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[bookmark: _Ref492584551]Introduction
[bookmark: _Ref178064866]There are some FFSs that we address in this contribution. Note that there is a parallel ongoing discussion about TCI state configuration, which is out of scope of this discussion. The intention here is only to capture the possible QCL relations, not how these are configured or can be dynamically switched.
[bookmark: _GoBack]QCL Assumptions Related to Component Carriers (CC) 
When multiple CCs are configured, and spatial Rx QCL parameter is configured to be present and when UE is configured to measure on CSI-RS, or receive PDSCH across multiple CC in the same OFDM symbol, it is likely at least in early releases that the UE must use the same Rx beam across all CCs. Hence,
Proposal 1: Between CCs where the UE has been configured to utilize the spatial RX QCL, the UE may assume that PDSCH DMRS and NZP CSI-RS received in the same OFDM symbol are spatially QCL as default unless configured otherwise by higher layer signalling. 
To support the configured case, it is likely that some UE capability signalling is needed to indicate whether the UE can receive in different RX beams on different CCs simultaneously. 
Note that we already have an agreement related to the other QCL parameters so this proposal only impacts on the spatial QCL parameter: 
· 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
QCL for high band operation
For high band, significant progress were made last meeting but there are still many parameters in brackets in a working assumption. In our view the above 6 GHz QCL framework is an extension of the sub-6 GHz framework in two main aspects:
· Spatial QCL can be configured as an add-on (in case analog BF is used)
· CSI-RS for beam management is introduced as an add-on
Last meeting, the TRS was agreed to be supported also for high band operation and this needs to be taken into account in the QCL framework to make it complete.
The working assumption states the following QCL relationships:
After RRC for above 6 GHz
· [bookmark: _Hlk495483134]SSB  TRS 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

Which can be illustrated as follows:

[image: ]
Figure 1 Current QCL agreements for above 6 GHz operation
The difference to below 6 GHz QCL relations for time and frequency tracking is that the BM CSI-RS introduced. Also, as mentioned above, the agreements for links to TRS where TRS is the source RS for QCL relations is missing.  
A straightforward approach is to re-use the QCL framework for below 6 GHz, add spatial QCL as an add on configuration to the SSBTRSCSI-RSDMRS link, and to utilize the TRS with the same functionality as for below 6 GHz. In addition, to enable CSI measurments also on CSI-RS for BM, these RS can be configured to use the TRS as source RS.
[image: ]
Figure 2 Proposed QCL framework for above 6 GHz operation where dashed links means they are by default, prior to configuration of TRS or CSI-RS for BM
Hence, what is proposed for high band operation QCL is:
Proposal 2:
For above 6 GHz:
· Confirm the working assumption and remove the following brackets:
· SSB BM CSI-RS is QCL w.r.t Doppler shift, average delay and spatial rx
· SSB PDCCH DMRS and PDSCH DMRS is QCL w.r.t. Doppler shift/spread, Delay average/spread prior to configuration of TRS and spatial rx prior to configuration of BM CSI-RS
· CSI-RS  PDSCH DMRS is QCL w.r.t. Doppler shift/spread, Delay average/spread and spatial rx
·  
· Complete the QCL framework related to TRS using TRS as source and link to the 
· CSI-RS for CSI acquisition as target RS by re-using the same Type A and Type B configurations as for sub-6 GHz with the add on configurability of spatial QCL 
· CSI-RS for beam management as target RS by re-using the same Type A and Type B configurations as for sub-6 GHz with the add on configurability of spatial QCL
· Add the following link
· CSI-RS  PDCCH DMRS is QCL w.r.t. Doppler shift/spread, Delay average/spread, spatial rx 
· All other parameters in brackets can be removed, i.e. BM CSI-RS is only used as QCL for spatial rx purpose related to PDSCH DMRS and PDCCH DMRS as the target RS
Note that the links where DMRS is the target RS can be configured to be controlled by the TCI field.
QCL relations for low and midband operation
For sub-6 GHz the QCL relations for PDCCH is missing. Since the framework for above 6 GHz proposed in the previous section is an extension of the sub 6 GHz framework by adding the BM CSI-RS and the spatial QCL parameter, we can get the QCL link for PDCCH DMRS from the source CSI-RS with respect to all four time and frequency QCL parameters.
Proposal 3:
· For both below and above 6 GHz, the PDCCH DMRS is quasi co-located with a CSI-RS with respect to Doppler shift, Doppler spread, average delay and delay spread

This gives the following diagram that can be used below 6 GHz or in case beam management and spatial rx QCL is not needed (not configured):  
[image: ]
Figure 3 QCL framework without configuration of CSI-RS for BM and spatial QCL parameter (can be used for sub 6 GHz) where dashed links means they are by default, prior to configuration of TRS

Proposal summary
We make the following summary:
Proposal 1: 
· Between CCs where the UE has been configured to utilize the spatial RX QCL, the UE may assume that PDSCH DMRS and NZP CSI-RS received in the same OFDM symbol are spatially QCL as default unless configured otherwise by higher layer signalling. 
Proposal 2:
For above 6 GHz:
· Confirm the working assumption and remove the following brackets:
· SSB BM CSI-RS is QCL w.r.t Doppler shift, average delay and spatial rx
· SSB PDCCH DMRS and PDSCH DMRS is QCL w.r.t. Doppler shift/spread, Delay average/spread prior to configuration of TRS and spatial rx prior to configuration of BM CSI-RS
· CSI-RS  PDSCH DMRS is QCL w.r.t. Doppler shift/spread, Delay average/spread and spatial rx
·  
· Complete the QCL framework related to TRS using TRS as source RS and link to the 
· CSI-RS for CSI acquisition as target RS by re-using the same Type A and Type B configurations as for sub-6 GHz with the add on configurability of spatial QCL 
· CSI-RS for beam management as target RS by re-using the same Type A and Type B configurations as for sub-6 GHz with the add on configurability of spatial QCL
· Add the following link
· CSI-RS  PDCCH DMRS is QCL w.r.t. Doppler shift/spread, Delay average/spread, spatial rx 
· All other parameters in brackets can be removed, i.e. BM CSI-RS is only used as QCL for spatial rx purpose related to PDSCH DMRS and PDCCH DMRS as the target RS
Proposal 3:
· For both below and above 6 GHz, the PDCCH DMRS is quasi co-located with a CSI-RS with respect to Doppler shift, Doppler spread, average delay and delay spread
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