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1. [bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
In 3GPP RAN1 #92, the main agreements and working assumption on carrier aggregation are listed below [1].
Agreements:
· When a UE is configured with semi-static HARQ-ACK Codebook, support restricting HARQ-ACK timings for DCI format 1_0 to be a subset of ones configured for DCI format 1_1 for a given cell
· As an example: Configured HARQ-ACK timing for DCI format 1_1 are {2, 6, 9}  then, timings for DCI format 1_0 of {2, 6} are possible, but not if any timing value from{1, 3, 4, 5, 7, 8}
· UE is not expected to be indicated by DCI format 1_0 a HARQ-ACK timing which is not based on the above rule
Agreement:
· When a UE is configured with Semi-static HARQ-ACK Codebook, HARQ-ACK corresponding to PDSCH transmission(s) of the DL BWP before DL and/or UL BWP switching is not transmitted by the UE after the switching 
Working assumption:
· When a UE is configured with semi-static HARQ-ACK Codebook, on a per cell basis:
· If the UE indicates capability to receive more than one unicast PDSCH per slot, it assumes a max number of non-overlapping candidate unicast PDSCH occasions per slot as determined by the SLIV in the configured pdsch-symbolAllocation table. 
· Otherwise, the UE is expected to receive only one unicast PDSCH per slot, and HARQ-ACK association set assumes one unicast PDSCH per slot; 
· Handling HARQ-ACK for PDCCH for SPS release follows the same way as in LTE
Agreements:
· To respond the LS from RAN2 (on EN-DC):
· Simultaneous configuration of EN-DC and NR PUCCH Scell (PScell)
· Yes, but the UE is not expected to be configured with more than one PUCCH in NR under EN-DC
· Also state that it’s the RAN1 understanding of the intention of the question from RAN2
· Simultaneous transmission of PUCCH and PUSCH in LTE for EN-DC
· Yes

[bookmark: OLE_LINK14]In this contribution, we discuss the open issues for NR CA functionalities.
1. [bookmark: OLE_LINK1][bookmark: OLE_LINK11][bookmark: OLE_LINK10]Discussions
[bookmark: OLE_LINK17]HARQ-ACK codebook
Semi-static codebook
In previous RAN1 meetings, agreement had been achieved that K1 sets including the pre-defined set of HARQ-ACK timings for DCI format 1-0 and the higher layer configured set of HARQ-ACK timings for DCI format 1-1 are considered to determine the HARQ association set. The higher layer configured pdsch-symbolAllocation table was also taken into account when a UE indicates capability to receive more than one unicast PDSCH per slot to decide semi-static HARQ-ACK codebook. However, there was no common understanding on whether the configured PDCCH monitoring occasion should be considered during the email discussions. Since the possible K0 values, the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern within a slot for each search space are configured per BWP.   For a PDSCH occasion in slot n, if there is no any PDCCH monitoring occasion in slot n-K0, the PDSCH occasion can be removed from the candidate PDSCH receptions to reduce the HARQ-ACK codebook size. 
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Figure 1. An example that HARQ association set w/wo considering K0 and PDCCH monitoring occasions 
The above Figure 1 gives an example with (Figure 1(b)) and without (Figure 1(a)) considering PDCCH monitoring occasions. In both cases, K1 set {2, 3, 6, 8} is assumed and PDCCH monitoring periodicity 3 slots with offset 0 are configured. Besides, the configured possible K0 values only include 0 and 1. Since 2 PDSCHs (grey in figure1b) are not schedulable by PDCCHs within the configured PDCCH monitoring occasions, only 2 candidate PDSCH receptions are left compared with 4 candidate PDSCH receptions without considering PDCCH monitoring occasions.
Proposal 1: When a UE is configured with semi-static HARQ-ACK codebook, the HARQ association set is determined based on K0 and PDCCH monitoring occasions.

