, the Time domain resource assignment field of the DCI provides a row index of an RRC configured table pdsch-symbolAllocation, where the indexed row defines the slot offset K0, the start and length indicator SLIV, and the PDSCH mapping type to be assumed in the PDSCH reception.
Given the parameter values of the indexed row:
-
The slot allocated for the PDSCH is 
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, where n is the slot with the scheduling DCI, and K0 is based on the numerology of PDSCH, and
-    If the UE is configured to monitor PDCCH candidates with carrier indicator field corresponding in another serving cell, K0=0 is defined as first slot which is overlapped with the slot in which the scheduling PDCCH is transmitted. 

-
The starting symbol S relative to the start of the slot, and the number of consecutive symbols L counting from the symbol S allocated for the PDSCH are determined from the start and length indicator SLIV:
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The PDSCH mapping type is set to Type A or Type B as defined in sub-clause 7.4.1.1.2 of [4, TS 38.211] .
< Unchanged parts are omitted >
6.1.2.1
Resource allocation in time domain

When the UE is scheduled to transmit a transport block and no CSI report, or the UE is scheduled to transmit a transport block and a CSI report on PUSCH by a DCI, the Time domain resource assignment field of the DCI provides a row index of an RRC configured table pusch-symbolAllocation, where the indexed row defines the slot offset K2, the start and length indicator SLIV, and the PUSCH mapping type to be applied in the PUSCH transmission.

When the UE is scheduled to transmit a PUSCH with no transport block and with a CSI report by a CSI request field on a DCI, the Time-domain PUSCH resources field of the DCI provides a row index of an RRC configured table pusch-symbolAllocation, where the indexed row defines the start and length indicator SLIV, and the PUSCH mapping type to be applied in the PUSCH transmission and K2 is determined based on the corresponding list entries 
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The slot where the UE shall transmit the PUSCH is determined by K2 as 
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 where n is the slot with the scheduling DCI, K2 is based on the numerology of PUSCH, and
-    If the UE is configured to monitor PDCCH candidates with carrier indicator field corresponding in another serving cell, K2=0 is defined as first slot which is overlapped with the slot in which the scheduling PDCCH is transmitted. 

-
The starting symbol S relative to the start of the slot, and the number of consecutive symbols L counting from the symbol S allocated for the PUSCH are determined from the start and length indicator SLIV of the indexed row:
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The PUSCH mapping type is set to Type A or Type B as defined in  Subclause 6.4.1.1.3 pf of [4, TS 38.211] as given by the indexed row.
< Unchanged parts are omitted >
------------------------------------ end of the text proposal in Section 5.1.2.1 and 6.1.2.1 in 38.214  ------------------------------
For the case that the scheduling PDCCH has a larger numerology than the scheduled PDSCH/PUSCH, if the beginning slot boundary of the scheduling PDCCH is not aligned with the slot boundary of the scheduled PDSCH/PUSCH (see Figure 2(c) and Figure 3(c)), using K0=0 or K2=0 is not preferred because the scheduling effort and the UE complexity may increase.

Proposal 4. For cross-carrier scheduling, the starting position of the scheduling PDCCH is no later than the starting position of the scheduled PDSCH.



4. 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 definition 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 5. 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 or PUSCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 that includes a PDSCH-to-HARQ-timing-indicator field [5, TS 38.212] and schedules a PDSCH reception or a SPS 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 or PUSCH 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 9.2.1-1 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  ----------------------------------------------


5. DL association set for semi-static HARQ-ACK codebook
In NR, the definition for DL association set for semi-static HARQ codebook is not clear. To minimize the unnecessary overhead on the HARQ-AKC codebook, we propose that the DL association set for semi-static HARQ codebook is determined based on K1 values by RRC, semi-static DL/UL assignment, SFI (if configured), and UE-specific DCI. The rule is described in the following:
· The DL association set is defined as the set of slots configured by K1 values from RRC except for
· A slot which is indicated as “full UL” from semi-static DL/UL assignment.
· A slots which is indicated as “full unknown” from semi-static DL/UL assignment and no DL OFDM symbol is indicated by SFI if GC-PDCCH is configured (e.g. SFI indicates XXXXXXUUUUUUUU).
· A slots which is indicated as “unknown+UL” from semi-static DL/UL assignment and no DL OFDM symbol is indicated by SFI if GC-PDCCH is configured (e.g. SFI indicates XXXXXXUUUUUUUU).
· A slots which is indicated as “full unknown” from semi-static DL/UL assignment if GC-PDCCH is not configured.
· A slots which is indicated as “unknown+UL” from semi-static DL/UL assignment if GC-PDCCH is not configured.
· A slot in which full UL transmission is implied by UE-specific DCI.
Proposal 6. The DL association set for semi-static HARQ codebook is determined based on K1 values by RRC, semi-static DL/UL assignment, SFI (if configured), and time-domain resource assignment indicated by uplink grant.


6. Semi-static HARQ-ACK codebook generation in PUSCH
The following working assumption was made in RAN1 AH 18-01 meeting to save on the HARQ-ACK overhead in case of semi-static (Type 1) HARQ-ACK codebook:
Working assumption:

· In case a UE is configured for semi-static HARQ-ACK codebook determination, when the UE detects to receive only one PDSCH on the Pcell, the UE reports HARQ-ACK only for the one PDSCH

· FFS whether additional constraints are necessary for the above operation

Based on this working assumption, the UE reports the HARQ-ACK only for one PDSCH when the UE detects to receive only one PDSCH on the Pcell. Although this working assumption is intended for both HARQ-ACK codebook transmission in both PUCCH and PUSCH, however the current section 9.1.2.2 [3, TS 38.213] for Type 1 HARQ-ACK codebook in PUSCH does not reflect this working assumption and should be changed accordingly.

