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Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]In RAN1 #90bis meeting, the design on QCL assumption after RRC for above 6 GHz was discussed with following working assumptions [1]:
Working assumption:
· After RRC for above 6 GHz
· [bookmark: _Hlk495483134]SSB  [TRS - if is supported for above 6GHz] w.r.t average delay, Doppler shift, spatial RX parameters
· [bookmark: _Hlk495483078]SSB  CSI-RS for BM w.r.t. [average delay, Doppler shift], spatial RX parameters
· SSB  CSI-RS for CSI w.r.t. [average delay, Doppler shift], spatial RX parameters
· SSB  DMRS for PDCCH (before TRS is configured) w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters
· SSB  DMRS for PDSCH w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters
· CSI-RS for BM  DMRS for PDCCH w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters
· CSI-RS for BM  DMRS for PDSCH w.r.t. [average delay, Doppler shift, delay spread, Doppler spread], spatial RX parameters
· [bookmark: _Hlk495483523]CSI-RS for CSI  DMRS for PDSCH w.r.t. average delay, Doppler shift, delay spread, Doppler spread, [spatial RX parameters]
· CSI-RS for BM  CSI-RS for CSI w.r.t. spatial RX parameters
In this contribution, remaining QCL related issues, e.g., direct QCL assumption for RS pairs, configuration and indication are discussed. 
Potential direct QCL assumption for RSs pairs
For assisting reception and demodulation of data and control information, proper QCL association should be assigned for RSs pairs with consideration on both properties of each RS and RRC state for a target UE. For above 6 GHz due to the usage of analog at both BS and UE sides, the new parameters, i.e., spatial Rx parameter is introduced to describe the spatial channel properties from UE perspective. Moreover, some specific RS, e.g., CSI-RS for BM, is introduced. For assisting the channel reception and demodulation, following direct QCL assumption as shown in Figure 1 can be considered: 
1. According to the agreement in RAN1#90bis, CSI-RS for tracking (TRS) is also supported for above 6 GHz. The results in our contribution [4] show that the Doppler shift and spread can be well handled by TRS without assistance of other RSs, e.g., PTRS. Meanwhile, considering the agreement achieved for below 6 GHz, the same QCL association is recommended below considering the reception of CSI-RS for tracking:
a) Option 1: {average delay, Doppler shift} e.g. if CSI-RS for BM is used to provide spatial Rx parameter  
b) Option 2: {spatial Rx parameter, average delay, Doppler shift} e.g. if SS block is used for beam management
2. In case when CSI-RS for BM is configured, QCL association between CSI-RS for BM and CSI-RS for tracking w.r.t {spatial Rx parameter} is required.
3. For reception of PDCCH or PDSCH in case of absence of CSI-RS for CSI acquisition/BM, QCL assumption w.r.t {spatial Rx parameter} should be supported between SS and DM-RS of PDCCH/PDSCH. Moreover, parameters estimated from CSI-RS for tracking can be directly used to assist data demodulation. CSI-RS for tracking and DM-RS can be assumed QCLed w.r.t {average delay, delay spread, Doppler spread and Doppler shift}.
4. In case of existence of CSI-RS for tracking, the direct QCL association between CSI-RS for BM and DM-RS w.r.t spatial parameter only is enough, there is no need to introduce other parameters.


Figure 1 Illustration of direct QCL association between RSs for PDSCH/PDCCH reception
Proposal 1: For above 6 GHz, the direct QCL associations for following RS pairs (target RS, reference RS),should be supported in NR:
· CSI-RS for tracking can be assumed to be QCLed with SS block
· w.r.t {average delay, Doppler shift} if CSI-RS for BM is configured. 
· w.r.t {spatial Rx parameter, average delay, Doppler shift} if CSI-RS for BM is not configured.
· DM-RS of PDCCH/PDSCH can be assumed to be QCLed with CSI-RS for BM only w.r.t Spatial Rx parameters
· DM-RS  can be assumed to be QCLed with CSI-RS for tracking can be assumed to be QCLed 
· w.r.t {Doppler shift, Doppler spread, average delay, delay spread} if CSI-RS for CSI acquisition is not configured.
· CSI-RS for tracking can be assumed to be QCLed with CSI-RS for BM w.r.t spatial Rx parameter
Signaling on QCL types
Based on the previous agreements, the associated DL RSs for DM-RSs and CSI-RS for BM or CSI acquisition will be included as a RS set in RRC configured TCI states and indicated via N-bit indicator field in DCI. More specifically, for assisting the demodulation, CSI-RS for tracking, PTRS and CSI-RS for BM or SSB (CSI-RS and SSB cannot be configured within one RS set simultaneously) should included in the RS set.  
Meanwhile, considering the support on multiple QCL types for one RSs pairs, e.g., type A and B for {CSI-RS for tracking, CSI-RS for CSI acquisition}, the information on QCL types in addition to the corresponding reference RSs should be included in the configuration of TCI states. 

