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Some noteworthy observations related to QCL are:
· Since TRS is UE specifically configured, there must be another default reference signal for QCL purpose prior to TRS configuration
· Spatial QCL is useful when analog beamforming is adopted and can be an add-on to the “normal” QCL framework
· The LTE QCL framework is a good starting point where TRS can serve the purpose of CRS and where the “N-bit field” in DCI can serve the purpose of LTE PQI field
Looking at the current QCL agreements it is a bit hard to get an overview of the purpose and thinking behind the agreements. It would be useful to first look at the scenarios and deployments to be supported and then derive the necessary QCL relations and configuration details based on these scenarios. In our view, NR should support at least the same scenarios as LTE, the straightforward single TRP case as well as CoMP scenario 3/4 where the UE can dynamically receive transmission from either one or both TRPs.
[bookmark: _Ref178064866]QCL for midband operation (no spatial QCL indicated)
If we focus on the QCL relations without take the spatial QCL parameter into account, we can focus on the midband operation (e.g. 4 GHz). Last meeting the “PQI-like” indicator in DCI was agreed to be able to switch the DL RS which is QCL with a DMRS group when scheduling data. This then allows dynamic point selection and distributed MIMO operation. We denote this field a Transmission Configuration Indicator (TCI) and a table can then be configured where each entry in the table refers to one or two DL RSs. 
Hence, the TCI switch between RRC configured NZP CSI-RS resources for which QCL Type A {Doppler shift, Doppler spread, average delay, delay spread} holds between the selected NZP CSI-RS and the scheduled PDSCH DMRS. The multiple NZP CSI-RS are then transmitted from different TRPs, as to achieve LTE CoMP scenario 3 and 4 operation. 
Then, for PDCCH DMRS, a semi-static configuration per CORESET can be used (link L-1 in Figure 1), where QCL Type A  holds between the configured NZP CSI-RS and all the PDCCH DMRS in that CORESET. Similar as for EPDCCH in LTE, dynamic point switching of control channel transmission can be achieved by using multiple CORESETs and associate different CORESETs with different NZP CSI-RSs. 
In addition, a TRS can be configured to the UE to assist in fine time and frequency tracking of the channel. It should be noted that NZP CSI-RS is in many configurations insufficient for performing adequate frequency offset estimation and even timing estimation if the CSI-RS bandwidth is too small and/or frequency granularity too sparse. Hence, TRS can be configured to take the role as CRS. The TRS and NZP CSI-RS (link L-3 in Figure 1) can then be QCL according to Type A or QCL Type B {Doppler shift, Doppler}, thereby mimicking the LTE configurations. The use of Type B is e.g. for LTE CoMP scenario 4 where the NZP CSI-RSs are transmitted from micro nodes while TRS is transmitted from all nodes in the cell.
Note that it has also been agreed to support configuration of multiple TRS to the UE, which is useful in the case CoMP participating nodes have different baseband units and a separate sync resource is needed for each of them, See Figure 2 for this kind of configuration. Basically, the operation is the same although the configured NZP CSI-RS resources can be QCL with different TRS respectively.
These Figures 1 and 2 show the multi-TRP use cases but of course the most basic configuration with a single TRS and a single NZP CSI-RS is also supported as a special case.
To support these use cases for midband operation, i.e. without involving spatial QCL, we need to make the following additional agreements:
A NZP CSI-RS resource can be UE specifically RRC configured as QCL with a TRS w.r.t either
· Type A: {Doppler spread, Doppler shift, average delay, delay spread}
· Type B: {Doppler spread, Doppler shift}
It is expected that this configuration takes place at the same time as when configuring the NZP CSI-RS resource. Morover, to make use of the TCI field and to support dynamic point selection and/or distributed MIMO:
A PDSCH DMRS port group can dynamically (using the N-bit “TCI” field in DCI) be selected to be QCL with a UE specifically RRC configured NZP CSI-RS resource w.r.t {Doppler spread, Doppler shift, average delay, delay spread}
And moreover, in the case of distributed MIMO transmission with multiple DMRS port group s there must be a possibility to switch between one TRP, the other TRP or both TRPs when scheduling PDSCH.
If multiple DMRS port groups are configured, then the N-bit “TCI” field in DCI can simultaneously selects multiple NZP CSI-RS resources or a single NZP CSI-RS depending on the “TCI” state
For PDCCH, each PDCCH DMRS in a CORESET can be QCL with a NZP CSI-RS. If multiple NZP CSI-RS are configured, then different CORESETS can be associated with different NZP CSI-RS, or the same NZP CSI-RS depending on configuration. Hence, the proposal is to reuse one or more of  the TCI states configured for PDSCH, but semistatically :
A CORESET is RRC configured to be associated to one of the states as indicated by the N-bit “TCI” indicator in DCI. All the PDCCH DMRS in the CORESET is QCL with the DL RS indicated by the associated state w.r.t {Doppler spread, Doppler shift, average delay, delay spread}.
