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1 Introduction
In RAN1 #89 meeting, it was agreed that,

· 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
In RAN1 NR ad-hoc#2 meeting, it was agreed that,
From UE perspective, frequency domain CDMed DMRS ports are QCLed.
For QCL, NR supports:

At least one or two DM-RS antenna port groups per PDSCH 

FFS other number of groups

In RAN1 AH NR#3 meeting, it was agreed that,
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

· 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.
The QCL configuration for PDCCH contains the information which provides a reference to a TCI state

· Alt 1: The QCL configuration/indication is on a per CORESET basis

· The UE applies the QCL assumption on the associated CORESET monitoring occasions. All search space(s) within the CORESET utilize the same QCL.

· Alt 2: The QCL configuration/indication is on a per search space basis

· The UE applies the QCL assumption on an associated search space. This could mean that in the case where there are multiple search spaces within a CORESET, the UE may be configured with different QCL assumptions for different search spaces.

· Note: The indication of QCL configuration is done by RRC or RRC + MAC CE (FFS: by DCI)

· For QCL indication for PDSCH:

· When TCI states are used for QCL indication, the UE receives an N-bit TCI field in DCI

· The UE assumes that the PDSCH DMRS is QCL with the DL RS(s) in the RS Set corresponding to the signaled TCI state

· FFS: whether or not a QCL type is configured, configuration details are for further study

·  Whether or not the TCI field is always present in a given DL-related DCI is FFS

· FFS: Whether or not the TCI field is in the same DCI as that containing the PDSCH scheduling assignment

· FFS: Timing between when the UE receives a QCL configuration/indication and the first time that the QCL assumption may be applied for demodulation of PDSCH or PDCCH
In this contribution, we’ll discuss the remaining details on QCL, including QCL assumptions for CSI-RS, DMRS and SRS/UL DMRS within the same component carrier (CC), and QCL assumptions across CCs.
2 Discussion on remaining issues for QCL
2.1 QCL assumption for CSI-RS resources

In the last meeting, it is agreed that CSI-RS ports within a CSI-RS resource have at least two types of QCL assumptions: 1) QCL-ed w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters  2) non-QCLed (e.g. for beam selection based on beamformed CSI-RS codebook).  While CSI-RS resources satisfying 2) could be used for beam management, CSI-RS resources satisfying 1) are generally used for CSI acquisition.  

We think for the CSI-RS resource with beamformed CSI-RS ports used for beam management, PMI feedback corresponding to the codebook for beamformed CSI-RS could be used to indicate the beams/ antenna ports. Thus, it is not related with QCL issues and the specification impact of 2) should be clarified more clearly.
2.2 QCL assumption for uplink SRS/UL DMRS
In uplink, spatial QCL indication can be used to indicate uplink transmitting beams. For example, when beam correspondence holds, the gNB can indicate QCL relationship between DL beam management RS and SRS; or when beam correspondence doesn’t hold, the gNB can indicate the QCL relationship between a former SRS and current scheduled SRS. To further assist uplink transmitting beamforming, QCL indication can be established for PUSCH/PUCCH DMRSs and SRS.
Proposal 1: Support spatial QCL indication of SRS and SRS/PUSCH DMRS/ PUCCH DMRS for uplink beam management.
2.3 QCL assumptions for DMRS
In the following, we give discussion on DMRS port grouping principles and related signaling method of QCL indication.
2.3.1 DMRS port grouping principle
Code division multiplexing (CDM) for different DMRS port groups is not very suitable, since the channel estimation performance may not be guaranteed when different DMRS ports are non-QCLed. This is because the receiver needs to do the de-spreading firstly which has strict time-frequency synchronization requirement. Unlike the case of UL RS transmission where TA adjustment and power control could provide synchronization and power compensation, the orthogonality among different DL DMRS ports that experience different delay spread or average delay is destroyed. What’s more, as the average gain of DMRS ports from different TRPs/panels may be imbalance, the near-far effect will further deteriorates the performance of channel estimation. 
Observation 1: DMRS ports grouping should be robust for channel estimation performance of UE taking timing error and frequency error into account.
To provide the orthogonality, different DMRS port groups could occupy different time and frequency resource, e.g., through TDM or FDM manner. In this way, UE can do the channel estimation within different symbols or subcarriers independently for DMRS ports in different groups. In NR ad-hoc #2, it is agreed that frequency domain CDMed DMRS ports are QCLed. Thus, we have the following proposal:
Proposal 2: Time domain CDM-ed DMRS ports should be QCL-ed.
2.3.2 Signaling of QCL indication

