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1 Introduction
This contribution discusses the remaining issues on the following topics related to QCL:
· QCL types 
· QCL indications for BM
· [bookmark: _GoBack]Inter-carrier/BWP QCL 

2 QCL Parameters
Multiple QCL parameter set can be considered according to the use cases and characteristics of the CSI-RS. Example use cases and corresponding QCL parameter sets are shown below. Below, a unit resource refers to one of a port group, a CSI-RS resource, or a resource setting. 
· Case 1: CSI-RS ports in a CSI-RS resource or a resource setting are transmitted similarly to LTE CRS to cover the whole cell area with sectorization beams, and also provide time/frequency resolution. In this case, the CSI-RS can be configured as a QCL RS for all the DMRS ports corresponding to PDSCH/PDCCH in QCL parameter set 1, that is, {Doppler Spread, Doppler Shift, average gain, average delay, delay spread}. 
· Case 2: CSI-RS ports in a unit resource is transmitted in a wideband manner, and similarly to LTE CoMP scenario 4, the CSI-RS port-beam pattern of each unit resource covers a virtual sector or a TRP. These CSI-RS ports in the unit resource can be used for delay and gain parameter estimation. Hence, the unit resource can be configured as a QCL RS for all the DMRS ports in a DMRS port group corresponding to PDSCH or all the DMRS corresponding to a PDCCH in QCL parameter set 2, that is, {average gain, average delay, delay spread}.
· Case 3: CSI-RS ports in a unit resource is transmitted periodically or semi-persistently; or with high time-domain density. These CSI-RS may also be transmitted in an SFN manner from all the TRPs corresponding to a cell, similarly to Rel-10 LTE CoMP scenario 4. This CSI-RS unit resource can be used for Doppler parameter estimation. Hence, the unit resource can be configured as a QCL RS for all the DMRS ports in a DMRS port group corresponding to PDSCH or all the DMRS corresponding to a PDCCH in QCL parameter set 3, that is, {Doppler spread and Doppler shift}.
· Case 4: CSI-RS ports in a unit resource is directionally beamformed with a narrower coverage than the cell coverage, especially in coverage limited scenarios, e.g., 30GHz carrier frequency operation. In this case, UE Rx beamforming may also be applied, and a beam-pair links (BPL) need to be established between TRP Tx and UE Rx beams, in which UE keeps track of an Rx beam (or Rx beam set) corresponding to the unit resource TRP Tx beam. The CSI-RS ports in a unit resource can be provided for UE’s estimating QCL parameter set 4, that is, {spatial QCL parameters}. The spatial QCL parameters can be used for UE’s deriving Rx beam sets, and the unit resource can be indicated to the UE for PDSCH/PDCCH demodulation or beam refinement relying on another CSI-RS. 
Proposal 1: 
· At least the following QCL parameter sets are supported in NR:
· Set 1 = {average gain, and average delay, delay spread}
· Set 2 = {Doppler Spread, Doppler Shift}
· Set 3 = {Spatial parameters}
· A CSI-RS unit resource can be configured as a QCL RS for PDSCH/PDCCH demodulation in one or more QCL parameter sets. 
· Separate CSI-RS unit resources can be configured for different QCL parameter sets. 
· For QCL parameter set 2, periodic/semi-persistent/high-time-density CSI-RS should be configured. 
· For QCL parameter set 3, wideband/sufficient-frequency-density CSI-RS should be configured
3 QCL Types 
In RAN1#NR-AH3, the following agreements were made on the QCL types. This section discusses the FFS points from the agreements. 
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.