In current spec, the semi-static HARQ-ACK codebook size is dependent on a set of occasions for candidate PDSCH receptions. And the total number of PDSCH occasions at least depends on
· The number of slot timing values in K1 set (up to 8);
· The number of non-overlapped PDSCH occasions within a slot (up to 7 assuming 2-symbol mini-slot);
· The slot duration difference of different numerologies between DL and UL (up to 8 times assuming DL SCS 120k, UL SCS 15k).
Considering the parameters above, the total number of PDSCH occasions may be larger than the configured number of HARQ processes. As shown in Figure 2, assuming the number of PDSCH HARQ processes is 4 and no mini-slot scheduling is considered for simplicity, the total number of possible PDSCH occasions which need HARQ-ACK information is 16 based on current semi-static HARQ-ACK codebook mechanism. Considering that for each HARQ process ID, UE is not expected to receive a PDSCH with the same HARQ process ID until the time after transmission of the HARQ-ACK, the number of possible PDSCHs within the PDSCH occasions will not exceed the configured number of HARQ processes, i.e., 4. That means the current semi-static HARQ-ACK codebook mechanism is over-dimensioned, especially with CBG, CA, two CWs configurations. Instead, the minimum of {number of candidate PDSCH occasions, configured number of HARQ processes} can be considered for determining the HARQ association set. To be specific, if the total number of possible PDSCH occasion is larger than the configured number of HARQ process, the semi-static codebook size can be determined based on the configured number of HARQ process and locate HARQ-ACK information based on the HARQ ID as shown in Figure 2. Otherwise, semi-static codebook determination based on the total possible PDSCH occasion could be applied. 
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Figure 2. An example that the number of total possible PDSCH occasions is larger than the configured number of HARQ process
Proposal 2: When a UE is configured with semi-static HARQ-ACK codebook, consider the minimum of {number of candidate PDSCH occasions, configured number of HARQ processes} in determining the HARQ association set.
Dynamic codebook
When a UE is configured with semi-static codebook, BWP switching is clearly supported and how to deal with the HARQ-ACK bit before/after BWP switching had been discussed in RAN1 meeting. Whether BWP switching is supported or not has not been mentioned in dynamic codebook discussion. 
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[bookmark: _Ref505953267]Figure 3. An example of dynamic codebook to support DL BWP switching with same/different numerology
Figure 3 above illustrates the DL BWP switching case for dynamic HARQ-ACK codebook. It can been seen that dynamic HARQ-ACK codebook mechanism based on PDCCH monitoring occasions could work if the same principle of counter-DAI and total-DAI is followed before and after DL BWP switching. The HARQ-ACK bit before and after DL BWP switching could be reported together in a whole HARQ-ACK codebook. The corresponding draft CR to make this point clearer can be found in [2].
Observation 1: The HARQ-ACK bit corresponding to PDSCHs before and after DL/UL BWP switching based on DAI mechanism can be transmitted at a PUCCH.
Simultaneous configuration of EN-DC and NR PUCCH SCell (PScell)
In RAN1#92 meeting, the following agreements on EN-DC for reply LS to RAN2 were achieved [1]:
	Agreements:
· To respond the LS from RAN2 (on EN-DC):
· Simultaneous configuration of EN-DC and NR PUCCH Scell (PScell)
· Yes, but the UE is not expected to be configured with more than one PUCCH in NR under EN-DC
· Also state that it’s the RAN1 understanding of the intention of the question from RAN2
· Simultaneous transmission of PUCCH and PUSCH in LTE for EN-DC
· Yes


But in the subsequent email discussion, some concern was raised according to the statement in blue about simultaneous configuration of EN-DC and NR PUCCH SCell. Therefore, this part in the agreement was not captured in the final Reply LS [3]. Further discussion is needed on this aspect.
According to the following agreement for NR DC:
NRAH#2 Email approved agreement:
•    NR Supports 2 cell groups for PUCCH for NR DC
Totally 2 PUCCH groups are supported for NR DC. However, there is no any conclusion on how many PUCCH group can be supported for EN-DC. If up to 2 PUCCH groups are supported, UE is not expected to be configured with more than one PUCCH in NR under EN-DC. If more than 2 PUCCH groups can be supported, UE can be configured with two NR PUCCH under EN-DC. Thus, we have the following proposal:
Proposal 3: Rel-15 supports simultaneous configuration of EN-DC and NR PUCCH Scell (PScell)
· FFS how many PUCCH can be configured in NR under EN-DC.
