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Introduction
In NR RAN1 meeting, the following agreement on carrier aggregation (CA) and spatial QCL assumption was made [1][2][3]:
	Agreements (RAN1#75):
· Dual Connectivity between E-UTRA and NR, for which the priority is where E-UTRA is the master and the second priority is where NR is the master, and Dual Connectivity within NR, including:
· Standardizing bearer types recommended in TR 38.804 [RAN2];
· Necessary physical layer mechanisms including UL power control [RAN1];
· Identify band combinations and corresponding requirements [RAN4].
· Carrier Aggregation within NR, for which the priority is the functionality of PSCell and SCell [RAN1, RAN2, RAN4];

Agreements (RAN1#88):
· Indication of QCL assumption associated with subset of QCL parameters between the antenna ports of two RS resources is supported based on following alternatives, and RAN1 will down select it
· Alt. 1: Which of the subset of QCL parameters are configured by gNB 
· Alt. 2: Which of QCL type is configured by gNB where multiple QCL types are pre-defined 
· Alt. 3: QCL types are pre-defined 
· By default (i.e., the UE is not indicated), antenna port(s) transmitted on different CCs can't be assumed to be QCL-ed
· FFS the case of spatial domain QCL assumptions especially related to carrier frequency
Agreements (RAN1 NR AH#2):
· For QCL, NR supports
· At least one or two DM-RS antenna port groups per PDSCH 
· FFS other number of groups
· QCL assumption across carriers and bandwidth parts for DL  
· FFS details for indication, the applicable RS(s), the applicable QCL parameters, and configurability 
· FFS whether or not to have UE assisted management




In this contribution, we discuss cross-carrier beam management, including necessity and possible options of the cross-carrier beam management.
1 
2 
Necessity of cross-carrier beam management 
In NR, it is expected that supporting CA is an essential feature to facilitate downlink and uplink transmission over different channel bandwidths. NR should support flexible CA framework which includes aggregation of CCs in same band (intra-band CA) and CCs in different bands (inter-band CA). Fig.1 shows three cases of CA which includes contiguous intra-band CA, non-contiguous intra-band CA, and inter-band CA. For CCs within intra-band CA, both single RF and multiple RF can be implemented for a device (e.g. UE) [4]. In general, single RF is implemented to support transmission and reception of CCs within intra-band CA [5]. From the perspective of UE, the implementation of single RF for supporting intra-band CA can reduce UE’s complexity and cost. For the frequency bands above 6GHz, a RF can form only one analog beam at a time. Therefore, same analog beam should be applied over CCs when single RF is supported for intra-band CA. In this case, it may be beneficial to apply cross-carrier beam management where spatial QCL is assumed between antenna ports in different CCs. Moreover, the cross-carrier beam management enables to avoid individual beam management over CCs, so that resource overhead required for RS transmission and beam reporting during beam management procedure can be reduced. 
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Figure 1. Three cases of carrier aggregation

When different CCs are close to each other and transmitted by the same RF, the spatial channel property across CCs could be similar. In this case, common beam can be used for the CCs, since the selected beams of the CCs are same or similar. Therefore, beam management procedure for the CCs can be simplified and performed only on one CC. Then, the selected beam of one CC can be reused for the other CCs by assuming spatial QCL between antenna ports of CCs.
Proposal 1: For intra-band CA, NR supports cross-carrier beam management which assumes spatial QCL between antenna ports in different CCs.
For overall CA framework including intra-band CA and inter-band CA, NR should basically support independent beam management for each of CCs where spatial QCL is not assumed between antenna ports in different CCs. Although gNB or UE has single RF for intra-band CA, gNB can acquire each preferred beams from the CCs and select common beam for transmission and reception of the CCs within intra-band CA. When gNB chooses either cross-carrier beam management or independent beam management for intra-band CA, the gNB should consider whether gNB and UE support only single RF or not for intra-band CA. As mentioned above, the RF implementation type of a device affects capability of simultaneous beamforming across intra-band CCs which should be taken into account by gNB before choosing beam management option for intra-band CA. Therefore, UE should report its capability of simultaneous beamforming across intra-band CCs which can be included in UE capability information.
Proposal 2: UE should report its capability of simultaneous beamforming across intra-band CCs.
Possible options for beam management of intra-band CA
For intra-band CA, both cross-carrier beam management and independent beam management could be available. Moreover, there are some alternatives to support cross-carrier beam management. In the following, possible options for beam management for intra-band CA are discussed.
Option 1: Only one CC performs beam management
In option 1, only one CC within intra-band performs beam management. This option simplifies beam management procedure for intra-band CA and reduces resource overhead caused by individual beam management for all CCs. A CC performing beam management could be the primary CC which is always activated for transmission and reception. In this case, although secondary CCs are deactivated, the selected beams from primary CC still can be utilized. The other alternative is that gNB assigns a specific CC for beam management. This alternative could reduce feedback overhead of primary CC caused by beam management (e.g. beam reporting), where there is already plenty of feedback overhead in primary CC in LTE.
Option 2: All CCs perform wideband beam management
In option 2, all CCs jointly perform wideband beam management where wideband RS across whole CCs is transmitted and measured for beam management. In this option, the wideband beam management may be re-performed whenever configured CCs for intra-band CA are changed, e.g. some secondary CCs are deactivated.
Option 3: Each of CCs performs independent beam management
In option 3, each of CCs within intra-band performs independent beam management, so gNB acquires the preferred beams from the CCs. This option is basically utilized when both gNB and UE have multiple RFs for intra-band CA. It also could be applied for single RF case where gNB compares the beams from each of CCs and selects a common beam across the CCs. However, this option increases resource overhead as the number of CCs increases, since it requires individual beam managements for all CCs. Fig.2 shows the possible options for beam management of intra-band CA.
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Figure 2. Possible options for beam management of intra-band CA

Proposal 3: For beam management of intra-band CA, NR supports one or more options of the following:
· Option 1: Only one CC performs beam management
· Option 2: All CCs perform wideband beam management
· Option 3: Each of CCs performs independent beam management

Conclusions
In this contribution, Samsung’s view on cross-carrier beam management. The following proposals are made:
Proposal 1: For intra-band CA, NR supports cross-carrier beam management which assumes spatial QCL between antenna ports in different CCs.
Proposal 2: UE should report its capability of simultaneous beamforming across intra-band CCs.
Proposal 3: For beam management of intra-band CA, NR supports one or more options of the following:
· Option 1: Only one CC performs beam management
· Option 2: All CCs perform wideband beam management
· Option 3: Each of CCs performs independent beam management
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