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1 Introduction
At the RAN1#87 meeting, the following was agreed with regard to CA and DC [1]:

	Agreement:
· For phase 1, carrier aggregation/dual connectivity operation within NR carriers over e.g. around 1GHz contiguous and non- contiguous spectrum from both NW and UE perspectives is supported

· [4 - 32] should be assumed for further study of the maximum number of NR carriers

· RAN1 will try to decide the exact number in this week

· Cross-carrier scheduling and joint UCI feedback are supported

· Per-carrier TB mapping is supported

· FFS TB mapping across multiple carriers


At the RAN1#88 meeting, the following agreements were made regarding the maximum number of NR carriers for CA and DC [2]:

	Agreement:
· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is 16

· Note that 32 is considered from RAN2 specification perspective

· The number of NR CCs in any aggregation is independently configured for downlink and uplink 

· NR channel designs should consider potential future extension of the above parameters in later releases, allowing Rel-15 UE to have access to NR network on the same frequency band in later releases


In this contribution, we discuss the potential difference between NR and LTE for carrier aggregation (CA), with focus on the scheduling perspective. 
2. Discussion
2.1 Transport block mapping
With CA, a single data stream needs at some point, e.g. a the PHY or MAC layer, to be divided across different component carriers. Two options can be considered, either one TB per CC or across multiple CCs. As discussed in LTE, one TB per CC maintains the physical design for each CC and allows for link adaptation on a per CC basis, which becomes increasingly important for NR with the support of wider system bandwidth and for CCs located in vastly different parts of the spectrum. In addition, substantially large transport block resulting from a single TB across multiple NR CCs is likely not efficient from a HARQ protocol point of view. Hence, it is preferred to focus the NR design framework on one TB per CC for future work. 
Proposal 1: Focus on one TB per CC mapping for NR CA design.  

2.2  Scheduling aspects
The frequency to be aggregated in NR CA may span across very different bands, i.e., below 6 GHz up to 52.6 GHz. Unlike LTE carriers, it is possible that different physical layer numerologies, e.g., subcarrier spacing and hence symbol and slot duration, are operated on different NR CCs due to different propagation characteristics and available bandwidth in different bands. The support of CA with CCs using different numerologies has been discussed and concluded to be supported for NR in order to maximize the availability of wider bandwidth of NR through CA and hence increase the peak data rate. One functionality that can be potentially affected by using different numerologies across CCs is 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 time domain within a reference slot posing control timing issues. 

The lack of cross-carrier scheduling for NR CA with different numerologies would pose a serious restriction for the case of heterogeneous network deployments. Note that the DL control channel in NR is front loaded within the first several symbols to reduce latency and cross-carrier scheduling becomes an important tool for providing inter-cell interference coordination for control channels. While aggregation of CCs with different numerologies offers desirable flexibility in operating the NR system, not providing cross-carrier scheduling for this type of aggregation would imply some sort of stepping down from the LTE CA functionality and may degrade the peak data rate for some UEs.  

Proposal 2: Support cross-carrier scheduling for aggregated CCs with same and different numerologies.   
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 eNB to apply cross-carrier scheduling while avoiding extra signaling overhead. Therefore, we propose:
Proposal 3: The 3-bit CIF is maintained for cross-carrier scheduling of NR CA.

Proposal 4: The mapping between a scheduled CC and the corresponding CIF value is configured by higher layers for each scheduling CC.   
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. 
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.     
For the case of the scheduling CC with larger subcarrier spacing, as illustrated in FIG.1(b), UL/DL scheduling of the scheduled CC 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. 

	
[image: image1]
Figure 1: An example of the DL/UL control timeline for aggregated CCs with different numerologies


3. Conclusions
In this contribution, we share our views on scheduling design aspects for NR CA. Based on the discussion, the following is proposed:  
Proposal 1: Focus on one TB per CC mapping for NR CA design.  

Proposal 2: Support cross-carrier scheduling for aggregated CCs with same and different numerologies.   
Proposal 3: The 3-bit CIF is maintained for cross-carrier scheduling of NR CA.

Proposal 4: The mapping between a scheduled CC and the corresponding CIF value is configured by higher layers for each scheduling CC.   
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