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1	Introduction
In RAN Plenary meeting #75, a WID on NR was agreed. The work item targets to develop and specify the functionalities for eMBB operation as well as support the URLLC type of operation.
In this contribution we discuss about remaining details on QCL. 
2	QCL Framework
2.1	QCL Assumptions and Configuration before RRC Connected State
In IDLE mode UE searches cells (i.e. SS blocks) and makes a cell selection based on measurements on detected SS blocks. From NR-PBCH the UE determines the CORESET configuration as well as the search space (e.g. periodicity) for RMSI scheduling. For reception of NR-PDCCH scheduling RMSI and NR-PDSCH conveying RMSI the UE may assume that DMRS of NR-PDCCH and DMRS of NR-PDSCH are QCL associated to the SS block. 
In RACH procedure it’s expected that UE 
· selects PRACH preamble associated to certain SS block
· uses UL TX beam based on RX beam used to measure selected SS block
· assumes DMRS of NR-PDCCH scheduling Msg2 and DMRS of NR-PDSCH carrying Msg2 to be QCLed with the SS block used to select PRACH preamble
· uses the same UL TX beam as was used for PRACH preamble transmission
· assumes DMRS of NR-PDCCH scheduling Msg4 and DMRS of NR-PDSCH carrying Msg4 to be QCLed with the SS block used to select PRACH preamble

Thus, QCL associations in initial access are as in Figure 1. In initial access the UE implicitly (without explicit configuration) may assume QCL association between SS block and DMRS of NR-PDCCH and DMRS of NR-PDSCH at least related to spatial RX parameter. That also means that UE initializes QCL indicator state tables based on selected SS block as discussed in more details in [3]. 
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[bookmark: _Ref494711269]Figure 1 QCL assumptions in initial access.

2.2	QCL Assumptions and Configurations in RRC Connected State
After setup of RRC Connected State for the UE, gNB is aware of UE’s physical layer capabilities and is able to configure explicitly UE with RSs for time and frequency synchronization tracking (TRS), CSI-RS and SRS for beam management, CSI-RS for L3 mobility, CSI-RS and SRS for DL and UL CSI acquisition, SS block and CSI-RS based resource(s) for beam recovery purposes, and for phase noise tracking and correction (PTRS). Configuration signalling is expected to work so that UE is configured using higher layer signalling (RRC) resource configurations for RS transmissions and DCI in NR-PDCCH is used to trigger transmission according to certain resource configuration. 
Related to TRS usage, one use case may be where SS blocks are transmitted in low periodicity or in other BWP than the one the UE is using or in high speed train scenarios to provide means for time and frequency synchronization tracking. As a result of RACH procedure, the gNB is aware of the preferred SS block for the UE. TRS can be configured for the UE having QCL association related to spatial RX parameters to the selected SS block.
As discussed in [3] SS block can be used as “transmit beam” for both NR-PDCCH and NR-PDSCH. In DL beam indication, Transmission Configuration Indicator (TCI) signalled in DCI for NR-PDSCH indicates the UE which DL RS (SS block, CSI-RS or even TRS) is QCL associated with DMRS of NR-PDSCH. TCI points to certain entry in pre-configured TCI states table. The table is assumed to be configured using RRC and MAC-CE based signalling, i.e. candidate QCL assumptions between DL RS and DMRS of NR-PDSCH are configured in RRC and MAC-CE level. 
Proposal: Configuration of QCL association between DL RS and DMRS of NR-PDSCH for each TCI state are performed in RRC and MAC-CE level.
TCI states table is configured for NR-PDCCH reception as well but in there UE may be configured multiple CORESETs or multiple search spaces per one CORESET for different candidate QCL assumptions between DL RS (SS block or CSI-RS or even TRS) and DMRS of NR-PDCCH [3]. Configuration is similarly performed in RRC and MAC-CE level. Search space configuration provides UE the monitoring periodicity and thus no DCI based trigger signalling is not needed that which TCI state to use for NR-PDCCH reception.
Proposal: Configuration of QCL association between DL RS and DMRS of NR-PDSCH for each TCI state comprising CORESET and search configurations are performed in RRC and MAC-CE level.
For detecting and selecting more narrow transmit beams than SS block beam, e.g. in case of multi-TRP cell and/or hybrid architecture used at gNB, the gNB may configure UE with multiple CSI-RS resources (for beam management) each partially associated in terms of spatial RX parameters to a certain SS block as depicted in Figure 2.
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[bookmark: _Ref494715936]Figure 2 SS block and CSI-RS for beam selection. 