Given that the second bullet agreement is for single TRP case only, the use case of Type B is not clear. 
In legacy LTE, wide-beam CRS has been provided as a QCL reference for narrow beam DMRS. The underlying assumption there was that the DMRS beam is constructed with applying weights on CRS antenna ports with a wide element beam. The same assumption seems to be applicable to NR in single TRP case. Hence, no issues are anticipated to allow QCL relation between widebeam CSI-RS and narrow-beam DMRS, and QCL relation between widebeam TRS and narrow beam CSI-RS. 
Observation 1: Introduction of Type B is not necessary for the single TRP case. 
Observation 2: No issues are anticipated to define QCL relation between widebeam CSI-RS and narrow-beam DMRS, and QCL relation between widebeam TRS and narrow beam CSI-RS.
For the above 6GHz operation, discussion in Section 3 is applicable. 
Another issue is related to the CSI estimation using NZP and ZP CSI-RS. Similar to LTE, NZP CSI-RS and ZP CSI-RS are used for channel and interference measurements in NR. For above6GHz systems in which UE Rx beamforming is applied, it seems necessary for the network and UE to have the same understanding on the UE Rx beamforming for the channel and interference measurement. During the UE’s PDSCH reception, the channel and interference will be received with the same Rx beamforming. Hence, it seems necessary that the CSI is also derived with the same Rx beamforming for both NZP CSI-RS and ZP-CSI-RS. As Rx beamforming related procedure has been described using spatial QCL, the UE behaviour to use the same Rx beamforming for NZP CSI-RS and ZP-CSI-RS may also be described using the spatial QCL. However, as ZP CSI-RS was not associated with antenna port in the legacy specifications, the way of describing this UE behaviour may need to be further discussed. 
Proposal 2: Antenna port(s) of NZP CSI-RS can be QCL-ed with ZP CSI-RS w.r.t. {spatial Rx parameters}
· Note: This is for making UE to estimate channel and interference using the same Rx beam
4 QCL Indications for beam management 
The QCL framework for NR is fairly general. In terms of difference between the sub-6GHz operation and the mmWave band operation, the only difference in terms of the framework is that the mmWave operation will involve beamforming so that a UE capable of adapting its RX beam will additionally need to be configured with spatial QCL parameters conveying it the information to derive its Rx beam for reception of its PDSCH/PDCCH signals. 
Based on agreements in RAN1 #90 and NR-AH #3, the QCL reference, including spatial Rx parameters, for beam indication for PDSCH and PDCCH is provided via a framework consisting of one or more so-called Transmission Configuration Indicator (TCI) states. Per this framework, RRC configures a set of M >= 1 candidate TCI states [maximum M is FFS} where each TCI state contains a reference to an RS Set comprising one or more DL RS index(-es), for purposes of providing QCL reference for demodulation of PDSCH or PDCCH. 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. 
To compress the signalling of which QCL parameters are provided by each DL RS index, as suggested in Proposal 2, the RRC configuration of TCI could indicate one of the three parameter sets ({Average gain, Delay Spread, Average Delay}, {Doppler Spread, Doppler Shift}, {Spatial RX parameter}). For mid-band operation, the Spatial Rx parameter set may not be needed for purposes of PDSCH and PDCCH demodulation.
For PDCCH reception, the configuration of QCL reference is performed via signalling of an association of either a CORESET or Search Space to a TCI state. The RS Set linked to the TCI state will provide the QCL reference for the PDCCH. It has been agreed that the configuration of PDCCH beam indication will be performed via RRC/RRC + MAC-CE signalling and the need for DCI signalling is FFS.
NR will support dynamic beam indication for PDSCH. To facilitate such a functionality, the downlink DCI will provide an index into one of the M (or a subset of M) RRC configured TCI states, so that the UE can determine which QCL reference should be employed for demodulation of the associated PDSCH. 
Our proposals in terms of QCL indications for beam management can be summarized below. Please refer to [3] for details:
Proposal 3: The RRC configuration of TCI states can associate a TCI state with one RS set consisting of a set of DL RS index (-es) where each DL RS index corresponds to either a SSB or P/SP CSI-RS resource. 
Proposal 4: RRC based association of TCI states to a DL RS index corresponding to a AP CSI-RS resource is not supported.
Proposal 5: The RRC linkage between a TCI state to a DL RS index, within the RS set, also consists of the QCL types is provided by that DL RS index. The QCL type indication is provided by a  3-bit bitmap conveying which of the 3 QCL parameter sets ({Average gain, Delay Spread, Average Delay}, {Doppler Spread, Doppler Shift}, {Spatial Rx}) is associated with that DL RS index. 
Proposal 6: The association of a TCI state to an AP CSI-RS resource can be provided via subsequent update mechanism. The update mechanism is based on at least explicit signalling (e.g. MAC-CE based). 
4.1 Implicit update activation/deactivation of TCI state
In NR, semi-persistent CSI-RS transmission is supported to provide flexibility and reduce CSI-RS overhead via dynamic activation and deactivation of CSI-RS. Considering activation and deactivation of semi-persistent CSI-RS, signalling of QCL via TCI field should be designed. Figure 1 shows proposed UE operation with TCI when UE is configured with multiple semi-persistent CSI-RS resources. 

