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1 Introduction

In 3GPP RAN1 Ad Hoc meeting #4, the main agreements and working assumption on carrier aggregation are listed below.
Agreements:

· Place HARQ-ACK bit(s) in response to SPS PDSCH after ones in response to dynamic PDSCH in the HARQ-ACK codebook
· For semi-static HARQ-ACK codebook, the UE provides CBG-based HARQ-ACK in response to detecting DCI format 1_0 for PDSCH reception on a cell with configuration for CBG-based HARQ-ACK
· No additional bundling for HARQ-ACK is supported when the actual coding rate for UCI on PUCCH exceeds the configured coding rate

· In this case, no dropping of HARQ-ACK

· If the actual coding rate on PUCCH carrying HARQ-ACK/SR only exceeds the configured coding rate, the UE is expected to proceed with the PUCCH transmission carrying the HARQ-ACK/SR
· DCI 0-0 doesn’t contain DAI

· DCI 1-0 contains a 2-bit counter DAI but doesn’t contain total DAI
· Regarding how to select PUSCH for piggybacking UCI 

· Follows the LTE-approach
· FFS whether or not there are any specific issues
NRAH#4 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
In this contribution, we discussed the open issues for NR CA basic functionalities to enable up to 2 different numerologies within the same PUCCH group according to RAN#78 plenary and the latest TS and agreements.
2 Discussions
In RAN  plenary #78, it is agreed to work on the support of NR-NR CA of up to 2 numerologies within the same PUCCH group. There are some discussions and agreements about multiple numerologies within one PUCCH group in RAN1 before RAN plenary #77. Moreover, great standard effort has been made for SUL with different (smaller) SCS and some conclusions are also suitable for the scenario that one PUCCH group have two numerologies except SUL. However there are still some open issues need to be solved. In this section we will discuss on how to support up to 2 numerologies within on PUCCH group. 
3 HARQ-ACK semi-static codebook design
Semi-static codebook based on PDCCH occasion/periodicity in the latest TS can work in most cases. In order to complete the use cases, at least following factors should be considered to determine the set of PDSCH occasions which the UE can transmit corresponding HARQ-ACK information in a PUCCH.
3.1 DL BWP switching
Scenario: A UE can be configured by higher layers for a serving cell a set of at most four bandwidth parts (BWPs) for receptions and a set of at most four BWPs for transmissions. Although it was agreed that “A UE is not expected to transmit HARQ-ACK if a UE’s active UL BWP is switched between the reception of the corresponding DL assignment and the time of HARQ-ACK transmission at least for the paired spectrum”, the case where UE’s active UL BWP is not switched while UE’s active DL BWP is switched may happen for paired spectrum. Therefore, for paired spectrum, whether UE will transmit HARQ-ACK with consideration of possible DL BWP only switching should be further studied.

Option 1: If HARQ-ACK codebook takes possible DL BWP only switching into consideration, UE should transmit HARQ-ACK for the PDSCHs before and after DL BWP switching to ensure gNB know the decoding results of all the data. To support dynamic DL BWP switching and avoid confusion of HARQ-ACK codebook size, the PDSCH occasions set of a serving cell should be superset of the PDSCH occasions set of all configured DL BWP as shown in Figure 1. Through this way, it is also benefits forward compatibility to support multiple active BWPs. Similarly, it also can be considered that the UE can transmit HARQ-ACK even if its DL and UL BWP switching happen for the unpaired spectrum. However, the payload size of the HARQ-ACK codebook may be significantly increased even the DL BWP is not switched. 
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Figure 1.a. An example of semi-static codebook to support dynamic DL BWP switching with same numerology

[image: image2.png]DLBWP1:

Klset:{12}

DL associated set 1

DLBWP2:
SCS: 15K
Kiset(23}

DL associated set 2

ULBWP:
SCS: 15K

=l =0 HARQ-ACK fo superset of possible PDSCE accasions overal configured BWPs, e,
BWPI {slot n+4 ~ slot 111} U BWP2{slot n, slot n=1)