In NR ad-hoc#2, it is agreed that at least one or two DM-RS port groups should be supported per PDSCH. In our view, the total number of DMRS port groups supported for one UE in NR should be at least 3 (or 4) to support non-coherent JT of multiple TRPs equipped with multiple panels. In this case, each panel may correspond to one DMRS port group, resulting in each TRP corresponding to multiple DMRS port groups. Moreover, port group information could be configurable semi-persistently through RRC signalling, including e.g., the port index in each port group, the number of port groups or the port group index, etc. This allows more flexible port grouping to be adapted to more scenarios. 
Besides that, to support the DPS scheduling or joint DPS and NCJT, the scheduling result is uncertain. DCI signaling could be used to indicate which port groups are used and the QCL relationship of CSI-RS ports and scheduled DMRS group, in order to improve the performance of channel estimation based on DMRS/CSI-RS. For example, suppose two DMRS port groups are configured to UE. According to the scheduling results, the DMRS port group used for data transmission and corresponding CSI-RS resource used to help the channel estimation are indicated through the DCI. Table 1 shows an example. The parameter set could be configured by RRC signaling involving the QCL-ed RS sets and associated QCL parameters for DMRS port groups.
Table 1. An example of QCL indication through DCI
	DCI field
	Transmitted TRP (s)
	DMRS port group and corresponding CSI-RS resource

	‘00’
	TRP #0
	Parameter set for DMRS Port group 0 

	‘01’
	TRP #1
	Parameter set for DMRS Port group 1

	‘10’
	TRP #2
	Parameter set for DMRS Port group 2

	‘10’
	TRP #0 + TRP #1
	Parameter set 1 for DMRS Port group 0

, 1, 2

	‘11’
	TRP #0 + TRP #1
	Parameter set 2 for DMRS Port group 0

, 1, 2 

	…
	…
	…


Proposal 3: For DMRS port grouping,

1) at least 3 (and up to 4) DMRS port group should be supported for a UE in NR, 

2) RRC signalling should be used to indicate the port group information, e.g., the port index in each port group, the number of port group or the port group index, etc.
DMRS ports to layer mapping would also be affected by DMRS port grouping. One possible approach is to indicate index of DMRS groups and layer numbers. For single PDCCH based NCJT, the port index in both DMRS group 1 and DMRS group 2 should be indicated in the DCI. On the other hand, for multiple PDCCH based NCJT, each DCI need to contain only one DMRS group index so that UE could distinguish the DMRS ports of PDSCH from different TRPs.      
For QCL indication of PDCCH, it has two options in the last meeting: Option 1) The QCL configuration/indication is on a per CORESET basis. Option 2) The QCL configuration/indication is on a per search space basis. In our view, different search spaces/PDCCH candidate sets could have different QCL assumptions considering multi-beam transmission and/or multi-TRP transmission. In consideration of forward capability, multiple QCL assumptions within a single CORESET can be configured to UE. For example, each search spaces/PDCCH candidate sets can be indicated with a TCI state. Before RRC configuration, the QCL-ed reference of DMRS for PDCCH could be SSB. After RRC configuration, the QCL-ed reference signal of DMRS could be CSI-RS/TRS.
Proposal 4: Multiple QCL assumption for PDCCH DMRS within a CORESET should be supported.
2.3.3 TCI configuration and signaling
For channel estimation and demodulation, the QCL assumption(s) related to time and frequency tracking parameters were agreed in sub6G.  QCL assumption for TRS, CSI-RS (for CSI acquisition), and DMRS with QCL type A were agreed and type B FFS. In our view, the assumption of TRS and CSI-RS for CSI acquisition [Doppler shift, Doppler spread] is only used for the case that TRS is transmitted in SFN behavior from multiple TRPs. In this scenario, only power gain is acquired and multiple timing may not be necessary. Thus type B behavior is not needed and  type A behavior is enough. 
Note that the RS set is associated with one DMRS group. For multiple TRP transmission, more than one RS sets should be indicated to the UE, each of which is associated with different DMRS groups. One or two RS subsets are needed within one RS set, each corresponds to one of the reference signal, e.g. , TRS, CSI-RS, etc. The same RS configuration may appear in the two subsets, e.g. CSI-RS for beam management and CSI acquisition. For higher frequency bands, the two RS sub-sets should be clearly configured of the QCL intention: time/frequency tracking and spatial filtering. Since TRS with higher density is enough for time and frequency tracking, we do not need to introduce other RS (e.g., PTRS) for the tracking functionality. 
Proposal 5: If one RS set comprise of more than one RS associated with different QCL parameters,
1) the RS (pairs) in each subset is configured in RRC signaling,
2) the QCL type/parameter(s) for each subset is configured in RRC signaling.
3 QCL assumptions across CC

