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Introduction
In RAN1#90 and RAN1 NR Ad Hoc #3 meeting, the following agreements on QCL design were achieved [1][2]:
	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.
Agreements:
· Support the QCL indication of DM-RS for PDSCH via DCI signaling:
· The N-bit indicator field in the agreed WF R1-1714885 is extended to support:
· Each state refers to one or two RS sets, which indicates a QCL relationship for one or two DMRS port group (s), respectively
· Each RS set refers to one or more RS(s) which are QCLed with DM-RS ports within corresponding DM-RS group
· Note: The RSs within a RS set may be of different types
· If there are more than one RS per RS set, each of them may be associated with different QCL parameters, e.g. one RS may be associated with spatial QCL while another RS may be associated with other QCL parameters, etc
· Configuration of RS set for each state can be done via higher layer signaling
· E.g., RRC/RRC + MAC CE
· FFS the timing when the QCL is applied relative to the time of the QCL indication
Agreements:
· FFS the indicator state referred in below text may or may not be the indicator state defined in R1-1714885
· Following ways of configuring QCL relations between a reference RS and a targeted RS are supported
· If configured, at least spatial QCL relation between SS Block (ref) and at least P/SP CSI-RS is signaled 
· FFS signaling details, e.g., by RRC, etc.
· FFS: AP CSI-RS for targeted RS
· If configured, at least spatial QCL relation between a P/SP CSI-RS resource (ref) and another (different) at least P/SP CSI-RS resource is signaled 
· FFS signaling details, e.g., by RRC, etc.
· FFS: AP CSI-RS for targeted RS
· FFS : Other candidate relations
Agreements:
· For single CC/BWP and single TRP, at least the following is supported:
· Antenna port(s) of NZP CSI-RS can be QCL-ed with antenna port(s) of other RS wrt to the following parameters:
· TRS w.r.t . {average delay, delay spread, Doppler shift, Doppler spread} and one of SSblock w.r.t {spatial Rx parameters} or NZP CSI-RS w.r.t. {spatial Rx parameters)
· FFS Antenna ports of DM-RS can be QCL-ed with SSblock w.r.t. to the following parameters {average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameters} for PDSCH demodulation before TRS configuration
· FFS for PDCCH
· FFS the case where antenna port(s) of NZP CSI-RS can be QCL-ed with antenna port(s) of other RS: 
· SS block: w.r.t .{average delay, FFS delay spread, Doppler shift, FFS Doppler spread, spatial Rx parameters}
· Especially regarding whether this case must be supported if there is potential absence of TRS or not
· FFS Antenna ports of DM-RS can be QCL-ed with NZP CSI-RS w.r.t. to the following parameters {average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameters}
· FFS Antenna ports of DM-RS can be QCL-ed with TRS w.r.t. to the following parameters {average delay, delay spread, Doppler shift, Doppler spread, FFS spatial Rx parameters}


In this contribution, we will discuss some remaining issues.

Discussion
QCL Assumption for DL
In LTE, for the QCL design, the following large scale properties of channel are introduced as QCL parameters: average gain, average delay, delay spread, Doppler shift, Doppler spread. Since NR supports multi-beam operations, spatial Rx parameter is introduced as a supplementary to the above-mentioned traditional QCL parameters of LTE.
Some new types of reference signals are introduced in NR, e.g., TRS, PT-RS. Meanwhile, some existing RS also supports new functionalities. For example, CSI-RS and SS block can be used for beam management. Different signal structures of different type of RS and/or different configurations of the same type of RS will leads to the different accuracy of large scale channel properties. For example, some type of RS with a given configuration can provide sufficient information of QCL parameters {average delay, delay spread} while another type of RS with a given configuration can provide accurate estimation of the QCL parameters {average delay, delay spread, Doppler shift, Doppler spread}. Therefore, grouping of the QCL parameters is discussed for various combinations of the reference RS and the target RS.
The estimation of QCL parameters are not only depending on the RS structure and its configuration, but also highly related to the algorithm used by the UE. For example, for a given QCL parameter, UE1 may obtain relatively accurate estimation based on the reference RS for the target RS while UE2 cannot benefit the reception of target RS based on the estimation of the reference RS. Moreover, UE can decide the estimation of which QCL parameter is useful for the reception of target RS. If UE think the estimation of a QCL parameter based on a reference RS is useless for the reception of the target RS, UE can just not use the QCL parameter. Based on this knowledge, we can simplify the grouping the of various QCL parameters.
NR design has introduced too many options/configurations, which will lead to a huge complexity of the NR NW/UE design and a tremendous workload of the testing. In order to simplify the design and benefit the ecosystem of NR, it is attracting to keep the grouping/configuration of QCL parameters as few as possible.
Based on the above discussions, we propose NR supports only three types of grouping:
Proposal 1: NR supports only three types of grouping of QCL parameters: 
· G1: { average delay, delay spread, Doppler shift, Doppler spread}
· G2: {spatial Rx parameter}
· G3: { average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameter}, i.e., {G1+G2} 

