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1 Introduction

It was agreed on NR carrier aggregation that
RAN1 #89 Agreements:
· 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)

· Support joint UCI feedback for aggregated carriers with the same or different numerology. 

· FFS: the timing relationship between PDSCH and the corresponding HARQ-ACK 

· FFS: impact on maximum number of HARQ process 

· FFS: potential restrictions (e.g., on combination of different numerology)

· Support SRS fast switching among N uplink carriers

· The number of M uplink carriers supported by the UE for simultaneous transmission can be smaller than N

· Note: M can be 1 or larger depending on UE capability

· FFS: potential restrictions (e.g., on combination of different numerology, on combination of different frequency bands)

· Support one PUCCH in one cell group for NR DC/CA

· FFS: The carrier for PUCCH transmission can be configured within one cell group

· FFS: potential restrictions (e.g., on combination of different numerology, on combination of different frequency bands)
RAN1 #88bis Agreements:
· For carrier aggregation, multiple timing-advance groups are supported

· FFS: The number of timing advance groups

In this contribution, we provide input to several issues related to NR carrier aggregation.
2 Discussion

2.1 General functionalities

In LTE carrier aggregation has been extensively discussed. At least the following functionalities are relevant in NR [3]:

· PUCCH group: either primary PUCCH group or a secondary PUCCH group.
· Primary PUCCH group: a group of serving cells including PCell whose PUCCH signalling is associated with the PUCCH on PCell.
· Secondary PUCCH group: a group of SCells whose PUCCH signalling is associated with the PUCCH on the PUCCH SCell.
· PUCCH-SCell: a Secondary Cell configured with PUCCH.
· Component Carrier Types: In the downlink, the carrier corresponding to an SCell is a Downlink Secondary Component Carrier (DL SCC) while in the uplink it is an Uplink Secondary Component Carrier (UL SCC). In the downlink, the carrier corresponding to an SCell is a Downlink Secondary Component Carrier (DL SCC) while in the uplink it is an Uplink Secondary Component Carrier (UL SCC). 
· Primary Timing Advance Group: Timing Advance Group containing the PCell. Primary Timing Advance Group refers also to Timing Advance Group containing the PSCell.
· Secondary Timing Advance Group: Timing Advance Group containing neither the PCell nor PSCell.
Proposal 1: For NR carrier aggregation, agree to introduce PUCCH groups including Primary PUCCH group and Secondary PUCCH group(s), component carrier types including PCC and SCC, and timing advance groups including Primary Timing Advance Group and Secondary Timing Advance Group(s).

On scheduling for LTE carrier aggregation, cross-carrier scheduling with the Carrier Indicator Field (CIF) allows the PDCCH of a serving cell to schedule resources on another serving cell. In addition, a carrier can be scheduled by one and only one carrier, i.e. either the same carrier by self-carrier scheduling or another carrier by cross-carrier scheduling. Common search space exists on PCC while one or multiple PDCCH UE search spaces may exist on PCC/SCC are multiplexed in a PDCCH control region. 
Proposal 2: For NR carrier aggregation, support cross carrier scheduling with the Carrier Indicator Field, a carrier scheduled by one and only one carrier, common search space on PCC, and one or more PDCCH UE search spaces are multiplexed in a PDCCH control region.
2.2 Cross-carrier scheduling
Timing relationship between DCI and the corresponding PDSCH/PUSCH
If cross-carrier scheduling is supported for carriers with the same numerology and same slot duration, the timing relationship between DCI and the scheduled PDSCH/PUSCH can be unchanged compared with self-carrier scheduling. The main reason is that DCI slot duration is the same as the scheduled data slot duration.
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Figure 1. DCI-to-data timing for cross-carrier scheduling when DCI is transmitted in a long slot while data is transmitted in a short slot
If cross-carrier scheduling is supported for carriers with different numerology, the timing relationship between DCI and the scheduled PDSCH/PUSCH may be changed compared with self-carrier scheduling. The main reason is that DCI slot duration is different with the scheduled data slot duration. When the DCI slot duration is shorter than data slot duration, it is expected that for every data slot, there are at least one DCI slot associated. Thus the scheduling timing could be data-slot basis, i.e. the timing is determined as if the DCI is sent from a data slot. When the DCI slot duration is larger than data slot duration, it is expected that there are multiple data slots associated with one DCI slot. Thus the scheduling timing may either be control-slot basis (the timing is determined as if the data is sent from a control slot, as in Figure 1a) or be data-slot basis (Figure 1b).  