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Figure 1 Multi-TRP operation with tightly synchronized TRPs and using TCI bits to switch QCL assumption for PDSCH DMRS
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Figure 2 Multi-TRP operation with loosely synchronized TRPs and using TCI bits to switch QCL assumption for PDSCH DMRS
The discussion above assumes that TRS and NZP CSI-RS has been configured by UE specific RRC signalling.  If TRS or NZP CSI-RS is not configured, there should still be possibility to receive PDCCH and PDSCH, for example to receive RMSI, RAR and the RRC configuration message. In [1], it is proposed that the PBCH or RMSI contains information which indicates whether the UE may assume that the SSB and DMRS are QCL or not. Hence, we make the following proposal: 
If neither TRS nor NZP CSI-RS is configured to the UE, then the UE may assume that the PDSCH DMRS and PDCCH DMRS are jointly QCL and also QCL with the SSBlock detected during initial access w.r.t {Doppler spread, Doppler shift, average delay, delay spread} if indicated by PBCH/RMSI
It should be noted in the above proposals there is no QCL with the SSB if TRS and/or NZP CSI-RS has been configured. Hence, when the UE is in RRC_CONNECTED and receiving unicast PDSCH, there is no need to be associated with an SSB any longer. This is similar to LTE where the PSS/SSS/PBCH are not QCL with any other DL RS and thus not assist in the data demodulation. This also gives flexibility in network deployments since SSB can be distributed using e.g. SFN transmission without impacting on the unicast transmissions. If a use case is found, it can be possible to add SSB as a QCL resource also for UE that has TRS/NZP CSI-RS configured. 
QCL for higher 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. 
For PDSCH reception, the QCL parameters which the N-bit “TCI” indicator in DCI can be extended to also include the spatial parameter.  Hence the TCI essentially becomes a beam indicator. Moreover, the SSB index is added to the possible DL RSs that can be referred to by the TCI as to provide a fallback to a wider beam . More on how to configure and manage the TCI states, which basically is the essence of beam management, are given in [2]. 
It should be noted, that contrary to the rather static operation in midband operation, the DL RS associated with the different TCI states may change dynamically based on the beam management procedures in high band. 
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Figure 3 The N-bit TCI indicator in DCI can switch between different NZP CSI-RS resources or SSBs. 
To support this procedure, the proposal related to QCL is
The QCL parameters associated with the N-bit “TCI” field in DCI can be extended by RRC to additionally include spatial QCL
For the PDCCH reception, it has been agreed that RRC only or RRC+ MAC CE signaling is used to indicate QCL relation (at least w.r.t spatial RX parameters) between DMRS port(s) of UE-specific PDCCH and either SS Block or P/SP CSI-RS resource(s). Hence, it is possible also here to build on the QCL framework for midband operation by adding spatial QCL while also allowing for QCL with an SSB. Since beam management is used, and the DL RS to use as QCL reference may change dynamically (e.g. using MAC CE), it is useful that the QCL to assume for PDCCH is one of the TCI states as suggested in Key Proposal 3. Thereby both PDCCH and PDSCH can be handled by the same beam management procedure and it is possible to transmit PDCCH and PDSCH in the same beam, which likely is the normal case. 
Note that multiple CORESETs can be configured and each CORESET can be QCL with different DL RS, hence each CORESET is configured its own TCI state. 
It has further been agreed that a NZP CSI-RS can be configured with a SSB or a NZP CSI-RS wr.t. spatial QCL. Moreover, TRS may be supported for high band operation as well, in which case TRS could be a candidate for Type A or Type B kind of QCL association (non-spatial QCL parameters) with the NZP CSI-RS. More discussion is needed after TRS discussion has settled for high band operation. 

[bookmark: _GoBack]Proposal summary
We make the following key proposals related to NR QCL framework where the first 4 are general for both midband and high-band operation while proposal 5 is an extension that can be configured particularly for high-band (i.e. mm-wave) operation if neccessary:
1. A NZP CSI-RS resource can be UE specifically RRC configured as QCL with a TRS w.r.t either
· Type A: {Doppler spread, Doppler shift, average delay, delay spread}
· Type B: {Doppler spread, Doppler shift}
2. A PDSCH DMRS port group can dynamically (using the N-bit “TCI” field in DCI) be selected to be QCL with a UE specifically RRC configured NZP CSI-RS resource w.r.t {Doppler spread, Doppler shift, average delay, delay spread}
3. A CORESET is RRC configured to be associated to one of the states as indicated by the N-bit “TCI” indicator in DCI. All the PDCCH DMRS in the CORESET is QCL with the DL RS indicated by the associated state w.r.t {Doppler spread, Doppler shift, average delay, delay spread}.
4. If neither TRS nor NZP CSI-RS is configured to the UE, then the UE may assume that the PDSCH DMRS and PDCCH DMRS are jointly QCL and also QCL with the SSBlock detected during initial access w.r.t {Doppler spread, Doppler shift, average delay, delay spread} if indicated by PBCH/RMSI
5. The QCL parameters associated with the N-bit “TCI” field in DCI can be extended by RRC to additionally include spatial QCL

In addition, we have the following proposal which currently is of lower priority as it deals with more detailed framework operation
1. If multiple DMRS port groups are configured, then the N-bit “TCI” field in DCI can simultaneously selects multiple NZP CSI-RS resources or a single NZP CSI-RS depending on the “TCI” state
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