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1 Introduction
In 3GPP TSG RAN WG1 NR Ad-Hoc#2, the following agreement was made on QCL for NR [1]:
	Agreements:

· 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 we provide our views on some of the remaining issues of QCL support in NR, focusing on QCL for DM-RS antenna ports, QCL for CSI-RS antenna ports and QCL for antenna port on different carriers.
2 QCL for DM-RS antenna port groups
LTE for NC-JT, supports DM-RS antenna port grouping based on the association of the MIMO layers, transmitted on the DM-RS antenna ports, with codeword (CW). In NR, due to support of the single CW, LTE based approach of DM-RS antenna port grouping is not suitable at least for SU-MIMO transmission with up to 4 MIMO layers and new mechanism for DM-RS antenna port grouping should be considered. More specifically, for the DL transmission with up to 4 MIMO layers, the UE should be provided with the assumption on the DM-RS antenna port splitting in DM-RS antenna port groups. For example, for DM-RS antenna ports A, B, C, D, scheduled for PDSCH transmission, a pre-determined DM-RS antenna port grouping rule can be defined, where the DM-RS antenna port grouping only depends on the total number of MIMO layers scheduled to the UE, e.g. as shown in the table below:

	Number of MIMO layers
	DM-RS antenna ports in each group

	2
	1st group {A}

2nd group {B}

	3
	1st group {A}

2nd group {B,C}

	4
	1st group {A,B}

2nd group {C,D}


Proposal:

· NR supports at most two DM-RS antenna port groups, where DM-RS antenna port grouping is predetermined in the specification and depends on the total number of MIMO layers scheduled for the UE

To facilitate flexible multi-TRP transmission, including transmission from single TRP, NR should support configuration of QCL with other reference signals for each of the DM-RS antenna port group. In particular RRC signalling should support configuration of the multiple sets of QCL parameters (e.g. 4), where each set should include two identities of the reference signal suitable for fine time-frequency tracking (e.g. CSI-RS) and beam management (e.g. BM CSI-RS). Each configured ID of the reference signal should correspond to the 1st or 2nd DM-RS antenna port groups. 
The configuration of QCL sets should also support configuration of the single reference signal ID. In this case, UE should assume the configured reference signal ID is applicable to both DM-RS antenna port groups. Such configuration is required to enable fallback mode operation to a single TRP where all MIMO layers and corresponding DM-RS antenna ports are QCL-ed with each other. 

For the PDSCH scheduling, TRP can dynamically indicate to the UE one of the configured QCL parameter set corresponding to the scheduling decision. The example of the QCL sets configuration for the case of two coordinating TRPs transmitting reference signals with ID1 and ID2 is shown in table below 

	QCL set
	Reference signal IDs for DM-RS groups

	1
	CSI-RS ID1
SS/PBCH block ID1

	2
	CSI-RS ID2
SS/PBCH block ID2

	3
	CSI-RS ID1, CSI-RS ID2
SS/PBCH block ID1, SS/PBCH block ID2 

	4
	CSI-RS ID3, CSI-RS ID2
SS/PBCH block ID3, SS/PBCH block ID1


It can be seen that QCL sets 1-2 corresponds to the single TPR transmission, while QCL sets 3-4 for NC-JT.

As special case, UE should support non-CoMP operation, where antenna ports of DM-RS are QCL-ed with antenna ports of the CSI-RS resource(s) wrt to all parameters.

Proposal:
· For 1st and 2nd DM-RS antenna port groups, NR supports configuration of the multiple QCL parameter sets configured for the UE using higher layer signalling, where the actual QCL set used for PDSCH processing is indicated in DCI

· Each QCL set for DM-RS antenna ports can be configured with the following parameters
· Up to two IDs of the CSI-RS resource for QCL-ion with DM-RS antenna ports group wrt average delay, delay spread, Doppler shift, Doppler spread

