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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN1 NR Ad-Hoc#2 meeting, the following agreements are achieved [1]:
· For QCL, NR supports:
· At least one or two DM-RS antenna port groups per PDSCH 
· FFS other number of groups
· QCL assumption across carriers and bandwidth parts for DL
· FFS details for indication, the applicable RS(s), the applicable QCL parameters, and configurability
· FFS whether or not to have UE assisted management
In this contribution, further discussion on QCL related issues, e.g., indication across CC(s)/BWP(s), QCL types and configuration are elaborated. 
Remaining issues w.r.t QCL indication across CCs and BWPs
As demonstrated in [2], both large and small scale channel properties vary w.r.t the change of frequency. Moreover, in cellular system, the experienced channel properties, for each link between BS and UE are easily influenced by beam properties and antenna RF condition at both Tx and Rx sides. The channel properties would change in frequency domain due to various factors, e.g. different average gain, structure of antenna or Tx/Rx beam. Consequently, a UE should not assume that antenna port(s) transmitted on different BWP are QCL-ed by default (i.e. unless the UE is indicated), similar to the agreed by-default QCL assumption across CC. Similar to LTE, both intra- and inter- band CAs are expected to be supported in NR. In general, the usage of single or different RF chain highly depends on the system capability as well as CA scheme, e.g., for intra band CA, single RF chain can be used in implementation. Moreover, according current agreement, in some cases (e.g., scenario #4 listed in [3]), carrier without SS block can be configured for some UEs in the context of non-contiguous intra-band carrier aggregation. In this kind of situation, for time-frequency synchronization, the SS-block related QCL association, such as SS block and CSI-RS for BM/TRS are QCL-ed w.r.t e.g., Doppler shift and average delay, can be indicated across the CCs/BWPs. 
Besides, according to our simulation results shown in [4], it can be observed that, for some UEs, due to frequency selectivity, both the selected Tx and Rx beams are varying per CC. The statistical results depict that different beam pairs are selected by each CC for more than 20% UEs. Based on the above 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 1:  A UE should not assume that antenna port(s) transmitted on different BWP are QCL-ed by default (i.e. unless the UE is indicated), similar to the agreed by-default QCL assumption across CC.
Proposal 2: For the QCL indication across CCs/BWPs, the following QCL indication should be supported:
· QCL association between SS block and CSI-RS/TRS w.r.t e.g., Doppler shift and average delay can be indicated across CCs/BWPs 
· UE-assisted QCL association between RSs w.r.t spatial Rx parameter across CCs/BWPs should be supported.
Potential QCL assumption for RSs pairs
For assisting the channel reception and demodulation of data and control information, the QCL with additional parameter, i.e., spatial Rx parameter, is introduced in NR. Considering the different usage and configuration of each RS, the QCL association between two antenna ports w.r.t a subset of parameters should be well designed. Based on the observations listed in summary of [88b-12] email discussion [6], the following combination can be considered as the baseline for further discussion:
· SS and CSI-RS for BM
According to the previous agreement, the QCL between SS and CSI-RS w.r.t spatial Rx parameter has been supported. Moreover, similar as the implementation in LTE, the coarse Doppler shift and average delay can be estimated by UE via SS for achieving the time-frequency synchronization. Considering this property, the following QCL association should be supported:
1. If CSI-RS for BM is transmitted from the same TRP as SS block, in addition to spatial Rx parameter, the QCL assumption can also be configured w.r.t Doppler shift and average delay.
2. In the scenario with multiple TRPs similar to LTE CoMP scenario 4, the SS is used as the reference of CSI-RS (from different TRPs) for synchronization, QCL assumption between SS and CSI-RS for BM can be configured w.r.t Doppler shift and average delay.
· SS and DM-RS
It has been agreed that PBCH will be transmitted with SS in beam-sweeping manner. In this case, for obtaining the accurate channel estimation of PBCH, QCL association between DM-RS of PBCH and SS should be supported w.r.t Doppler shift, average delay and spatial Rx parameter.
Meanwhile, before the establishment of RRC connection, the QCL association between DM-RS of PDCCH and SS should be supported w.r.t Doppler shift, average delay and spatial Rx parameter, since both CSI-RS for BM and channel tracking are not configured.
Moreover, in case of beam failure situation, if the new beam identification through SS block is supported, the transmission/reception of PDCCH/PDSCH using the new beam will be conducted based on information related to SS. Then, QCL between DM-RS of PDCCH and SS should also be supported w.r.t Doppler shift, average delay and spatial Rx parameter
· CSI-RS ports across different resources
As mentioned above, CSI-RS can be used for different functionalities with different configurations. Consequently, the experienced channel properties among them are also different. Considering this, by default, (i.e., unless the UE is indicated), CSI-RS ports across different resources can’t be assumed to be QCL-ed. 