Regarding the QCL assumption between TRS and CSI-RS for CSI acquisition, we have agreed to support Type A while don’t achieve a consensus on whether to support Type B.
· 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 
Based on the above discussion for Proposal 1, we think Type A QCL assumption is sufficient for NR and don’t need to support the additional Type B QCL assumption

Proposal 2: For the QCL assumption of TRS and CSI-RS for CSI acquisition, NR don’t support Type B 
· TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread
· CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 

Based on the same principle, we list the QCL assumptions of different combinations of reference RS and target RS beyond the already-achievement agreements:
Proposal 3: NR at least supports the following QCL assumptions:
· DMRS of PDCCH/PDSCH can be QCLed with other RS w.r.t the following parameters:
· CSI-RS
· w.r.t. {average delay, delay spread, Doppler shift, Doppler spread}   (Already agreed)
· w.r.t. {spatial Rx parameter}:  CSI-RS for beam indication
· w.r.t { average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameter }: CSI-RS for CSI acquisition
· SS block
· w.r.t. {average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameter}  (Already agreed)
· TRS
· w.r.t. { average delay, delay spread, Doppler shift, Doppler spread }  (Already agreed)
· CSI-RS can be QCLed with other RS w.r.t the following parameters:
· CSI-RS
· w.r.t. {spatial Rx parameter}   (Already agreed)
· TRS
· w.r.t. {average delay, delay spread, Doppler shift, Doppler spread}  (Already agreed)
· SS block
· w.r.t. {spatial Rx parameter}   (Already agreed)
· w.r.t. {average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameter}: for the case where CSI-RS is configured for a SS block beam
· TRS
· SS block
· w.r.t. {spatial Rx parameter}
· CSI-RS
· w.r.t. {spatial Rx parameter}
· SS block
· SS block
· w.r.t. {spatial Rx parameter}: for the where case where multiple SS blocks are in the frequency domain in a wide bandwidth

In NR, there are three types of CSI-RS: periodic (P) CSI-RS, semi-persistent (SP) CSI-RS and aperiodic (AP) CSI-RS. In RAN1#90 meeting, there is a remaining issue whether AP CSI-RS can be QCLed to SS block/ P CSI-RS/SP CSI-RS. For beam management and CSI acquisition, AP CSI-RS is regarded as an effective tool since it offers flexibility and lower resource overhead. Thus we propose:
 
Proposal 4: NR supports the following QCL assumptions:
· If configured, at least spatial QCL relation between SS Block (ref) and AP CSI-RS is signaled 
· If configured, at least spatial QCL relation between a P/SP CSI-RS resource (ref) and another AP CSI-RS resource is signaled 

Meanwhile, the QCL assumption between SP CSI-RS and another different SP CSI-RS seems not necessary.
As for the signaling of QCL assumption of CSI-RS, we propose

Proposal 5: NR supports the following signaling mechanism to indicate the QCL assumptions:
· via RRC if the target RS is periodic CSI-RS
· via semi-persistent CSI-RS activation signal if the target RS is semi-persistent CSI-RS
· via aperiodic CSI-RS triggering signals (DCI) if the target RS is aperiodic CSI-RS

In RAN1 NR Ad Hoc meeting, NR supports to configure the carrier without SS block for some UEs in the non-contiguous intra-band carrier aggregation scenarios. Thus only the spatial Rx parameter is not sufficient for this use case. Thus we have the following proposal:

Proposal 6: NR at least supports the following QCL assumptions between the RS in different CC
· DMRS of PDCCH/PDSCH is QCLed with SS block w.r.t. { average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameter }
· TRS is QCLed with SS block w.r.t. {spatial Rx parameter}
· CSI-RS of PDCCH/PDSCH is QCLed with SS block w.r.t. { average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameter }

Since the RF design of UE will affect whether it can support the QCL assumption across different CC. For example, if UE uses different RF chains, it may not obtain large scale properties of channel in one CC for the reception of another CC. Thus UE should report it corresponding capability.