· Up to two IDs of the beam management CSI-RS resource indices for QCL-ion with DM-RS antenna ports group wrt spatial Rx parameters
· As special case, NR support non-CoMP operation, where all antenna ports of DM-RS are QCL-ed with antenna ports of the CSI-RS resource(s) wrt to all parameters.
3 QCL for CSI-RS antenna ports
As discussed in the previous section, CSI-RS can be used to assist DM-RS antenna ports processing. However, CSI-RS alone may not be suitable to assist some PDSCH processing procedures. For example, frequency offset tracking using CSI-RS is not efficient due to low density of CSI-RS in time domain. Moreover for CSI calculation some information related to Rx beamforming and synchronization should be known to the UE. To facilitate more efficient DM-RS processing and consistent CSI calculation QCL signalling for CSI antenna port should be considered. The QCL signalling should include indication of PBCH/SS block index with QCL-ion of the antenna ports wrt to all parameters, identity of CSI-RS resource for beam management for quasi co-location wrt to spatial Rx parameters and possibly identity of TRS resource for QCL-ion of antenna port wrt average delay, delay spread, Doppler shift, Doppler spread can be also considered.
Proposal:
· Each CSI-RS resource can be configured with the following parameters
· PBCH/SS block index for QCL-ion with CSI-RS antenna ports wrt average delay, delay spread, Doppler shift, Doppler spread
· ID of CSI-RS resource or PBCH/SS block index for QCL-ion with CSI-RS antenna ports wrt to spatial Rx parameters parameters
· FFS on TRS index for QCL-ion with CSI-RS antenna ports wrt average delay, delay spread, Doppler shift, Doppler spread
4 Cross-carrier QCL
Similar to LTE, it is expected that NR should be capable of supporting carrier aggregation feature to facilitate downlink and uplink transmission over channels with different bandwidths. The carrier aggregation framework in NR, should be flexible enough to support aggregation of the component carriers in different bands (inter-band CA) as well as component carriers in the same band (intra-band CA), where intra-band CA would be more common scenario for the carrier frequencies above 6GHz. 
In the scenarios with intra-band CA due to use of the same RF and antenna panels, it may be beneficial to consider QCL assumption between antenna ports transmitted on different CCs. The cross-carrier QCL for the antenna ports can reduce or avoid overhead associated with transmission of the beam management reference signals, synchronization reference signals, RRM measurement reference signals or other reference signals that provides the same or similar measurement results on the component carriers.
In general case NR should support independent beam management procedures on different component carriers. However, in practice for the frequency bands above 6GHz, due to use of the same RF and antenna panels, the selected analog beamforming is typically common for all aggregated component carriers. In addition, the set of the preferred analog beams should be the same across aggregated carriers within operating band that can be used to optimize beam management procedure. More specifically, the beam management procedure in CA case can be simplified and carried out only by the gNB and UE using only one component carrier. In this approach the set of the acquired beams can then be reused for the other component carriers by establishing the corresponding cross-carrier QCL assumptions for the antenna ports wrt to spatial domain QCL parameters of the channel. In the scenario where QCL on different CC is not established, gNB should not use cross-CC QCL indication and request UE to perform independent BM procedures.
Figure 1 illustrates the performance comparison of cross-carrier beam management and self-carrier beam management. For performance metric RSRP of the best beam acquired from the same and neighboring carrier are shown.
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Figure 1: RSRP distribution for best beam acquired using self-carrier BM and cross-carrier BM

It can be seen that there is almost no difference in the RSRP performance between two approaches for beam management. We also note almost the same beam management result in both approaches. 
Proposal:

· To support beam management procedure in NR, consider establishing QCL between antenna ports of the reference signals transmitted on different component carriers wrt to spatial QCL parameters of the channel
· DM-RS antenna ports can be QCL-ed with antenna ports of CSI-RS for beam management transmitted on the other carrier
· CSI-RS antenna ports can be QCL with antenna port of SS/PBCH block or CSI-RS for beam management transmitted on the other carrier
Similar optimizations can be introduced for the synchronization signals, where the acquired time and frequency offsets on one component carrier are valid for other component carriers. In this case the synchronization procedure can be simplified and carried out by the gNB and UE using only one component carrier. In this approach the acquired timing and frequency offsets can be reused for the other component carrier(s) by establishing the corresponding cross-carrier QCL assumptions for the antenna ports of the reference signals wrt to time and frequency domain QCL parameters of the channel. 
Proposal:

· To support synchronization procedures in NR, consider establishing QCL between antenna ports of the reference signals transmitted on different component carriers wrt to time and frequency QCL parameters of the channel (e.g. average delay, delay spread Doppler shift and Doppler offset) 
· CSI-RS antenna ports can be QCL-ed with antenna port of SS/PBCH block or TRS transmitted on the other component carrier
5 QCL for antenna ports of other RS
In RAN1#88bis it was agreed to support multiple beams on SS block. Therefore, some beam management procedure may be already possible using SS blocks, though at most 64 beam would be supported. It is, therefore, useful to reuse some of the acquired beam information from the antenna port of SS block in the following procedures. 