Figure 1.b. An example of semi-static codebook to support dynamic DL BWP switching with different numerology
Option 2: If DL BWP only switching is not considered in HARQ-ACK feedback, the HARQ-ACK codebook should be generated based on the PDSCH occasion set of the active BWP at the beginning of a DL association set. This method is simple and with low overhead while there may be some performance loss when only DL BWP is switched, such as limiting DL BWP switching occasions or missing HARQ-ACK during DL BWP only switching. As depicted in Figure 1, in this example the HARQ-ACK codebook is generated based on DL BWP 2. In R-15, for simplicity, the second method is more preferred.
Proposal 1: PDSCH occasion set of a serving cell for HARQ-ACK determination should be the PDSCH occasion set of the active DL BWP. For BWP switching, the active DL BWP is the DL BWP before switching.
3.2 Possible DCI formats scheduling PDSCH
Current spec has captured that the semi-static codebook consists of HARQ-ACK for possible PDSCH occasions scheduled by fallback DCI and non-fallback DCI. Especially, the possible PDSCH occasions are determined by the K1 set and pdsch-symbolAllocation table. For non-fallback DCI, the K1 set and pdsch-symbolAllocation table can be configured by RRC signaling. For fallback DCI, the K1 set was agreed to be fixed as {1,2,3,4,5,6,7,8}. As agreed in RAN1 Ad Hoc meeting #4, it can be configured for the USS with monitoring DCI format 0_1 and 1_1 only or monitoring DCI format 0_0 and 1_0 only. Therefore, the K1 set used to determine the HARQ-ACK codebook should be dependent on the configured DCI formats scheduling PDSCH in a serving cell. To be specific,

· If PDSCH of a serving cell can only be scheduled by fallback DCI (e.g., monitoring DCI format 0_0 and 1_0 only are configured for USS and not configured with cross-carrier scheduling for the serving cell), then the HARQ-ACK determination is based on a set of K1 timing values provided by the K1 timing values {1, 2, 3, 4, 5, 6, 7, 8} for scheduling is by DCI format 1_0.

· If PDSCH of a serving cell can only be scheduled by non-fallback DCI (e.g., monitoring DCI format 0_1 and 1_1 only are configured for USS and the serving cell is a secondary cell without fallback DCI in CSS), then the HARQ-ACK determination is based on a set of K1 timing values configured by RRC signaling for scheduling with DCI format 1_1.

· If PDSCH of a serving cell can be scheduled by non-fallback DCI and fallback DCI, then the HARQ-ACK determination is based a set of K1 timing values provided by the union of the K1 timing values {1, 2, 3, 4, 5, 6, 7, 8} for scheduling is by DCI format 1_0 and the K1 timing values configured by RRC signaling for scheduling with DCI format 1_1.
Similarly, the pdsch-symbolAllocation table also can be pre-defined for fallback DCI. Thus, the pdsch-symbolAllocation table used to determine the HARQ-ACK codebook should also be dependent on the configured DCI formats scheduling PDSCH in a serving cell.
Proposal 2: The K1 set used to determine the HARQ-ACK codebook should be dependent on the configured DCI formats scheduling PDSCH in a serving cell,

· If PDSCH of a serving cell can only be scheduled by DCI format 1_0, the HARQ-ACK determination is based on a set of K1 timing values provided by the K1 timing values {1, 2, 3, 4, 5, 6, 7, 8}.

· If PDSCH of a serving cell can only be scheduled by DCI format 1_1, the HARQ-ACK determination is based on a set of K1 timing values provided by the K1 timing values configured by RRC signaling.

· If PDSCH of a serving cell can be scheduled by DCI format 1_0 and DCI format 1_1, the HARQ-ACK determination is based a set of K1 timing values provided by the union of the K1 timing values {1, 2, 3, 4, 5, 6, 7, 8} for scheduling with DCI format 1_0 and the K1 timing values configured by RRC signaling for scheduling with DCI format 1_1.
Proposal 3: The pdsch-symbolAllocation table used to determine the HARQ-ACK codebook should be dependent on the configured DCI formats scheduling PDSCH in a serving cell,

· If PDSCH of a serving cell can only be scheduled by DCI format 1_1, the HARQ-ACK determination is based on the pdsch-symbolAllocation table configured by RRC signalling.

