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1 Introduction
An email discussion took place following RAN1#89 on the topic of scheduling and HARQ operations for NR carrier aggregation (CA). The following was agreed based on the views expressed by different companies on the RAN1 email reflector [1]:
	Agreements: 

· 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
Working assumption 
•      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.


In this contribution, we present our views on the open issues for efficiently support of carrier aggregation for NR

2. Discussion
2.1 Scheduling aspects

2.1.1 Downlink control information

The introduction of carrier aggregation may affect DCI design. For the self scheduling case, the DCI information for each CC is expected to be identical to the single CC case.  
In the case of cross-carrier scheduling, LTE supports a 3-bit Carrier Indicator Field (CIF) as part of the DCI formats to enable cross-carrier scheduling for up to 8 CCs to be scheduled by a single CC. The mapping between the CIF value and the list of scheduled CCs is configured via higher layer signalling on a per scheduling cell basis. This CIF design can be simply reused for the NR CA framework with aggregating up to 8 CCs into a group for cross-carrier scheduling. In our view, in most practical cases a 3-bit CIF provides sufficient flexibility to allow gNB to apply cross-carrier scheduling while avoiding extra signaling overhead. Therefore, we propose:

Proposal 1: 
· The 3-bit CIF is maintained for cross-carrier scheduling of NR CA.

· The mapping between a scheduled CC and the corresponding CIF value is configured by higher layers for each scheduling CC.   

2.1.2 Cross-carrier scheduling timing 
Depending on whether the scheduling CC has larger or smaller subcarrier spacing compared to other cross-carrier scheduled CCs, certain issues need to be considered.
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Figure 1: An example of the DL/UL control timeline for aggregated CCs with different numerologies


When the scheduling CC has smaller subcarrier spacing, as shown in FIG. 1(a), DL/UL scheduling of the scheduled CCs may be impacted. The reason is the lack of NR PDCCH instances to schedule transmissions on the other CCs. One straightforward solution is to enable cross-slot scheduling with possibly more than one DL slots. In particular, slots with larger subcarrier spacing may be indexed within the slot duration of the scheduling cell. As shown in FIG. 1(a), slot 0 of the scheduling CC cross-schedules DL slots 0, 1, 2, 3 of the SCell.     
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Figure 2: Cross-carrier PDSCH grant timing for NR CA with different numerologies
For the case of the scheduling CC with larger subcarrier spacing, as illustrated in FIG.1(b), UL/DL scheduling of the scheduled CCs is not impacted. The control timeline of NR PDCCH and the utilization of specific DCI formats can follow the numerology of the scheduled CCs. Hence, cross-carrier and cross-numerology scheduling of a UE and self-scheduling with the same numerology on the scheduled SCC are time aligned. 
For NR, the timing relationship between PDSCH and corresponding DCI format can be dynamically indicated as part of L1 signaling from the set of values configured by higher layers. This scheduling mechanism can be common regardless of the use of self-scheduling or cross-carrier scheduling. As shown in FIG.2, The DCI format in the first slot can be used to schedule the PDSCH transmissions in the second slot on the scheduled CC by properly setting the K0 values in the DCI format. 
Proposal 2: 
· The timing between data and the corresponding DCI format can be dynamically indicated by the DCI format from the set of vaues configured by higher layers. 
·  FFS: K0 values based on the numerology of the scheduling CC or scheduled CC in the case of cross-carrier scheduling. 

2.2 UCI feedback

2.2.1 PUCCH Cell 
Given the commonalities between NR CA and LTE CA, the framework of PUCCH cells in NR should be implemented by reusing the concepts of LTE CA as much as possible to avoid unnecessary standardization efforts.  
In LTE, a UE can be configured to transmit the UCI on a PUCCH SCell in addition to the PCell with the motivation of PUCCH offloading PCell. More specifically, CCs are grouped into a primary and secondary PUCCH group, where the PCell is used to carry UCI of PCell and SCells within the primary PUCCH group and PUCCH SCell is used to carry UCI of SCells within the secondary PUCCH group. The PUCCH SCell can be selected from the SCells by network, which provides enough flexibility to the eNB scheduler to select in principle any arbitray SCell based on, e.g., SCell freqeuency, loading status, etc. For NR, the numerology of SCells can be further considered for PUCCH SCell selection. We believe the existing PUCCH cell configuration defined for LTE CA gives the required flexibility for PUCCH cell selection and can be fully reused for NR CA design. 