Proposal 7: NR supports UE to report its capability whether or not support the QCL assumptions between the RS in different CC

QCL Assumption for UL
For UL, we need to discuss two different scenarios with or without beam correspondence.

For the scenario with beam correspondence, NW can indicate the UL QCLed with a DL RS. During the initial access, UE can only measure the SS blocks. Thus for UL transmission, UE can assume the UL is associated with its selected DL beams. When SS block is configured for beam management, it is also need to use the QCL assumption of SS block and UL transmission. These discussions are also applying to CSI-RS and UL transmission. Thus we have the following proposal:

Proposal 8: NR supports that the following QCL assumptions:
· DMRS of PUCCH/PUSCH is QCLed with an SS block w.r.t. spatial QCL parameter
· SRS is QCLed with a SS block w.r.t. spatial QCL parameter
·  DMRS of PUCCH/PUSCH is QCLed with a CSI-RS w.r.t. spatial QCL parameter
· SRS is QCLed with a CSI-RS w.r.t. spatial QCL parameter

For the scenario without beam correspondence, NW should configure SRS resource for UL beam management. Thus NW has to indicate which UL beam should be used for UL transmission via SRS resource indication. Similar to Proposal 6, we have the following proposal:

Proposal 9: NR supports that the following QCL assumptions:
· DMRS of PUCCH/PUSCH is QCLed with a SRS  w.r.t. spatial QCL parameter
· SRS is QCLed with a different SRS w.r.t. spatial QCL parameter

Conclusions
In this contribution, we discuss some remaining issues of the QCL design. Based on the above discussions, we have the following proposals:
Proposal 1: NR supports only three types of grouping of QCL parameters: 
· G1: { average delay, delay spread, Doppler shift, Doppler spread}
· G2: {spatial Rx parameter}
· G3: { average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameter}, i.e., {G1+G2} 
Proposal 2: For the QCL assumption of TRS and CSI-RS for CSI acquisition, NR don’t support Type B 
· TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread
· CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
Proposal 3: NR at least supports the following additional QCL assumptions:
· DMRS of PDCCH/PDSCH can be QCLed with other RS w.r.t the following parameters:
· CSI-RS
· w.r.t. {spatial Rx parameter}:  CSI-RS for beam indication
· w.r.t { average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameter }: CSI-RS for CSI acquisition
· CSI-RS can be QCLed with other RS w.r.t the following parameters:
· SS block
· w.r.t. {average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameter}: for the case where CSI-RS is configured for a SS block beam
· TRS
· SS block
· w.r.t. {spatial Rx parameter}
· CSI-RS
· w.r.t. {spatial Rx parameter}
· SS block
· SS block
· w.r.t. {spatial Rx parameter}: for the where case multiple SS blocks in the frequency domain in a wide bandwidth
Proposal 4: NR supports the following QCL assumptions:
· If configured, at least spatial QCL relation between SS Block (ref) and AP CSI-RS is signaled 
· If configured, at least spatial QCL relation between a P/SP CSI-RS resource (ref) and another AP CSI-RS resource is signaled 
Proposal 5: NR supports the following signaling mechanism to indicate the QCL assumptions:
· via RRC if the target RS is periodic CSI-RS
· via semi-persistent CSI-RS activation signal if the target RS is semi-persistent CSI-RS
· via aperiodic CSI-RS triggering signals (DCI) if the target RS is aperiodic CSI-RS
Proposal 6: NR at least supports the following QCL assumptions between the RS in different CC
· DMRS of PDCCH/PDSCH is QCLed with SS block w.r.t. { average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameter }
· TRS is QCLed with SS block w.r.t. {spatial Rx parameter}
· CSI-RS of PDCCH/PDSCH is QCLed with SS block w.r.t. { average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameter }
Proposal 7: NR supports UE to report its capability whether or not support the QCL assumptions between the RS in different CC
Proposal 8: NR supports that the following QCL assumptions:
· DMRS of PUCCH/PUSCH is QCLed with an SS block w.r.t. spatial QCL parameter
· SRS is QCLed with a SS block w.r.t. spatial QCL parameter
·  DMRS of PUCCH/PUSCH is QCLed with a CSI-RS w.r.t. spatial QCL parameter
· SRS is QCLed with a CSI-RS w.r.t. spatial QCL parameter
Proposal 9: NR supports that the following QCL assumptions:
· DMRS of PUCCH/PUSCH is QCLed with a SRS  w.r.t. spatial QCL parameter
· SRS is QCLed with a different SRS w.r.t. spatial QCL parameter
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