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1 Introduction
In RAN1 Adhoc #3, big progress has been made on QCL with the following agreements. In this paper, we further give our view on the remaining details of QCL configurations. 

Agreement:
· The source and target RSs of a QCL configuration can be in the same CC or in different CCs by configuration
· Above is supported at least for CCs with same numerology in the same band from UE perspective
· FFS: Whether all or part of QCL parameters are derived from the reference CC
· FFS: Specification details on restriction on using this configuration (e.g.: based on UE capability, UE report)

Agreement:
[bookmark: _Hlk493580546]RS combinations holding QCL assumptions:
· Before RRC configuration of TRS and CSI-RS for both below and above 6GHz
· SSB  DMRS for PDSCH w.r.t Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz)
· FFS whether restriction on PDSCH scheduling
· SSB  DMRS for PDCCH w.r.t Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz)
· After RRC configuration of TRS and CSI-RS for below 6 GHz for single TRP
· SSB (can be from a different CC) + TRS + CSI-RS for CSI acquisition + DMRS for PDSCH
· SSB  TRS: [Doppler shift, average delay]
· Type A: 
· TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread, average delay, delay spread
· [bookmark: _Hlk493579818]TRS/CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
· FFS: Type B: 
· TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread
· CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
· Study whether the widebeam TRS can be QCLed referenced for a narrow beam CSI-RS
· Study whether widebeam CSI-RS can be QCLed with a narrow beam DMRS
· After RRC for above 6 GHz
· RS combinations holding QCL assumptions TBD.

2 Further details on cross-CC QCL 
Cross CC QCL configuration was agreed to support deriving the QCL from one CC and apply to another CC. The agreement so far allows cross-CC CQL on same numerology and the same band. The main reason was that inter-band CC may come from different RFs thus it’s not feasible to infer the channel from one CC to another. However, it’s not necessary always true for the following reasons: 
1. Some bands (since NR band is not defined yet, let’s use some LTE bands for argument) has overlapped frequency. For example, B4 (AWS-1) and B66 (AWS-3) are overlapped from frequency 2110-2155, see below figure. The reason was that some frequency become available to wireless system after B4 is defined. In fact, it’s common that many bands are defined in overlapped frequency ranges, take frequency range 2110-2200MHz as example, B10, B70 and B1 (DL), B23 (DL), B65 (DL) has some overlaps in that range. For the overlapped frequency range, LTE product already utilize a single RF to cover different bands. E.g. LTE eNB supporting B66 already use one single RF to cover both B4 and B66. Therefore, inter-band cross CC QCL is possible in such case. 
2. The bandwidth of the RF is a feature very much depending on the implementation. Usually the RF, especially the RF of base-station, is much powerful than that of UE. Thus, it is quite often designed to cover large frequency range. Some initial product of NR base-station already has RF bandwidth cover up to 1.2GHz. Although it’s depending on the definition of NR bands, such wide RF bandwidth means it’s likely that different bands may be covered by a single RF with a powerful base-station. 
Overall speaking, there are several cases leading to a single RF covering different bands, of course, the detailed band combinations should be decided by RAN4. In any case, RAN1 should support cross CC QCL between inter-band CCs. 

Proposal-1: RAN1 should support configuring QCL between the RS pair from any CCs. The applicability of intra/inter-band cross-CC QCL should be decided by RAN4. 
Proposal-2: Once configured, network is responsible to guarantee the validation of the cross-CC QCL parameters. 

B4
B66
2110 MHz
2155 MHz
2200 MHz

Figure.1 frequency range of Band 4 and Band 66.


Furthermore, the agreement from last meeting restrict the cross CC QCL applicable to the CCs with same numerology as well. In fact, even in the same CC, different RS may have different numerologies. A typical example is the LTE-NR co-existence, SSB needs to operate on 30KHz while PDSCH/PDCCH DMRS is operating on 15KHz. And following the agreement from last meeting, before RRC configuration, UE can assume SSB QCLed with the DMRS of PDCCH/PDSCH. In general, QCL assumption is about the channel parameters inferred from one RS can be assumed as the same on the channel from another RS. Although RS with different numerology may result in different channel estimations accuracy, as far as two RSs go through the same channel, the QCL assumption should be agonistic to the numerology of the RS. The QCL agreement in previous meeting already covers intra-CC RS with different numerologies, following the same logic, intra-CC QCL should be supported between RSs with different numerologies. Thus, we have the below proposal:

Proposal-3: RAN1 should support QCL configuration between RSs transmitting on different numerology (intra-CC or cross-CC)

3 On the QCL configuration for above 6GHz. 
The agreements from RAN1 Adhoc#3 has extensively covered the QCL configuration (after RRC) on below 6GHz case but not too much progress on the above 6GHz case. It’s still unclear about the feasibility of the QCL configuration for a RS with wider beam or narrow beam. And if it’s feasible, which of the QCL parameter is applicable. While it’s a valid technical discussion, it should be an optimization feature. The SSB beam sweeping is introduced to extend NR coverage to overcome the pathloss increase in mmWave. Similarly, TRS and CSI-RS should be on the same beam as SSB, with that saying, the most common use case is the same beamwidth for SSB, TRS, CSI-RS and PDCCH/PDSCH DMRS. In such case, the following QCL configuration should be supported for above 6GHz deployment: 

Proposal-4: After RRC configuration of TRS and CSI-RS for above 6 GHz for single TRP, the following QCL can be configured to UE:
· SSB (can be from a different CC) + TRS + CSI-RS for CSI acquisition + DMRS for PDSCH
· SSB  TRS: [Doppler shift, average delay]
· Type A: 
· TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread, average delay, delay spread
· TRS/CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
· FFS: Type B: 
· TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread
· CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 

4 Conclusion
In this contribution, we give our view on the remaining details of QCL configuration with the following proposals:

Proposal-1: RAN1 should support configuring QCL between the RS pair from any CCs. The applicability of intra/inter-band cross-CC QCL should be decided by RAN4. 
Proposal-2: Once configured, network is responsible to guarantee the validation of the cross-CC QCL parameters. 
Proposal-3: RAN1 should support QCL configuration between RSs transmitting on different numerology (intra-CC or cross-CC)
Proposal-4: After RRC configuration of TRS and CSI-RS for above 6 GHz for single TRP, the following QCL can be configured to UE:
· SSB (can be from a different CC) + TRS + CSI-RS for CSI acquisition + DMRS for PDSCH
· SSB  TRS: [Doppler shift, average delay]
· Type A: 
· TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread, average delay, delay spread
· TRS/CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
· FFS: Type B: 
· TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread
· CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
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