Moreover, for supporting the usage of CSI-RS for different purposes, the following specific QCL association should be supported:
1. CSI-RS for channel tracking (if agreed) is used as the reference of CSI-RS for BM or CSI acquisition. QCL assumption can be configured w.r.t Doppler spread, Doppler shift, delay spread, average delay between these types of CSI-RS.
2. After the beam training procedure via CSI-RS, the beam indication for the reception of CSI-RS for CSI acquisition can be done via the QCL association between these two types CSI-RS at least w.r.t spatial Rx parameter .
· CSI-RS and SRS
Based on previous agreements, NR supports the indication for a configured SRS resource, where the transmission of the SRS resource is performed with the same spatial filtering as the one used for the reception of the indicated DL RS. Since the spatial Rx parameter is introduced to depict the spatial channel properties around UE sides, the QCL indication between CSI-RS and SRS w.r.t spatial Rx parameter can be an easy way to achieve this kind of association between DL and UL RS.
Proposal 3: The following QCL associations should be supported in NR:
· SS and CS-RS port for BM can be assumed to be QCLed
· w.r.t Doppler shift, average delay 
· w.r.t Doppler shift, average delay and spatial Rx parameters
· SS and DM-RS port can be assumed to be QCLed
· w.r.t Doppler shift, average delay and spatial Rx parameter
· CSI-RS port and SRS port can be assumed to be QCLed w.r.t spatial Rx parameter.
· CSI-RS ports across different resources can be assumed to be QCLed:
· w.r.t spatial Doppler spread and Doppler shift 
w.r.t spatial Rx parameterSignaling on QCL indication
As agreed in [5], three alternatives were proposed to determine the subset of QCL parameters between antenna ports of two RS resources:
· Alt. 1: Which of the subset of QCL parameters are configured by gNB
· Alt. 2: Which of QCL type is configured by gNB where multiple QCL types are pre-defined
· Alt. 3: QCL types are pre-defined
According to our analysis above, the experienced channel properties of RS are easily influenced by several factors, and it will result in various QCL assumptions between two RSs. Meanwhile, the functionality of certain RS resource (ports) will be dynamically changed according to the configuration, e.g., CSI-RS will be used for both beam management and CSI acquisition [5]. Consequently, considering the flexibility and overhead for indication, the approach as proposed in Alt 2 should be supported in NR for the gNB to configure QCL parameters among RSs.
Considering the specific situation for each implementation, at least the following indication methodologies can be adopted.
· Hardcoded in spec:
This approach can be used for the situation that only one QCL assumption exist between fixed RS ports. For examples, as mentioned before, since the PBCH will be always transmitted with SS block, the QCL assumption between DM-RS of PBCH and corresponding SS block can be hardcoded in spec.  
· Configuration via DL signaling 
In case that dynamic RS allocation or multiple QCL assumption exists, the QCL configuration via DL signaling should be supported. For example, as agreed before, at least the QCL association w.r.t spatial Rx parameter between DM-RS of PDCCH and DL RS can be configured via high layer signaling, i.e., RRC and MAC CE.
For the QCL related to PDSCH, considering transmission with dynamic switching e.g., beam switching and switching between single TRP or multiple TRP transmission, in addition to the high layer signaling, the physical signaling, i.e., DCI should be used for QCL indication as  an example shown in  Figure 1. In this case, the following three steps are taken for the QCL indication between DM-RS and CSI-RS:
a) The potential QCL relationships between the DMRS and CSI-RS are configured as a pool via RRC signalling. 
b) The selection of potential combination for the RS pairs can be conducted through activation and de-activation operation via MAC CE signalling. 
c) The indication of QCL relationship between DMRS and CSI-RS would be finally indicated to the UE via DCI signalling. 
More specifically, since two DM-RS port groups are supported in NR, the similar enhancements for FeCoMP in LTE [7] via the NR-PQI field within DCI can be considered to indicate DL RSs which are assumed to be QCL-ed with different DM-RS ports groups of PDSCH as shown Table 1. Within the NR-PQI field, each state can refer to a parameter set which consists of multiple RS sets (e.g., 2), which are configured by higher layer, e.g., by RRC and/or MAC CE for different DMRS port groups. In each parameter set, resource ID of QCLed CSI-RS, and PTRS port index, can be introduced. In case of two DMRS port groups sharing the same oscillator, the same PTRS port index for these two DMRS port groups can be configured for saving PTRS overhead [8]. According to this mechanism, extra explicit signaling in DCI is not needed to dynamically inform UE the number of PTRS ports.
In addition, in case of transmission with single DM-RS port group, e.g., for multiple PDCCHs/PDSCHs transmission, only one DM-RS port groups is allowed for each TRP within coordinate set, two RS sets with the same RS indexes can be configured in each PQI state within DCI from corresponding TRPs for minimizing the number of DCI format.
[bookmark: _Ref489814990]Table 1 NR-PQI configuration
	PQI Parameters
	RS for PDSCH RE mapping
	NZP CSI-RS
	…
	PTRS