In particular, for the common control channel supporting transmission with beam sweeping, each repetition of the common control channel can be associated with one SS block wrt to spatial parameters. In this case, upon detection of the corresponding SS block, UE may be implicitly instructed regarding specific Rx beam to be used for monitoring of the corresponding repetition of the common control channel. 

We note that accurate time and frequency offset compensation on DM-RS antenna ports of the control channel may not be needed due to use of robust modulation schemes. Therefore. More study is needed, whether QCL of DM-RS antenna ports of PDCCH and other RS wrt to average delay, delay spread, Doppler shift, Doppler spread is needed

Proposal:
· Antenna port of SS block and antenna port of DM-RS of common control channel wrt to spatial parameters
· FFS whether antenna ports of PDCCH requires other RS for QCL-ion wrt average delay, delay spread, Doppler shift, Doppler spread
6 Summary

In this contribution we provide our views on QCL assumption for DM-RS antenna ports, CSI-RS antenna ports and antenna port on different carriers. Based on the discussion the following proposals were made:

· NR supports at most two DM-RS antenna port groups, where DM-RS antenna port grouping is predetermined in the specification and depends on the total number of MIMO layers scheduled for the UE

· For 1st and 2nd DM-RS antenna port groups, NR supports configuration of the multiple QCL parameter sets configured for the UE using higher layer signalling, where the actual QCL set used for PDSCH processing is indicated in DCI

· Each QCL set for DM-RS antenna ports can be configured with the following parameters

· Up to two IDs of the CSI-RS resource for QCL-ion with DM-RS antenna ports group wrt average delay, delay spread, Doppler shift, Doppler spread

· Up to two IDs of the beam management CSI-RS resource indices for QCL-ion with DM-RS antenna ports group wrt spatial Rx parameters
· As special case, NR support non-CoMP operation, where all antenna ports of DM-RS are QCL-ed with antenna ports of the CSI-RS resource(s) wrt to all parameters.
· Each CSI-RS resource can be configured with the following parameters

· PBCH/SS block index for QCL-ion with CSI-RS antenna ports wrt average delay, delay spread, Doppler shift, Doppler spread
· ID of CSI-RS resource or PBCH/SS block index for QCL-ion with CSI-RS antenna ports wrt to spatial Rx parameters
· FFS on TRS index for QCL-ion with CSI-RS antenna ports wrt average delay, delay spread, Doppler shift, Doppler spread
· To support beam management procedure in NR, consider establishing QCL between antenna ports of the reference signals transmitted on different component carriers wrt to spatial Rx parameters of the channel

· DM-RS antenna ports can be QCL-ed with antenna ports of CSI-RS for beam management transmitted on the other carrier

· CSI-RS antenna ports can be QCL with antenna port of SS/PBCH block or CSI-RS for beam management transmitted on the other carrier
· To support synchronization procedures in NR, consider establishing QCL between antenna ports of the reference signals transmitted on different component carriers wrt to time and frequency QCL parameters of the channel (e.g. average delay, delay spread Doppler shift and Doppler offset) 

· CSI-RS antenna ports can be QCL-ed with antenna port of SS/PBCH block or TRS transmitted on the other component carrier
· Antenna port of SS block and antenna port of DM-RS of common control channel wrt to spatial parameters

· FFS whether antenna ports of PDCCH requires other RS for QCL-ion wrt average delay, delay spread, Doppler shift, Doppler spread
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Appendix
	Scenario
	UMi

	Carrier frequency
	30GHz

	Number of carriers
	2

	Carrier bandwidth
	80MHz

	Subcarrier spacing
	60KHz

	Number of TRPs
	21

	UE distribution
	10 UE per TRP

	TRP antenna configuration
	(4, 8, 2, 2)

	Number of TRP beams
	48

	Number of TRP beams in horizontal
	10

	Number of TRP beams in vertical
	5

	UE antenna configuration
	(2, 4, 2, 2)

	Number of UE beams
	27 for each panel

	Number of UE beams in horizontal
	9

	Number of UE beams in vertical
	3
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