A further comparison of DCI-to-data timing solutions is provided in Table 1. We observe that data-slot basis always has a benefit over control-slot basis, in terms of control channel overhead or scheduling delay. 
Table 1. DCI-to-data timing for cross-carrier scheduling with multiple numerologies
	
	
	Control slot basis
	Data slot basis

	DCI in short slot
Data in long slot
	Scheduling delay
	Same
	Same

	
	Timing indication overhead
	Large
	Small

	
	Data scheduling flexibility*
	Every long slot
	Every long slot

	DCI in long slot
Data in short slot
	Scheduling delay
	Large
	Small

	
	Timing indication overhead
	Large
	Large

	
	Data scheduling flexibility*
	Every short slot
	Every short slot


* Data scheduling flexibility ensures that data can be scheduled in every data slot regardless of control slot basis or data slot basis.
Proposal 3: For cross-carrier scheduling for carriers with different numerology, DCI-to-data timing is data-slot basis, i.e. the timing is determined as if the DCI is sent from a data slot.
Maximum number of HARQ Process
For cross-carrier scheduling for carriers with different numerology, there may be an impact on minimum HARQ RTT timing which is related to the timing relationship including DCI-to-data and data-to-ACK timing. If the gNB and UE processing timing is not changed, the minimum HARQ RTT timing is expected to be increased when the DCI/HARQ-ACK slot duration is larger than the data slot duration. 
Observation 1: HARQ RTT may increase if DCI-to-data/data-to-ACK timing increases.
The maximum number of HARQ processes should be equal to the maximum number of HARQ process to achieve maximum UE throughput. If the minimum HARQ RTTI timing increases, there is an implication that there are only a portion of slots to allocate to a given UE, e.g. equal to the maximum number of HARQ processes, during HARQ RTT timeline. Hence there is capacity loss from UE perspective. It shall be noted that this does not necessarily mean there is capacity loss from network perspective since network may schedule different UEs within a given UE HARQ RTT timeline. 
An example of increased HARQ RTT due to increased DCI-to-data/data-to-ACK timing is illustrated in Figure 2, where HARQ RTT for self-carrier scheduling is 16 slots, and 20 slots for cross-carrier scheduling. The consequence is that in a 20-slot RTT, a UE can be scheduled with 16 slots, each corresponding to one HARQ process. Therefore for cross-carrier scheduling for aggregated carriers with the same and different numerology, the maximum number of HARQ processes is the same as that for self-carrier scheduling.
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Figure 2. DL HARQ RTT for cross-carrier scheduling for aggregated carriers with the same and different numerology. HARQ RTT increases when DCI-to-data/data-to-ACK timing increases, which causes some slots in the prolonged HARQ RTT may not be used.
Proposal 4: For cross-carrier scheduling for aggregated carriers with the same and different numerology, the maximum number of HARQ processes is the same as that for self-carrier scheduling.
Potential restrictions on combination of different numerology
Cross-carrier scheduling for carriers with two different numerologies may cause additional complexity than same numerology case, in terms of scheduling timing and HARQ process, as explained above. It is expected that the complexity will further increase if cross carrier scheduling is performed with more numerologies. 
Cross carrier scheduling among carries with more than 2 numerologies may not be necessary. For a UE supporting data transmission from carriers with M (M>=2) numerologies, it can be configured with N (N>=M/2) cross carrier scheduling groups, each corresponding to up to 2 numerologies. Some grouping principles should be investigated in this case, such as each group contains only 1 or 2 least different numerologies. 
One example is that for UE supporting data transmission from carriers with 3 numerologies, i.e. 15 kHz carriers with 1ms slot, 60 kHz carriers with 0.25ms slot, 120 kHz carriers with 0.125ms slot, the UE can be configured with 3 cross carrier scheduling groups each with one numerology, or 2 cross carrier scheduling groups one with {15, 60}kHz carriers and the other with 120 kHz carriers.
Proposal 5: For a UE supporting data transmission from carriers with M (M>=2) numerologies, it can be configured with N (N>=M/2) cross carrier scheduling groups, each corresponding to up to 2 numerologies.

