
3GPP TSG RAN WG1 Meeting #90bis





R1-1717821
Prague, Czech Rep, 9th – 13th October 2017
Source:
CATT

Title:
On QCL for NR

Agenda Item:
7.2.3.7
Document for: Discussion and decision
1. Introduction

In RAN1#NR_AH3, the following conclusions and agreements on QCL have been reached [1]:
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)

Agreements: 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.
Based on the agreements listed above, we discuss the remaining issues left open for QCL in NR in more details and present our consideration on QCL framework extension. 
2. Discussion on QCL for NR
1) QCL assumptions
For above 6GHz, to compensate severe propagation loss and ensure necessary coverage, all the physical channels and signals are expected to be transmitted with higher-gain beams. If so, TRS can be assumed to be QCL-ed with SS block w.r.t. {Doppler shift, average delay. spatial Rx parameters}. At least for 15KHz subcarrier spacing, the frequency density of CSI-RS is high enough to perform delay spread estimation. However, due to the insufficient density in time domain, CSI-RS is not suitable for estimation of Doppler shift and Doppler spread. As an alternative, TRS can be used for more accurate estimation of time-domain channel properties, i.e., Doppler shift and Doppler spread. Furthermore, for unicast PDSCH demodulation, DMRS can be assumed to be QCL-ed with CSI-RS w.r.t. {Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters}.
In summary, for unicast PDSCH and UE-specific PDCCH with above 6-GHz carrier frequency, after RRC configuration of TRS and CSI-RS, 
· SSB ( TRS: Doppler shift, average delay, spatial Rx parameters
· TRS ( CSI-RS for CSI acquisition: Doppler shift, Doppler spread

· CSI-RS ( DMRS: Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters 
After RRC, in addition to unicast PDSCH, SSB->DMRS for broadcast PDSCH and common PDCCH w.r.t. Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz) 
Proposal 1: For unicast PDSCH and UE-specific PDCCH with above 6-GHz carrier frequency, after RRC configuration of TRS and CSI-RS, 

· SSB ( TRS: Doppler shift, average delay, spatial Rx parameters

· SSB/TRS ( CSI-RS for CSI acquisition: Doppler shift, Doppler spread

· CSI-RS ( DMRS: Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters

Proposal 2: After RRC, SSB->DMRS for broadcast PDSCH and common PDCCH w.r.t. Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz)
2) QCL configuration and indication
Similar to LTE QCL typeB, the following QCL singalling mechanism can be used:

· CSI-RS is higher-layer configured to be QCL-ed with a TRS
· Then, a set of CSI-RS resources that can be potentially assumed to be QCL-ed with a DMRS QCL group is configured by higher-layer signaling
· For data demodulation, each DMRS group is indicated by DCI to be QCL-ed with corresponding CSI-RS port(s) within the above-mentioned set of CSI-RS.
Proposal 3: Similar to LTE QCL typeB, the following QCL singalling mechanism can be used:

· CSI-RS is higher-layer configured to be QCL-ed with a TRS

· Then, a set of CSI-RS resources that can be potentially assumed to be QCL-ed with a DMRS QCL group is configured by higher-layer signaling

· For data demodulation, each DMRS group is indicated by DCI to be QCL-ed with corresponding CSI-RS port(s) within the above-mentioned set of CSI-RS

3) QCL across time-frequency resources
In NR, as the QCL relationship relies highly on beamforming operation, with possibly dynamic change in beamformer in both time and frequency domains, it’s not reasonable to assume that it holds over any ranges of time-frequency resource. For example, even the same analog beam could be used on different CCs, different equivalent beams can still be formed at base band for each CC respectively. In such case, without any explicit or implicit indication, antenna ports transmitted on different CCs can’t be assumed to be QCL-ed. 
For time domain, if time domain bundling is also supported, UE could make channel estimation jointly over a set of adjacent time units. Furthermore, the same parameters regarding spatial , delay and Doppler properties could be assumed at UE side for DMRS ports transmitted on those time-domain bundled time units. That is, with explicit or implicit indication, DMRS ports on a set of bundled time units could be assumed to be QCL-ed at UE. 
Proposal 4: If time domain bundling is used, DMRS ports on bundled time units could be assumed to be QCL-ed at UE.

3. Conclusions
In this contribution, we discussed the extension of spatial QCL parameter(s) for DL of NR. Based on the discussion above, we propose:
Proposal 1: For unicast PDSCH and UE-specific PDCCH with above 6-GHz carrier frequency, after RRC configuration of TRS and CSI-RS, 

· SSB ( TRS: Doppler shift, average delay, spatial Rx parameters

· SSB/TRS ( CSI-RS for CSI acquisition: Doppler shift, Doppler spread

· CSI-RS ( DMRS: Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters

Proposal 2: After RRC, SSB->DMRS for broadcast PDSCH and common PDCCH w.r.t. Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (used only for above 6GHz)
Proposal 3: Similar to LTE QCL typeB, the following QCL singalling mechanism can be used:

· CSI-RS is higher-layer configured to be QCL-ed with a TRS

· Then, a set of CSI-RS resources that can be potentially assumed to be QCL-ed with a DMRS QCL group is configured by higher-layer signaling

· For data demodulation, each DMRS group is indicated by DCI to be QCL-ed with corresponding CSI-RS port(s) within the above-mentioned set of CSI-RS

Proposal 4: With explicit or implicit indication, DMRS ports on bundled time units could be assumed to be QCL-ed at UE.
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