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Introduction
[bookmark: _GoBack]In RAN1#89, the following agreements were reached related to on Scheduling and UCI Handling in Carrier Aggregation [1]:
· 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 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)

After the RAN1 adhoc #2 meeting the following was agreed:
• 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.
• For multiple timing advance groups
· LTE timing difference requirement can be used as a starting point
· FFS factors related to this requirement.
· Support PRACH transmission for timing advance acquisition on SCC
• NR Supports 2 cell groups for PUCCH for NR DC
· FFS: NR supports 2 cell groups for PUCCH for NR CA
• HARQ-ACK transmission related to multiple DL component carriers is supported for DL component carriers operating with the same and different numerology
· The time granularity of a HARQ-ACK transmission, indicated in the DCI scheduling the PDSCH, is based on the numerology of PUCCH transmission.
[bookmark: _Ref178064866]Discussion
The PUCCH in one cell group can be configured on any UL carrier within the cell group. This to allow aggregation of low band together with high band wherein the HARQ feedback from the DL in a higher band goes on lower band. It is noted that the opposite should be allowed as well from the signalling. So no strict limitations should be introduced in terms of what is signalled and whether to deploy in certain way becomes a network deployment questions.
Proposal
· An PUCCH in a cell group can be configured on any UL carrier within the cell group

In NR HARQ feedback timing can be indicated in the DL assignment, e.g. as a slot offset to the slot containing PDSCH. The timing offset should be expressed in terms of the numerology used by the PUCCH transmission. The slot offset indicates HARQ feedback should be transmitted k slot intervals (measured in PUCCH numerology) after the current slot interval n. Since PDSCH and PUCCH slot intervals can be different “current” slot needs to be clarified. Figure 1 shows the case that slot interval in PUCCH numerology is longer than PDSCH slot interval. The opposite case, i.e. PUCCH slot interval is shorter than PDSCH slot interval, is shown in Figure 2. Here the current slot refers to the last PUCCH slot interval overlapping PDSCH slot interval (HARQ feedback cannot be transmitted before the DL transmission ends, therefore it makes sense to define the last overlapping PUCCH slot interval as current slot interval).
Proposal
· The HARQ timing indication signaled in the DCI is expressed in terms of PUCCH numerology
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Figure 1: Definition of “current” slot interval n when HARQ feedback should be transmitted in slot interval .  Slot interval of PUCCH numerology is longer than slot interval of PDSCH numerology.
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Figure 2: Definition of “current” slot interval n when HARQ feedback should be transmitted in slot interval .  Slot interval of PUCCH numerology is shorter than slot interval of PDSCH numerology.
An additional aspect to consider is whether a single HARQ processes can be moved across component carriers or not. It can be noted that this aspect has been discussed for LTE and not introduced there. There are multiple aspects to consider for this topic. Firstly, how to address the HARQ processes on L1 and the MAC handling for this. The specific gains for the feature in itself is at the same time not directly clear, although increased frequency diversity gains could potentially be achieved. It is noted further that if the feature is not supported on L1 and MAC it will be supported on RLC level. It is therefore proposed to define the number of HARQ processes per carrier and not support pooling of HARQ processes across carriers. In companion contribution [5] we propose the number of HARQ processes to be 8, in a carrier aggregation scenario with N aggregated DL carriers the number of HARQ process is thus .
Proposal
· HARQ pooling across carriers is not supported.

HARQ feedback for DL carriers configured with different numerologies can be included in the same HARQ codebook. In LTE feCA a concept based on total and counter DAI has been introduced to increase reliability of a HARQ codebook with fast size adaptation. In [6] we propose to specify fast HARQ codebook adaptation for NR. As starting point for the design of NR HARQ codebook with fast adaption the LTE feCA design can be used. One difference between NR and LTE is that different carriers can have different slot intervals. In LTE PDCCH across all carriers are transmitted time aligned. If in a subframe multiple PDCCH are transmitted all of them contain the same total DAI value and thus redundancy is provided if UE misses some PDCCH. In NR the aggregated carriers can have different slot intervals. Figure 3 shows the case where multiple DL carriers with different slot intervals are aggregated. A PDCCH transmitted on carrier 3 in the last slot interval (of carrier 3) has no or lower redundancy, depending on how many PDCCH are actually scheduled at the last PDCCH opportunity. 
[image: ]
Figure 3: Carrier aggregation across carriers with different slot intervals.   
Proposal
· HARQ feedback from carriers with 15, 30, 60, and 120 kHz can be multiplexed into the same HARQ codebook.
Conclusion
In this contribution, we discuss CA handling for scheduling and feedback based on the discussion we propose the following: 
Proposal 1
· An PUCCH in a cell group can be configured on any UL carrier within the cell group

Proposal 2
· The HARQ timing indication signaled in the DCI is expressed in terms of PUCCH numerology

Proposal 3
· HARQ pooling across carriers is not supported.

Proposal 4
· HARQ feedback from carriers with 15, 30, 60, and 120 kHz can be multiplexed into the same HARQ codebook.
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