In addition, in the case of HARQ-ACK codebook in PUSCH along with the above agreement, if UE detects no PDSCH reception, the UE should not have to transmit any HARQ-ACK feedback in case the PUSCH transmission is not scheduled by a DCI format or is scheduled by DCI format 0_0.

Proposal 7.   The UE should not transmit HARQ-ACK feedback in case it does not detect a PDSCH reception and the HARQ-ACK is multiplexed in a PUSCH transmission that is not scheduled by a DCI format or is scheduled by DCI format 0_0.
Furthermore, in the case of HARQ-ACK multiplexed with a PUSCH transmission that is scheduled by  DCI format 0_1 it is unclear what is the HARQ-ACK codebook to be generated is in case 
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 and either UE detects to receive only one PDSCH on the Pcell or the UE detects no PDSCH to receive at all. In line with the above working assumption, and in order to save on the HARQ-ACK overhead, the UE should reports the HARQ-ACK corresponding to a single PDSCH reception from the PCell in case 
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 and either UE detects to receive only one PDSCH on the Pcell or the UE detects no PDSCH to receive at all.
Proposal 8. The UE should transmit HARQ-ACK for a single PDSCH on the PCell, in case it does not detect a PDSCH reception or it detects to receive only one PDSCH on the Pcell and the HARQ-ACK is multiplexed in a PUSCH transmission that is scheduled by DCI format 0_1 with 
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The text proposal for proposals 7 and 8 is shown below.
--------------------------------------- begin of the text proposal in Section 9.1.2.2 38.213  ------------------------------------------

< Unchanged parts are omitted >
9.1.2.2 
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 the following applies:

· if UE receives no PDSCH, no HARQ-ACK codebook is generated
· if UE receives only a PDSCH on the PCell, UE determines a HARQ-ACK codebook only for the single PDSCH on the PCell taking in account the HARQ-ACK-spatial-bundling-PUSCH
· otherwise, the UE generates the HARQ-ACK codebook as described in Subclause 9.1.2.1 except that HARQ-ACK-spatial-bundling-PUCCH is replaced by HARQ-ACK-spatial-bundling-PUSCH.

If a UE multiplexes HARQ-ACK in a PUSCH transmission that is scheduled by DCI format 0_1, then the following applies:
· if 
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 no HARQ-ACK codebook is generated
· if 
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 and UE receives only a PDSCH on the PCell, UE determines a HARQ-ACK codebook only for the single PDSCH taking in account the HARQ-ACK-spatial-bundling-PUSCH
· if 
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 and UE receives no PDSCH, UE determines a HARQ-ACK codebook assuming a single PDSCH from PCell has not been received. The HARQ-ACK codebook is generated taking in account the HARQ-ACK-spatial-bundling-PUSCH
· otherwise, the UE generates the HARQ-ACK codebook as described in Subclause 9.1.2.1 except that HARQ-ACK-spatial-bundling-PUCCH is replaced by HARQ-ACK-spatial-bundling-PUSCH.when a value of the DAI field in DCI format 0_1 is . The UE does not generate a HARQ-ACK codebook for multiplexing in the PUSCH transmission when . 

< Unchanged parts are omitted >
--------------------------------------- end of the text proposal in Section 9.2.3 38.213  ----------------------------------------------


7. Conclusion
From above discussions, we have
Proposal 1. If the OFDM symbols of the aggregated cells have different UL/DL transmission directions at a given time in unpaired spectrum and UE is not capable of simultaneous reception and transmission at the same time, following constraints should apply

· For a given reference symbol duration,
· If the transmission direction of PCell in the reference symbol duration is DL, the UE shall not transmit any signal or channel in one or more OFDM symbols on a SCell which are fully or partially overlapped with the reference symbol duration.

· If the transmission direction of PCell in the reference symbol duration is UL, the UE is not expected to receive any downlink transmissions in one or more OFDM symbols on a SCell which are fully or partially overlapped with the reference symbol duration.
· The reference symbol duration is the time duration of an OFDM symbol in the PCell.

Proposal 2. Confirm “simultaneous reception and transmission on different carriers for each band combination” as an optional feature in the NR feature list.

Proposal 3. Both K0=0 and K2=0 are defined as the first slot which is overlapped with the slot in which the scheduling PDCCH is transmitted. 
Proposal 4. For cross-carrier scheduling, the starting position of the scheduling PDCCH is no later than the starting position of the scheduled PDSCH.
Proposal 5. K1=0 is defined as the last slot that is overlapped with the slot in which the corresponding PDSCH is transmitted.
Proposal 6. The DL association set for semi-static HARQ codebook is determined based on K1 values by RRC, semi-static DL/UL assignment, SFI (if configured), and time-domain resource assignment indicated by uplink grant. 
Proposal 7.   The UE should not transmit HARQ-ACK feedback in case it does not detect a PDSCH reception and the HARQ-ACK is multiplexed in a PUSCH transmission that is not scheduled by a DCI format or is scheduled by DCI format 0_0.

Proposal 8. The UE should transmit HARQ-ACK for a single PDSCH on the PCell, in case it does not detect a PDSCH reception or it detects to receive only one PDSCH on the Pcell and the HARQ-ACK is multiplexed in a PUSCH transmission that is scheduled by DCI format 0_1 with 
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