Further, the number of PUCCH cells needs to be discussed. It is worth noting that PUCCH SCell is designed for PUCCH offloading purposes. The support of one PUCCH SCell should be reasonably sufficient to achieve this design target since it provides the necessary CC management for PUCCH offloading. The support of more than two PUCCH Cells may not be necessary. It is also noted that power efficiency can be maximized when all PUCCH resources are concentrated onto up to two CCs. The support of more than two PUCCH cells may result in higher power consumption and create more implementation issues due to inter-modulation products. As a result, it is preferable to support dual PUCCH cells for NR CA.  
Proposal 3: 
· Reuse the PUCCH Cell framework in LTE CA for NR. 
2.2.2 HARQ-ACK timing

To enable the operation of different numerologies on aggregated CCs, a cross-numerology HARQ-ACK feedback mechanism needs to be specified for the case that PDSCH on SCell and HARQ-ACK feedback on PCell or PUCCH SCell are configured with different numerologies or slot durations. In particular, the HARQ-ACK timing between PDSCH transmission and HARQ-ACK feedback needs to be defined. 
Figure 3 illustrates two scenarios for potential HARQ-ACK feedback timing on PCell or PUCCH SCell for CCs with different numerologies. In particular, depending on whether SCell has larger or smaller subcarrier spacing than PCell or PUCCH SCell, additional timing indication needs to be signalled in the DCI scheduling the DL data transmission. For instance, for scenario a) in Figure 3, the timing indication of the PUCCH resource (i.e., K1 values) in DCI can is signalled according to the slot duration PUCCH SCell which is preknown by UE. 
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Figure 3: HARQ-ACK timing for aggregated CCs with different numerologies

Proposal 4: 

· Confirm the working assumption that the time granularity of a HARQ-ACK transmission indicated in the DCI scheduling the PDSCH is based on the numerology of PUCCH transmission.
2.2.3 HARQ-ACK codebook design

In LTE eCA, both semi-static and dynamic HARQ-ACK codebook determination rules were supported. For the semi-static HARQ-ACK codebook scheme, UE determines the HARQ-ACK codebook size according to the number of configured CCs and the size of the HARQ-ACK bundling window. To further reduce the HARQ-ACK bit number associated with non-scheduled serving cells or subframes, a dynamic HARQ-ACK codebook was additionally defined, where a 2-bit counter DAI (C-DAI) and a 2-bit total DAI (T-DAI) are included in the DCIs that schedule DL data transmission. In particular, C-DAI is incremented in a frequency-first-time-second manner on the scheduled CC, while T-DAI indicates the number of serving cells up to the present subframe. 

Given NR CA supports up to 16 CCs, from RAN1 design perspective the motivation of the dynamic HARQ-ACK codebook determination approach still holds and therefore should be supported. Particularly, in order to minimize the HARQ-ACK payload for CCs with different numrologies or different slot durations, the way to define the relevant DAI fields, i.e., C-DAI and T-DAI, needs to be further discussed.    
Proposal 5: 
· NR CA supports both semi-static and dynamic HARQ-ACK codebook determination mechanisms.
·  FFS on the details of DAI field definitions
2.3 Support of possible numerology combinations

Self scheduling

NR supports scalable numerologies with subcarrier spacing from 15kHz to 480kHz. We do not see a need of restriction on the numberology combination or number of aggregated numerologies for the self-scheduling case from a CA framework perspective. This approach can reduce the core specification impact substantially and enable a network which best utilizes the available resources.

Proposal 6: 
· No restriction on the numerology combinations for the self-scheduling case is imposed to avoid impact on core specifications. 
Cross-carrier scheduling 

The major difficulty in supporting cross-carrier scheduling when aggregating CCs of different numerologies is that there may be different number of UL and DL slots, which may be placed on different positions in the time domain within a reference slot, posing control timing issues. 

Aggregating CCs with certain numerologies is especially challenging, especially when the scheduled CC and scheduling CC have very different subcarrier spacing, e.g., 480 kHz and 15 kHz. As PDCCH needs to convey information about the slot index on the scheduled CC with 480 kHz, cross-carrier scheduling for this case may require multiple bits and could result in significant control overehead (e.g., up to 32 bits). 
Since the number of the challenging aggregations for cross-carrier scheduling is limited and special rules can be defined to handle the signalling overhead problem, we think that disabling those aggregation cases would not impact the overall system flexibility and would simplify the specification and implement efforts.   
Proposal 7: 
· Restriction on the numerology combinations for cross-carrier scheduling operation can be further considered to minimize the control signaling overhead. 
3. Conclusions
In this contribution, we discuss the remaining issues to support of CA for NR system and propose the following based on the discussion: 
Proposal 1: 
· The 3-bit CIF is maintained for cross-carrier scheduling of NR CA.

· The mapping between a scheduled CC and the corresponding CIF value is configured by higher layers for each scheduling CC.   
Proposal 2: 
· The timing between data and the corresponding DCI format can be dynamically indicated by the DCI format from the set of vaues configured by higher layers. 
·  FFS: K0 values based on the numerology of the scheduling CC or scheduled CC in the case of cross-carrier scheduling. 
Proposal 3: 
· Reuse the PUCCH Cell framework in LTE CA for NR. 
Proposal 4: 

· Confirm the working assumption that the time granularity of a HARQ-ACK transmission indicated in the DCI scheduling the PDSCH is based on the numerology of PUCCH transmission.

Proposal 5: 
· NR CA supports both semi-static and dynamic HARQ-ACK codebook determination mechanisms.
Proposal 6: 
· No restriction on the numerology combinations for the self-scheduling case is imposed to avoid impact on core specifications. 
·  FFS on the details of DAI field definitions
Proposal 7: 

· Restriction on the numerology combinations for cross-carrier scheduling operation can be further considered to minimize the control signaling overhead. 
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