2.3 Joint UCI feedback
Timing relationship between PDSCH and the corresponding HARQ-ACK
Similarly as cross-carrier scheduling, the timing for joint UCI feedback for carriers with multiple numerologies also has two alternatives, data-slot basis and control-slot basis. Given DCI-to-data timing is data-slot basis, it may be helpful to apply the same principle for Data-to-ACK timing for simplicity. 

Proposal 6: For joint UCI feedback for carriers with different numerology, PDSCH-to-HARQ-ACK timing is data-slot basis, i.e. the timing is determined as if the HARQ-ACK is sent from a data slot.
Potential restrictions on combination of different numerology
Justified by similar reasons as cross-carrier scheduling part, it is expected that multiple numerologies can be supported by multiple PUCCH groups each corresponding to carriers with only 1 or 2 least different numerologies.
Proposal 7: For a UE supporting data transmission from carriers with M (M>=2) numerologies, it can be configured with P (P>=M/2) PUCCH groups, each corresponding to up to 2 numerologies. 

Mapping between N cross scheduling carrier groups and P PUCCH cell groups
As abovementioned, for a UE supporting data transmission from carriers with M (M>=2) numerologies, it can be configured with N (N>=M/2) cross carrier scheduling groups, each corresponding to up to 2 numerologies, while it can be configured with P (P>=M/2) PUCCH cell groups, each corresponding to up to 2 numerologies. It would be possible to support flexible mapping from N cross carrier scheduling groups to P PUCCH cell groups, e.g. by network configuration. One use case would be multiple cross carrier scheduling groups associated with one PUCCH cell group, i.e. sharing one PUCCH, as illustrated in Figure 3, to ensure PUCCH coverage.
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Figure 3. Multiple cross carrier scheduling groups associated with one PUCCH cell group
Proposal 8: One or multiple carrier groups with cross carrier scheduling can be associated with one PUCCH group.
2.4 Timing Advance
In LTE multiple TAGs are supported to accommodate different timing alignments across carriers. RACH procedures are defined for PCell and SCell for TA acquisition. RACH on SCell is contention based and PRACH transmission on SCell can be self-carrier triggered or cross-carrier triggered, while RACH response is transmitted on PCell. 

RACH procedures on secondary carrier shall be considered in NR. 
Proposal 9: Support PRACH transmission for timing advance acquisition on secondary carrier. FFS details on RACH procedures for secondary carrier. 
3 Conclusion

The following observations and proposals on NR carrier aggregation are made:

Proposal 1: For NR carrier aggregation, agree to introduce PUCCH groups including Primary PUCCH group and Secondary PUCCH group(s), component carrier types including PCC and SCC, and timing advance groups including Primary Timing Advance Group and Secondary Timing Advance Group(s).
Proposal 2: For NR carrier aggregation, support cross carrier scheduling with the Carrier Indicator Field, a carrier scheduled by one and only one carrier, common search space on PCC, and one or more PDCCH UE search spaces are multiplexed in a PDCCH control region.
Proposal 3: For cross-carrier scheduling for carriers with different numerology, DCI-to-data timing is data-slot basis, i.e. the timing is determined as if the DCI is sent from a data slot.
Observation 1: HARQ RTT may increase if DCI-to-data/data-to-ACK timing increases.
Proposal 4: For cross-carrier scheduling for aggregated carriers with the same and different numerology, the maximum number of HARQ processes is the same as that for self-carrier scheduling.
Proposal 5: For a UE supporting data transmission from carriers with M (M>=2) numerologies, it can be configured with N (N>=M/2) cross carrier scheduling groups, each corresponding to up to 2 numerologies.

Proposal 6: For joint UCI feedback for carriers with different numerology, PDSCH-to-HARQ-ACK timing is data-slot basis, i.e. the timing is determined as if the HARQ-ACK is sent from a data slot.
Proposal 7: For a UE supporting data transmission from carriers with M (M>=2) numerologies, it can be configured with P (P>=M/2) PUCCH groups, each corresponding to up to 2 numerologies. 

Proposal 8: One or multiple carrier groups with cross carrier scheduling can be associated with one PUCCH group.
Proposal 9: Support PRACH transmission for timing advance acquisition on secondary carrier. FFS details on RACH procedures for secondary carrier. 
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