Proposal 2: In the TCI configured for DM-RS, the CSI-RS for tracking, PTRS and CSI-RS for BM or SSB should be configured within one RS set to assist the demodulation.
Proposal 3: In addition to reference RS set, the corresponding QCL assumption should also be included in TCI state.
QCL indication across CCs and BWPs
Based on the previous agreements, QCL indication for the source and target RSs either in the same CC or in different CCs is supported. However, according to our simulation results shown in [3], it can be observed that, for some UEs, due to frequency selectivity, the selected Tx and Rx beams are both varying per CC. The statistical results depict that different beam pairs are selected by each CC for more than 20% UEs. Based on the analysis, it demonstrates that it’s difficult for TRP to determine whether the QCL w.r.t spatial Rx parameter can be indicated across CCs/BWPs or not. The corresponding association should be determined based on UE feedback. 
Proposal 4: For the QCL indication across CCs/BWPs, the following QCL indication should be supported:
· UE-assisted QCL association between RSs w.r.t spatial Rx parameter across CCs/BWPs should be supported.
QCL association among CSI-RS ports within one resource

In RAN1#89 meeting, the following agreement on the QCL assumption among CSI-RS ports within one resource was achieved [5]:
· CSI-RS ports within a CSI-RS resource have at least two types of QCL assumptions
· QCL w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters
· Not QCL’ed (e.g. for beam selection based on beamformed CSI-RS codebook)
· FFS whether some parameters can still be QCL’ed

The intention of this agreement is to reflect the differences of channel properties which are experienced by CSI-RSs with different beam configuration, e.g., multi-beam, beamwidth as shown Figure 2. It can be found that even with the same main direction, QCL association at least w.r.t delay spread is invalid for two beamformed CSI-RS port. In case of beam with different direction, other parameters, e.g., Doppler shift and spread also changes. Consequently, for the FFS listed in agreement above, other parameters should also be considered and the Non QCL-ed association between CSI-RS ports within one CSI-RS resource should be supported.
Meanwhile, in case of usage of port selection codebook or port indication for non-PMI feedback, it’s beneficial to use the agreed QCL types above among CSI-RS ports within one CSI-RS resource. The reason is that, for example, if each CSI-RS port is beamformed with different direction, usually different receive beams, i.e. different spatial QCL should be configured. Moreover, even at lower frequency with higher rank transmission, multiple narrow beams can have its own QCLs. For deriving one complete higher rank CSI, it is better to support port or port-group level QCL configurations for the CSI-RS port within one CSI-RS resource. Considering the overhead and complexity on QCL indication, especially the number of reference RSs, two QCLed CSI-RS groups, similar to the number of DM-RS groups, is sufficient in this release for beamformed CSI-RS based codebook or port selection based codebook. The details on the CSI-RS grouping can be found in [5].
[image: ]
[bookmark: _Ref498725012]Figure 2 Illustration of estimated PDP from RS with different beamwidth
Proposal 5: Two port groups are supported for CSI-RS port-group based QCL assumptions within one CSI-RS resource. 
· CSI-RS ports in the same group are QCL’ed w.r.t. all QCL parameters.  
· CSI-RS ports in the different groups are NOT QCL’ed w.r.t. all QCL parameters.   
· Two reference RSs are configured/indicated for CSI-RS resource with two QCL port groups. 


Conclusion 
In this contribution, the corresponding analysis about remaining issues on QCL in NR has been conducted with the following proposals:

Proposal 1: For above 6 GHz, the direct QCL associations for following RS pairs (target RS, reference RS),should be supported in NR:
· CSI-RS for tracking can be assumed to be QCLed with SS block
· w.r.t {average delay, Doppler shift} if CSI-RS for BM is configured. 
· w.r.t {spatial Rx parameter, average delay, Doppler shift} if CSI-RS for BM is not configured.
· DM-RS of PDCCH/PDSCH can be assumed to be QCLed with CSI-RS for BM only w.r.t Spatial Rx parameters
· DM-RS  can be assumed to be QCLed with CSI-RS for tracking can be assumed to be QCLed 
· w.r.t {Doppler shift, Doppler spread, average delay, delay spread} if CSI-RS for CSI acquisition is not configured.
· CSI-RS for tracking can be assumed to be QCLed with CSI-RS for BM w.r.t spatial Rx parameter
Proposal 2: In the TCI configured for DM-RS, the CSI-RS for tracking, PTRS and CSI-RS for BM or SSB should be configured within one RS set to assist the demodulation.
Proposal 3: In addition to the reference RSs set, the corresponding QCL assumption should also be included in TCI state.
Proposal 4: For the QCL indication across CCs/BWPs, the following QCL indication should be supported:
· UE-assisted QCL association between RSs w.r.t spatial Rx parameter across CCs/BWPs should be supported.
Proposal 5: 5: Two port groups are supported for CSI-RS port-group based QCL assumptions within one CSI-RS resource. 
· CSI-RS ports in the same group are QCL’ed w.r.t. all QCL parameters.  
· CSI-RS ports in the different groups are NOT QCL’ed w.r.t. all QCL parameters.   
· Two reference RSs are configured/indicated for CSI-RS resource with two QCL port groups. 
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