· If PDSCH of a serving cell can only be scheduled by DCI format 1_0, the HARQ-ACK determination is based on a pre-defined pdsch-symbolAllocation table for DCI format 1_0.
· If PDSCH of a serving cell can be scheduled by DCI format 1_0 and DCI format 1_1, the HARQ-ACK determination is based the pdsch-symbolAllocation table configured by RRC signaling for DCI format 1_1 and a pre-defined pdsch-symbolAllocation table for DCI format 1_0.
The detailed CR can be found in [7].
4 UCI piggyback
UE may need to perform UCI piggyback when the scheduled PUSCH is overlapped with PUSCH in NR. If the UE is configured with CA mode, there may be multiple PUSCH overlapped with PUCCH in both time-domain and carrier-domain. In this case, the UE should select one or multiple PUSCH(s) to carry UCI.
In LTE, similar selection problem has been discussed and solved. For the carrier-domain selection, when UCI consists of P-CSI and/or HARQ-ACK and it needs to be transmitted in PUSCH in CA, the UCI shall be transmitted on primary cell if primary cell PUSCH exists. Otherwise, UCI will be transmitted on the SCell with smallest SCellIndex. As for the time-domain selection, when the PUSCH is transmitted in sTTI and the PUCCH is located in normal TTI, UCI is carried by the first PUSCH.
The carrier-domain selection method has been agreed to be reused in NR in the last meeting. Sine PUSCH and PUCCH may have different numerology and different slot length, how to perform time-domain selection should be discussed. As previously described, in LTE the first PUSCH in time domain carries the UCI. In other word, the first scheduled PUSCH is selected due to the fixed scheduling timing. Different from LTE, NR support dynamic scheduling and feedback timing indication from a set of pre-configured timing values. As a result, the later UL grant may schedules an earlier PUSCH. In this case, the later UL grant is usually supposed to schedule the more urgent services and the quality of the corresponding PUSCH should better be guaranteed. Therefore, UCI may not occupy the resources in the earlier PUSCH and should be carried in the PUSCH which is scheduled earlier. Besides, in most cases when UCI is transmitted in the first scheduled PUSCH, the processing time is more loose.
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Figure 2. An example of UCI carried by the first scheduled PUSCH.
Proposal 4: For NR CA, the UE should select the UCI-carrying-PUSCH first from the carrier-domain and then from the time domain. If the PUCCH is overlapped with multiple PUSCH in time domain, the PUSCH with earlier UL grant should be selected.
5 Timing advance
5.1 TA granularity
For CA with multiple numerologies, basically there are two ways for a UE to perform timing advance on multiple carriers. The first is to configure carriers with different numerologies into different TAGs, the second is to configure carriers with different numerologies within one TAG. Since for SUL it has already agreed that SUL and UL with different numerologies are in the same TAG, it is nature that carriers with different numerologies can be configured in the same TAG in CA in some cases.
Carriers with different numerologies have different requirements on TA accuracy and maximum TA value. One solution is to use a pre-determined principle to decide the TA parameters. A relevant recent RAN1 agreement is when UL and SUL have different numerologies, the TA granularity follows smaller SCS. However, if we extend this agreement to 2-numerology CA without SUL, there might be some problems. The TA accuracy requirement may not always be satisfied if the TA granularity for small SCS such as 15kHz. That is to say, some combinations may hard to be supported in the same TAG. To address this problem, we should evaluate numerology combination and find out whether there should be some proper limitations on the combinations of numerology within a TAG. Another solution is to use additional field in MAC-CE to explicitly indicate the used TA granularity in RRC connected mode.