Then, the gNB may further configure TRS resources QCL associated with above mentioned CSI-RS resources to provide time and frequency synchronization tracking reference signal for each or subset of narrow beams identified by use of CSI-RS resources. 
For CSI acquisition, the gNB configures and transmits CSI-RS using spatial domain characteristics similar to what were used to transmit CSI-RS for narrow beam detection and selection. In case of TRSs have been QCL associated with CSI-RS for beam management, CSI-RS for CSI acquisition could be QCL associated to TRS as well. DMRS of NR-PDCCH can be QCLed to SS blocks and CSI-RS for beam management and DMRS of NR-PDSCH to SS blocks and CSI-RS, and potentially to TRS as well. Then , above 6 GHz, the UE may be configured additional PTRS for phase noise tracking and correction in NR-PDSCH demodulation. PTRS would be then QCL associated to DMRS of NR-PDSCH (and thus may be QCLed to SS block and CSI-RS for BM). These are summarized as follows (and in Figure 3 where it is also shown how TCI maps onto the presented framework):
· SSB  TRS: [average delay, Doppler shift, Spatial RX parameters]
· SSB  CSI-RS for beam management: [average delay, Doppler shift, Spatial RX parameters]
· TRS  CSI-RS for CSI acquisition: [Delay spread, average delay, doppler spread, doppler shift, spatial RX parameters]
· CSI-RS for beam management  CSI-RS for CSI acquisition: [Spatial RX parameters, doppler and delay parameters]
· CSI-RS for CSI acquisition  DMRS of NR-PDSCH [Doppler shift, doppler spread, average delay, delay spread]
· SSB  DMRS of NR-PDSCH [Doppler shift, doppler spread, average delay, delay spread, spatial RX parameters]
· SSB  DMRS of NR-PDCCH [Doppler shift, doppler spread, average delay, delay spread, spatial RX parameters]
· TRS  DMRS of NR-PDCCH [Doppler shift, doppler spread, average delay, delay spread, spatial RX parameters]
· DMRS of NR-PDSCH  PTRS
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[bookmark: _Ref494717769]Figure 3 QCL associations in RRC Connected state.

2.3	On widebeam and narrowbeam RSs
RAN1-AH#3 made the following agreements related to RS combinations holding QCL assumptions:
	[bookmark: _Hlk494364540]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.



Regarding FFS points

· 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
we discuss about whether different QCL parameters can be applied between RSs where one is widebeam and the other is narrow beam. It’s well-known that beamforming effectively reduces the effective delay spread of a radio channel when angular spread at the node performing spatial domain filtering is large. Thus, the impact due to beamforming is different in non-line-of-sight (NLoS) and line-of-sight (LOS) channels with strong dominant component (large K). I.e. in LOS channel applying narrow beams at both ends may not reduce the effective delay spread compared to using widebeams whereas in rich scattering NLoS channel the narrow beam utilization at both ends may significantly reduce the effective delay spread. Thus, it can be noted that in general it may not hold that widebeam RS and narrow beam RS would be able to be QCLed with respect to delay spread.
In general, similar applies to doppler spread: reduction in angular spread due to beamforming reduces also doppler spread. Thus, we consider widebeam RS and narrow beam RS cannot be tightly QCL associated with respect to delay spread and doppler spread. As a consequence, average delay and doppler shift estimation results could also be different when measured from widebeam RS and narrow beam RS. 

Observation: Widebeam RS and narrow beam RS cannot be tightly QCL associated with respect to delay spread and doppler spread.
4	Conclusion
This contribution discussed about remaining details on QCL. Based on discussion the following QC framework is proposed:
Proposal: Configuration of QCL association between DL RS and DMRS of NR-PDSCH for each TCI state are performed in RRC and MAC-CE level.
Proposal: Configuration of QCL association between DL RS and DMRS of NR-PDSCH for each TCI state comprising CORESET and search configurations are performed in RRC and MAC-CE level.
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
· [bookmark: _GoBack]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 
· After RRC for above 6 GHz
· SSB  TRS: [average delay, Doppler shift, Spatial RX parameters]
· SSB  CSI-RS for beam management: [average delay, Doppler shift, Spatial RX parameters]
· TRS  CSI-RS for CSI acquisition: [Delay spread, average delay, doppler spread, doppler shift, spatial RX parameters]
· CSI-RS for beam management  CSI-RS for CSI acquisition: [Spatial RX parameters, doppler and delay parameters]
· CSI-RS for CSI acquisition  DMRS of NR-PDSCH [Doppler shift, doppler spread, average delay, delay spread]
· SSB  DMRS of NR-PDSCH [Doppler shift, doppler spread, average delay, delay spread, spatial RX parameters]
· SSB  DMRS of NR-PDCCH [Doppler shift, doppler spread, average delay, delay spread, spatial RX parameters]
· TRS  DMRS of NR-PDCCH [Doppler shift, doppler spread, average delay, delay spread, spatial RX parameters]
· DMRS of NR-PDSCH  PTRS
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