TA offset for TDD+FDD CA
In the TAG contains either PCell or PSCell, all the carriers follow the timing advance adjustment in the PCell or PSCell. For the other TAG, if it contains both TDD and FDD, all the carriers should adjust the transmission timing with TA offset. In LTE, there is no ambiguity on how to select the exact TA offset value in this case because all the TDD carriers use the same TA offset value which is 624Ts. 
However in NR, different carriers may correspond to different TA offset values, since 13us TA offset for TDD carrier in FR1 and 7us TA offset for TDD carrier in FR2. For example, there are 3 SCells in the same TAG, named SCell1, SCell2 and Scell3, where SCell1 is on FDD mode while SCell 2 in FR1 and SCell3 in FR2 are on TDD mode. As a result, SCell2 and Scell3 correspond to 13us and 7us TA offset, respectively. In this case, the specification should clearly define which TA offset value should be adopted for these SCells in the same TAG. 
Since TA offset is defined to guarantee both gNB and UE to have enough time to change transmission direction, the exact value should ensure that for all the carriers the transmission direction transition time is sufficient. Therefore, the UE should adjust its transmission timing in all the carriers with in the TAG according to the corresponding largest TA offset value. 
[bookmark: OLE_LINK32]Proposal 4: For TDD+FDD CA, in a TAG without PCell or PSCell, UE should adjust its uplink transmission timing of all SCells in the TAG using the largest TA offset value corresponding to all carriers within the TAG.
1. SRS switching among CCs
[bookmark: OLE_LINK21]In NR Rel-15, a serving cell may contain one DL and two ULs (i.e. one non-SUL and one SUL). And it was agreed in RAN2#AH1 meeting that SUL carrier is configured per cell, meaning that PCell, SCell and SPCell can be configured with an SUL carrier. For example in Figure 4, PCell configured with an SUL carrier is aggregated with a SCell, where the SCell is configured with PUSCH/PUCCH less transmission. 
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Figure 4. PCell configured with an SUL carrier is aggregated with an SCell 
Observation2: Serving cell configured with SUL carrier can be aggregated with other serving cells in CA.
LTE Rel-14 SRS switching mechanism is a baseline for NR design. Different from LTE, some new features are supported in NR, including SUL, short PUCCH and multiple numerology in terms of collision handling and signaling. For example, for the CA with SUL case in Figure 4, it should be clarified which uplink carrier is SRS switching-from or switching-to carrier. Please refer to [4] and [5] for details.
Observation 3: SRS switching should consider new features including SUL, short PUCCH and multiple numerologies in NR.

1. [bookmark: _Ref129681832]Conclusion
[bookmark: _Ref124671424][bookmark: _Ref71620620][bookmark: _Ref124589665]The following proposals and observations on NR carrier aggregation are made:
Observation 1: The HARQ-ACK bit corresponding to PDSCHs before and after DL/UL BWP switching based on DAI mechanism can be transmitted at a PUCCH.
Observation2: Serving cell configured with SUL carrier can be aggregated with other serving cells in CA.
Observation 3: SRS switching should consider new features including SUL, short PUCCH and multiple numerologies in NR.
Proposal 1: When a UE is configured with semi-static HARQ-ACK codebook, the HARQ association set is determined based on K0 and PDCCH monitoring occasions.
Proposal 2: When a UE is configured with semi-static HARQ-ACK codebook, consider the minimum of {number of candidate PDSCH occasions, configured number of HARQ processes} in determining the HARQ association set.
Proposal 3: Rel-15 supports simultaneous configuration of EN-DC and NR PUCCH Scell (PScell)
· FFS how many PUCCH can be configured in NR under EN-DC.
Proposal 4: For TDD+FDD CA, in a TAG without PCell or PSCell, UE should adjust its uplink transmission timing of all SCells in the TAG using the largest TA offset value corresponding to all carriers within the TAG.
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