[image: ]
Figure 1. UE operation with multiple semi-persistent CSI-RS resources

As shown in Figure 1, only few CSI-RS resources can be activated among multiple semi-persistent CSI-RS resources which are configured to UE. In this case, UE can consider only activated CSI-RS resources are QCL’ed in a set of parameters. This operation can provide dynamic change of transmission scheme as well as DCI overhead reduction. For example, gNB may deactivate one of semi-persistent CSI-RS according when data transmission from the TRP which transmits the semi-persistent CSI-RS. In this case, the TCI field which indicates the semi-persistent CSI-RS is not useful anymore. Moreover, gNB has to configure another TCI fields with newly activated semi-persistent CSI-RS resources to support PDSCH transmission from other TRP or TRPs. However, if we support QCL operation with only activated CSI-RS resources, RRC reconfiguration for PDSCH transmission can be reduced and dynamic change of transmission scheme based on CSI-RS activation/deactivation can be supported. 

Proposal 7: UE can be configured that all the antenna ports within a “unit resource” are QCL’ed in a set of parameters; and the antenna ports across different unit resources are not QCL’ed in the set of parameters. 
· If multiple semi-persistent CSI-RS resources are configured in a “unit resource”, only activated CSI-RS resources are QCL’ed in a set of parameters.
The “unit resource” can be configured among (1) a port group (one or more ports in a group); (2) a CSI-RS resource; and (3) a CSI-RS resource set. 
5 Inter-carrier/BWP QCL
In NR RAN1 meeting, the following agreement on inter-carrier/BWP QCL assumption was made. This section discusses remaining issues related to inter-carrier/BWP QCL configuration.
	Agreements (RAN1 NR AH#2):
· 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

Agreements (RAN1 NR AH#3):
· 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)
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QCL association across SS blocks in frequency domain
Since a SS block can have only one antenna port, up to L QCL references can be supported if there is only a single SS block transmission in frequency domain, where L = 64 in above 6 GHz NR. To make the more QCL reference on SS blocks, we can further consider assigning different QCL references across multiple SS blocks in frequency domain. However, it is not guaranteed that all UEs can monitor multiple SS blocks in frequency domain, and some of UEs may be only capable of monitoring single SS block in frequency domain. Therefore, total number of QCL references should be limited to L for all UEs, but the required monitoring duration may be different with respect to the capability of measurements in frequency domain. If a UE can monitor M SS blocks in frequency domain, then it can have M times shorter monitoring duration compared to the other UE which can monitor only one SS block in frequency domain.
To facilitate this aspect, NR can provide information of QCL association across SS blocks in frequency domain as shown in Table 1. If two SS blocks having the same QCL index, UE can have the same QCL assumption on those SS blocks. For example in Table 1, SS block with index 0 at frequency location 1 is associated with the QCL index 0 which is also associated with the SS block with index 4 at frequency location 2. Based on this association in Table 1, a UE can monitor all QCL references indexed by 0, 1, …, 7 by monitoring SS block index 0 to 3 in both frequency locations. Thanks to the shorted measurement duration, this UE can apply different RX beams for SS block index 4 to 7 to find its best Rx beam for the preferred SS block, which can eventually reduce the latency on P1 procedure at least for UEs having the capability of measurements on multiple SS blocks in frequency domain.
Table 1. QCL association across SS blocks in frequency domain
	SS block index
	0
	1
	2
	3
	4
	5
	6
	7