	ith parameter set
	DM-RS port group 1
	…
	CSI-RS index 1
	…
	PTRS port a

	
	DM-RS port group 2
	…
	CSI-RS index 2
	…
	PTRS port b



 
[bookmark: _Ref470541228]Figure 1 Illustration of the QCL configuration for the first DMRS port with multiple-stages
Besides, if multiple QCL assumptions are supported for target RS pairs, the DL signaling, e.g., RRC/MAC CE or DCI can be used to indicate the selected QCL assumption for RS pair in either semi-persistent or dynamic way. 
Proposal 4: Both hardcoded in spec and configuration via DL signalling should be supported for QCL indication in NR.
Proposal 5: The approach as proposed in alt 2 should be supported in NR for the gNB to configure QCL types among RSs via DL signalling (e.g., RRC/MAC CE or DCI)
Proposal 6: Multiple stages configuration (RRC, MAC-CE and DCI) of QCL among RSs should be supported in NR for both DL and UL.
Proposal 7: NR supports using PQI to indicate configured PTRS port index to UE. 
Conclusion 
In this contribution, the corresponding analysis related to QCL issues in NR has been conducted with the following proposals:

Proposal 1:  A UE should not assume that antenna port(s) transmitted on different BWP are QCL-ed by default (i.e. unless the UE is indicated), similar to the agreed by-default QCL assumption across CC.
Proposal 2: For the QCL indication across CCs/BWPs, the following QCL indication should be supported:
· QCL association between SS block and CSI-RS/TRS w.r.t e.g., Doppler shift and average delay can be indicated across CCs/BWPs 
· UE-assisted QCL association between RSs w.r.t spatial Rx parameter across CCs/BWPs should be supported.
Proposal 3: The following QCL associations should be supported in NR:
· SS and CS-RS port for BM can be assumed to be QCLed
· w.r.t Doppler shift, average delay 
· w.r.t Doppler shift, average delay and spatial Rx parameters
· SS and DM-RS port can be assumed to be QCLed
· w.r.t Doppler shift, average delay and spatial Rx parameter
· CSI-RS port and SRS port can be assumed to be QCLed w.r.t spatial Rx parameter.
· CSI-RS ports across different resources can be assumed to be QCLed:
· w.r.t spatial Doppler spread and Doppler shift 
· w.r.t spatial Rx parameter

Proposal 4: Both hardcoded in spec and configuration via DL signalling should be supported for QCL indication in NR.
Proposal 5: The approach as proposed in alt 2 should be supported in NR for the gNB to configure QCL types among RSs via DL signalling (e.g., RRC/MAC CE or DCI)
Proposal 6: Multiple stages configuration (RRC, MAC-CE and DCI) of QCL among RSs should be supported in NR for both DL and UL.
Proposal 7: NR supports using PQI to indicate configured PTRS port index to UE. 
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