Proposal 5: Carriers with different numerologies can be configured in the same TAG. Numerology combinations within one TAG can be further evaluated.
5.2 TA offset definition
TA offset value

In LTE, when a secondary TAG contains both TDD and FDD serving cells,  TA offset is exploited in all the carriers. The exact value of TA offset is defined as 624Ts, about 20us. The main purpose of TA offset is to ensure that both UE and base station have enough time to change the transmission direction based on hardware capability. The exact TA offset value is currently defined as 
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 in 38.213. It can be seen that for 15kHz CC the TA offset is the same as LTE and for other numerology the TA offset is inversely scaled with SCS. As a result, the TA offset is about 5us and 2.5us for 60kHz SCS carrier and 120kHz SCS carrier, respectively. This time is very limited and it is very difficult for both base station and UE to implement. In RAN4’s discussion, about 13us and 7us TA offset has been agreed by some companies for below 6G and above 6G, respectively. Moreover, the transition time for a UE might be less irrelevant with numerology if multiple CCs are configured.
Proposal 6: The current exact TA offset values should be re-defined in NR TS according to RAN4’s agreements.
TA offset for TDD+FDD CA
Another problem is how to define the TA offset in a TAG with both FDD and TDD carriers. In both LTE and the latest NR TS, for the same UE, the slot boundary in all the carriers within the same TAG  are synchronized. 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 624 Ts around 0.52us. However in NR, as discussed above, different carriers may correspond to different TA offset values. For example, there are 3 SCells in the same TAG, named SCell1, SCell2 and Scell3, where SCell1 is on FDD mode while SCell 2 and SCell3 are on TDD mode. Suppose 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 all the SCells. 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. For the detailed impact on the latest TS, please refer to [8].
Proposal 7: 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 the carriers within the TAG.
5.3 SRS switching among CCs
5.3.1 Background
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. Please refer to [9] and [10] for details.

Observation 1:  SRS switching should consider new features including SUL, short PUCCH and multiple numerologies in NR.
6 Conclusion

The following observations and proposals on NR carrier aggregation are made:
Proposal 1: PDSCH occasion set of a serving cell for HARQ-ACK determination should be the PDSCH occasion set of the active DL BWP. For BWP switching, the active DL BWP is the DL BWP before switching.
Proposal 2: The K1 set used to determine the HARQ-ACK codebook should be dependent on the configured DCI formats scheduling PDSCH in a serving cell,

· If PDSCH of a serving cell can only be scheduled by DCI format 1_0, the HARQ-ACK determination is based on a set of K1 timing values provided by the K1 timing values {1, 2, 3, 4, 5, 6, 7, 8}.
· If PDSCH of a serving cell can only be scheduled by DCI format 1_1, the HARQ-ACK determination is based on a set of K1 timing values provided by the K1 timing values configured by RRC signaling.

· If PDSCH of a serving cell can be scheduled by DCI format 1_0 and DCI format 1_1, the HARQ-ACK determination is based a set of K1 timing values provided by the union of the K1 timing values {1, 2, 3, 4, 5, 6, 7, 8} for scheduling with DCI format 1_0 and the K1 timing values configured by RRC signaling for scheduling with DCI format 1_1.
Proposal 3: The pdsch-symbolAllocation table used to determine the HARQ-ACK codebook should be dependent on the configured DCI formats scheduling PDSCH in a serving cell,

· If PDSCH of a serving cell can only be scheduled by DCI format 1_1, the HARQ-ACK determination is based on the pdsch-symbolAllocation table configured by RRC signalling.
· If PDSCH of a serving cell can only be scheduled by DCI format 1_0, the HARQ-ACK determination is based on a pre-defined pdsch-symbolAllocation table for DCI format 1_0.
· If PDSCH of a serving cell can be scheduled by DCI format 1_0 and DCI format 1_1, the HARQ-ACK determination is based the pdsch-symbolAllocation table configured by RRC signaling for DCI format 1_1 and a pre-defined pdsch-symbolAllocation table for DCI format 1_0.

Proposal 4: For NR CA, the UE should select the UCI-carrying-PUSCH first from the carrier-domain and then from the time domain. If the PUCCH is overlapped with multiple PUSCH in time domain, the PUSCH with earlier UL grant should be selected.
Proposal 5: Carriers with different numerologies can be configured in the same TAG. Numerology combinations within one TAG can be further evaluated.

Proposal 6: The current exact TA offset values should be re-defined in NR TS according to RAN4’s agreements.

Proposal 7: 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 the carriers within the TAG.

Observation 1:  SRS switching should consider new features including SUL, short PUCCH and multiple numerologies in NR.
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