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[bookmark: _Ref492584551]Introduction
[bookmark: _GoBack]An agreement made last meeting was:
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.
There are some FFSs that we address in this contribution. Note that there is a parallel ongoing discussion about TCI state configuration, which is out of scope of this discussion. The intention here is only to capture the possible QCL relations, not how these are configured or can be dynamically switched.
[bookmark: _Ref178064866]Remaining details for QCL for midband operation (no spatial QCL indicated)
Last meeting there was good progress in the QCL framework for midband operation. A few remaining issues needs to be clarified:
1. Resolving the brackets in this relation:  SSB  TRS: [Doppler shift, average delay]
2. QCL relations for PDCCH DMRS
3. For which parameters a wide beam RS can be a QCL reference to a narrow beam RS, e.g.
a. Wide beam TRS  narrow beam CSI-RS
b. Wide beam CSI-RS  narrow beam DMRS
4. Whether Type B relation is also supported:  TRS  CSI-RS: Doppler shift, Doppler spread
On issue 1, as this is assumed in LTE for PSS/SSS  TRS, we may also use it in NR. Hence, when configuring a TRS, it is also indicated which SSB the TRS is QCL with. A problem appears if the cell has 8 SSBs. In that case, we also need 8 TRSs. Then reconfiguration of TRS may be needed when UE moves from one SSB coverage area to another SSB coverage area, which is undesirable. A better solution is than that the UE knows the associated TRS for each actually transmitted SSB in the cell from the higher layer configuration. Whenever the UE finds another SSB stronger it directly knows which TRS to use for fine time and frequency sync. 
Note that fewer TRSs than SSBs can be configured where each TRS is QCL with a group of SSBs. Note that the TRS has the same periodicity (20 ms) as the SSB and can be multiplexed in the same slot as SSB. Since RPF=4 is used for TRS, up to 4 different TRSs can be FDM:ed in the same TRS burst.
Proposal 1: The network configures the QCL relation between each actually transmitted SSB and a TRS for Doppler shift and average delay parameters. Note that multiple SSB may be associated to the same TRS by configuration. 

On issue 2, it seems the QCL relations for PDCCH DMRS is missing from the agreement after RRC configuration. We think it should follow the same principle as for 
Proposal 2: Support CSI-RS  PDCCH DMRS: Doppler shift, Doppler spread, average delay, delay spread 

On issue 3, it is observed in measurements that the delay spread changes with the beam width. See Figure 1 below from our measurements conducted at 15 GHz. Hence, to always indicate to the UE that it can use CSI-RS for delay spread estimation where CSI-RS is transmitted in a wide beam as a QCL reference for DMRS that is transmitted in a narrow beam should not be supported in general. There are clearly cases when this does not hold and when this occurs it must be indicated to the UE by the QCL configuration.  The UE may then instead use DMRS for delay spread estimation. 
The effect on BLER when making the wrong assumption on delay spread is shown in Figure 2 below for QPSK. Clearly there is a loss with using an over estimated delay spread in the channel estimator. 
Whether also average delay may be different for a narrow and wide beam depends on whether the beam is pointing into the strongest eigenvector of the channel, i.e. if the beam is correctly directed and most of the energy is captured in the narrow beam. However, in a rich scattering channel, this may not hold since the average delay may shift and it is safer to use the DMRS for average delay estimation.
Proposal 3: Support configuring that average delay and delay spread are not QCL between source RS and target RS 
[image: ]
Figure 1 Channel measurements of RMS delay spread using single antenna (wide beam) vs. beamforming. 

[image: \\vhub.rnd.ki.sw.ericsson.se\home\ekarwer\projects\star_rs\trunk\results\QPSK.png]
Figure 2 BLER when comparing correct and 3-time overestimated RMS delay spread for QPSK modulation. TDL-A channel model with 300ns DS
On issue 4, it is then obvious that we need to be able to configure that source TRS and target CSI-RS are not QCL with respect to average delay and delay spread in case the beam widths are largely different. 

Proposal 4: Support Configuration Type B where TRS  CSI-RS: Doppler shift, Doppler spread
Moreover, the same situation may appear between CSI-RS and DMRS in case “LTE Class A” type of CSI feedback is used, where a large number of CSI-RS ports (e.g. 32) is used and thus CSI-RS is wide beam, while the DMRS is precoded in a narrow beam. However, this situation is known by the UE through the configuration of a large number of CSI-RS ports, so the need to QCL specification is perhaps less necessary as the UE can always solve this discrepancy with a clever implementation.
QCL for high band operation
The framework in the previous section can be extended to support mm-wave operation and in particular the use of analog beams in which case spatial QCL indication needs to be considered as well. The approach taken here is that the midband QCL framework is extended by adding the spatial QCL parameter. 
Proposal 5: Any supported RRC configured QCL relation between source RS and target RS can be include the spatial QCL parameter as an add-on. 
Note that in some cases, the spatial QCL parameters is the only parameter between a source RS and target RS. The details on how configuration  is done (DCI/MAC,RRC, TCI states….) are handled in the beam management agenda item. 
Reciprocal QCL for uplink transmission in high band
Another QCL parameter that likely is needed to describe expected UE behavior is the reciprocal spatial QCL. For nodes that have reciprocity-calibrated transmitter and receiver chains it may be useful to know when a signal that will be transmitted is the reciprocal response to another signal that was received earlier or vice versa. 
As one example, at millimeter wave frequencies, the SS block framework is built upon the assumption that the UE will transmit PRACH in response to a detected SS block in the corresponding uplink direction as it received the SS block in the downlink. In this way, the gNB knows how to tune its analog RX beam to receive the particular PRACH. To specify this in standard text, some notion of expected reciprocal behavior at the UE is needed, and we believe reciprocal spatial QCL would serve this purpose.
[bookmark: _Toc481598481][bookmark: _Toc481598522][bookmark: _Toc481598578][bookmark: _Toc481598795][bookmark: _Toc481598823][bookmark: _Toc481740560]Proposal 6: Support reciprocal spatial quasi co-location at a node, where a transmitted signal received at a node and a transmitted signal from the same node, are related by reciprocal spatial QCL assumption.
Proposal summary
We make the following summary:
Proposal 1: The network configures the QCL relation between each actually transmitted SSB and a TRS for Doppler shift and average delay parameters. Note that multiple SSB may be associated to the same TRS by configuration.
Proposal 2: Support CSI-RS  PDCCH DMRS: Doppler shift, Doppler spread, average delay, delay spread 
Proposal 3: Support configuring that average delay and delay spread are not QCL between source RS and target RS 
Proposal 4: Support Configuration Type B where TRS  CSI-RS: Doppler shift, Doppler spread
Proposal 5: Any supported RRC configured QCL relation between source RS and target RS can be include the spatial QCL parameter as an add-on. 
Proposal 6: Support reciprocal spatial quasi co-location at a node, where a transmitted signal received at a node and a transmitted signal from the same node, are related by reciprocal spatial QCL assumption.
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