It is agreed in RAN1 ad-hoc #2 that spatial QCL relationship can be built across CCs and bandwidth parts. We give further analysis on this issue in this section. When different CCs are co-located, the spatial channel property could be similar for the CCs if carrier frequency is close and transmitted on the same RF chains.  In this case, spatial QCL can be utilized and QCL CC groups could be specified and indicated to UE, which could be in a predefined manner or configurable when the carriers is activated.
For the CCs using the same RF chains at both BS and UE side, the predefined QCL CC group could be used. For example, the existing timing advance groups (TAG) for the CCs can be exploited for QCL grouping and spatial QCL could be indicated across the CCs within one TAG, since the channel property in the beam domain could be partially reflected by the propagation delays. For example, gNB may indicate DMRS/CSI-RS ports of CCs within one TAG spatial QCL-ed with respect to CSI-RS/SS block of the reference CC. With this solution, the beam management procedure for multi-CC scenario would be greatly simplified and the overhead can be reduced.
If the CCs using different RF chain or the UE may be placed in NLOS scenario [1], the QCL relationship between different CCs is not straightforward and it may be necessary to configure the QCL group for each activated carriers. In this case, UE feedback could be used to assist spatial QCL CC grouping. For example, UE may report a set of CSI-RS resource ID and their corresponding RSRP for each of the CC, and BS could compare the beam quality of different CCs according to the reporting and then configure the QCL group for each activated carrier.  Another possible approach is that UE reports a few of bits to justify whether the CCs is within one QCL group, according to e.g. whether the CCs are received through same or different RF chains.
Proposal 6: Support spatial QCL CC grouping, which could be either in a predefined manner or configurable when the carriers is activated.
4 Conclusions
In this contribution, we first discuss large scale channel property tracking and indication mechanism for QCL, then gives some general views on how the new spatial QCL parameters could be used in NR.  At last, possible indication method of the QCL parameters is discussed. Our proposals are summarize in the following:
Observation 1: DMRS ports grouping should be robust for channel estimation performance of UE taking timing error and frequency error into account.
Proposal 1: Support spatial QCL indication of SRS and SRS/PUSCH DMRS/ PUCCH DMRS for uplink beam management.
Proposal 2: Time domain CDM-ed DMRS ports should be QCL-ed.

Proposal 3: For DMRS port grouping,

1) at least 3 (and up to 4) DMRS port group should be supported for a UE in NR, 

2) RRC signalling should be used to indicate the port group information, e.g., the port index in each port group, the number of port group or the port group index, etc.

Proposal 4: Multiple QCL assumption for PDCCH DMRS within a CORESET should be supported.

Proposal 5: If one RS set comprise of more than one RS associated with different QCL parameters,
1) the RS (pairs) in each subset is configured in RRC signaling,
2) the QCL type/parameter(s) for each subset is configured in RRC signaling.
Proposal 6: Support spatial QCL CC grouping, which could be either in a predefined manner or configurable when the carriers is activated.
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