	QCL index for SS blocks at frequency location 1
	0
	1
	2
	3
	4
	5
	6
	7

	QCL index for SS blocks at frequency location 2
	4
	5
	6
	7
	0
	1
	2
	3



Proposal 8: Support configuration of at least spatial QCL relation between a SS block and another SS block for beam management where the QCLed SS blocks are transmitted in different frequency locations
· Note: Source and target SS blocks can be transmitted within the bandwidth of a wideband carrier or transmitted in different carriers.
4.2 Inter-carrier QCL
In NR, it is expected that supporting CA is an essential feature to facilitate downlink and uplink transmission over different channel bandwidths. NR should support flexible CA framework which includes aggregation of CCs in same band (intra-band CA) and CCs in different bands (inter-band CA). For CCs within intra-band CA, both single RF and multiple RF can be implemented for a device (e.g. UE) [1]. In general, single RF is implemented to support transmission and reception of CCs within intra-band CA [2]. From the perspective of UE, the implementation of single RF for supporting intra-band CA can reduce UE’s complexity and cost. For the frequency bands above 6GHz, a RF can form only one analog beam at a time. Therefore, same analog beam should be applied over CCs when single RF is supported for intra-band CA. In this case, it may be beneficial to apply cross-carrier beam management where spatial QCL is assumed between antenna ports in different CCs. Moreover, the cross-carrier beam management enables to avoid individual beam management over CCs, so that resource overhead required for RS transmission and beam reporting during beam management procedure can be reduced. 
When different CCs are close to each other and transmitted by the same RF, the spatial channel property across CCs could be similar. In this case, common beam can be used for the CCs, since the selected beams of the CCs are same or similar. Therefore, beam management procedure for the CCs can be simplified and performed only on one CC. Then, the selected beam of one CC can be reused for the other CCs by assuming spatial QCL between antenna ports of CCs.
Proposal 9: At least for intra-band CA, NR supports cross-carrier beam management which assumes spatial QCL between antenna ports in different CCs.
In RAN1 NR AH#2 and AH#3, it has been agreed to support inter-carrier QCL assumption. However, more details need to be discussed, such as which QCL parameters are supported for the inter-carrier QCL configuration. As discussed above, for supporting single RF implementation across CCs and reducing resource overhead caused by beam management, at least spatial QCL parameter should be supported for inter-carrier QCL configuration.
Proposal 10: At least spatial QCL parameter should be supported for inter-carrier QCL configuration.
When source and target RSs in different CCs are QCL configured, UE should know information of reference CC where source RS is transmitted. For UE to know such information, an index of reference CC should be indicated to the QCL configured CCs, and the indication could be included in RRC configuration of each CC. From the RRC configuration of each CC, UE can assume that the target RS of corresponding CC is QCL configured with the source RS of reference CC. For example, if result of beam management of CC1 is also applied to CC2, gNB indicates the index of CC1 through RRC configuration of CC2. Then, UE can recognize that RS ID (e.g. CRI) indicated by beam indication is associated with source RS of CC1, and apply corresponding beam for transmission and reception.
Proposal 11: NR supports indication of reference CC index by RRC configuration of QCL configured CCs.
For overall CA framework including intra-band CA and inter-band CA, NR should basically support independent beam management for each of CCs where spatial QCL is not assumed between antenna ports in different CCs. Although gNB or UE has single RF for intra-band CA, gNB can acquire each preferred beams from the CCs and select common beam for transmission and reception of the CCs within intra-band CA. When gNB chooses either cross-carrier beam management or independent beam management for intra-band CA, the gNB should consider whether gNB and UE support only single RF or not for intra-band CA. As mentioned above, the RF implementation type of a device affects capability of simultaneous beamforming across intra-band CCs which should be taken into account by gNB before choosing beam management option for intra-band CA. Therefore, UE should report its capability of simultaneous beamforming across intra-band CCs which can be included in UE capability information.
Proposal 12: UE should report its capability of simultaneous beamforming across intra-band CCs.
4.3 Inter-BWP QCL
A UE may be configured with multiple BWPs. In these BWP, some of them may have SS and some may not. Along similar lines, a UE may be configured with CSI-RS across these BWP. Under such cases, some relationship may need to be indicated to the user about how to rely on measurements done on one BWP and use it on another BWP (as it may reduce UE measurement overhead). This is helpful for the case wherein a UE doesn’t have to scan for all SS blocks on all BWP and similarly may not have to be configured to monitor CSI-RS on BWPs which have QCL’ed CSI-RS.  In addition, if two BWPs are QCLed, the UE can perform channel estimation, measurements for beam management and/or mobility much faster by exploiting large-scaler properties. This QCL information across BWPs may be indicated to the UE either during the RRC configuration of the BWPs or only when a BWP is activated. Similarly, for DMRS used in a given BWP, the QCL RS is signalled per BWP during RRC configuration of the BWP or during the BWP activation. UE can be configured to assume that all the SS blocks/ CSI-RS in different BWPs but within a “unit resource” (such as same port, for example) are QCL’ed in a set of parameters such as spatial/gain/delay/Doppler parameters, else it is not. 
Proposal 13: NR supports to indicate QCL relationships between different BWPs which are configured to the UE.
6 Conclusion
This contribution has made the following proposals:

Proposal 1: 
· At least the following QCL parameter sets are supported in NR:
· Set 1 = {average gain, and average delay, delay spread}
· Set 2 = {Doppler Spread, Doppler Shift}
· Set 3 = {Spatial parameters}
· A CSI-RS unit resource can be configured as a QCL RS for PDSCH/PDCCH demodulation in one or more QCL parameter sets. 
· Separate CSI-RS unit resources can be configured for different QCL parameter sets. 
· For QCL parameter set 2, periodic/semi-persistent/high-time-density CSI-RS should be configured. 
· For QCL parameter set 3, wideband/sufficient-frequency-density CSI-RS should be configured
Proposal 2: Antenna port(s) of NZP CSI-RS can be QCL-ed with ZP CSI-RS w.r.t. {spatial Rx parameters}
· Note: This is for making UE to estimate channel and interference using the same Rx beam
Proposal 3: The RRC configuration of TCI states can associate a TCI state with one RS set consisting of a set of DL RS index (-es) where each DL RS index corresponds to either a SSB or P/SP CSI-RS resource. 
Proposal 4: RRC based association of TCI states to a DL RS index corresponding to a AP CSI-RS resource is not supported.
Proposal 5: The RRC linkage between a TCI state to a DL RS index, within the RS set, also consists of the QCL types is provided by that DL RS index. The QCL type indication is provided by a  3-bit bitmap conveying which of the 3 QCL parameter sets ({Average gain, Delay Spread, Average Delay}, {Doppler Spread, Doppler Shift}, {Spatial Rx}) is associated with that DL RS index. 
Proposal 6: The association of a TCI state to an AP CSI-RS resource can be provided via subsequent update mechanism. The update mechanism is based on at least explicit signalling (e.g. MAC-CE based). 
Proposal 7: UE can be configured that all the antenna ports within a “unit resource” are QCL’ed in a set of parameters; and the antenna ports across different unit resources are not QCL’ed in the set of parameters. 
· If multiple semi-persistent CSI-RS resources are configured in a “unit resource”, only activated CSI-RS resources are QCL’ed in a set of parameters.
The “unit resource” can be configured among (1) a port group (one or more ports in a group); (2) a CSI-RS resource; and (3) a CSI-RS resource set. 
Proposal 8: Support configuration of at least spatial QCL relation between a SS block and another SS block for beam management where the QCLed SS blocks are transmitted in different frequency locations
· Note: Source and target SS blocks can be transmitted within the bandwidth of a wideband carrier or transmitted in different carriers.
Proposal 9: At least for intra-band CA, NR supports cross-carrier beam management which assumes spatial QCL between antenna ports in different CCs.
Proposal 10: At least spatial QCL parameter should be supported for inter-carrier QCL configuration.
Proposal 11: NR supports indication of reference CC index by RRC configuration of QCL configured CCs.
Proposal 12: UE should report its capability of simultaneous beamforming across intra-band CCs.
Proposal 13: NR supports to indicate QCL relationships between different BWPs which are configured to the UE.
References
[1] 3GPP, TR 36.807 v10.0.0, User Equipment (UE) radio transmission and reception
[2] J. Kim, B. H. Ku, S. Lee, S. Kim, and K. Ryu, “High performance receiver design for RX carrier aggregation”, Journal of low power electronics and applications, May 2017
[3] R1-1717605, On beam management, measurement and reporting, Samsung

image1.png
PDSCH

TRP 1 TRP 2

- Activated CSI-RS resource

Deactivated CSI-RS resource

S

Semi-

persistent
CSI-RS #N

TRP 3





