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Introduction
In this contribution, we discuss the necessary QCL relations between RSs of different types (e.g. between CSI-RS, TRS and DMRS) and outline step by step how the QCL relations changes from initial access (i.e. before RRC configuration) to RRC connected.
Before RRC configuration of TRS
In initial access, the UE detects a preferred SS block and detects PBCH containing MIB. 
In some cases, the NR-PDCCH and the NR-PDSCH carrying remaining system information (RMSI) and the NR-PDCCH and the NR-PDSCH carrying random access response (RAR, Msg2) are transmitted from the same node(s) using the same precoder(s) as the SS block. In that case, the DMRSs of these NR-PDCCHs and NR-PDSCHs will be QCL with the SS block with respect to all QCL parameters, including spatial QCL. However, the UE cannot in general make that QCL assumption, since other deployment cases are also relevant. 
QCL assumptions when receiving RMSI
There are deployment where transmission of the SS Block(s) is unrelated to the beamforming of the NR-PDSCH containing RMSI. For example, the SS Block may be beam-swept using narrow and cell-dependent beam-forming while the SIBs may be transmitted jointly in wide beams using single-frequency network transmission format, see Figure 1. In this case, the SS block is not QCL with the DMRS used for PDCCH and PDSCH to receive RMSI. 
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[bookmark: _Ref470016773]Figure 1: Example depicting that the beamforming and transmission format of the SS Block and the remaining minimum system information may be different and that the UE cannot always use the PCI to derive the information required to read the remaining minimum system information.
Therefore, whether UE can assume that SS block is QCL with the channels that conveys RMSI is configured by the master information block, see [1] for a detailed discussion.
[bookmark: _Toc485126593][bookmark: _Toc485193797][bookmark: _Toc485196865][bookmark: _Toc485196889][bookmark: _Toc485197428][bookmark: _Toc485385977][bookmark: _Toc490206356]The MIB in the PBCH contains an indicator which indicates whether UE may assume that the SS Block is QCL with PDCCH and PDSCH DMRS used to receive RMSI.
If the indicator in MIB indicates that there is no QCL relation between SS block and DMRS, then the UE should not make such assumption and need to detect the RMSI without SS block assistance. The UE can then assume that the PDCCH and PDSCH transmissions providing the RMSI is assisted by an additional synchronization signal determined by the DMRS and scrambling configuration bit in MIB, see [2].
QCL assumptions in random access procedure
After receiving RMSI, the UE commences the random-access procedure. Reciprocity (and use of reciprocal spatial QCL) in UE between received SS-block and PRACH preamble transmission should not always be used, even if the UE is capable of beam correspondence. Examples are silent nodes, where at least one TRP is not transmitting SS-blocks but can detect PRACH preambles, and within heterogeneous networks where the transmit powers differ between several TRPs transmitting SS-blocks, see illustration in Figure 2. 

[bookmark: _Ref480543815]Figure 2: Heterogeneous network, receiving SS block from the macro (B) while the silent small cell (A) does not transmit SS blocks but will transmit and receive messages in the random access procedure.
In these cases, the UE which is transmitting PRACH preambles based on beam correspondence and reciprocal spatial QCL from received SS-blocks, might transmit the PRACH preamble with a transmit power and with a beamforming in a non-reciprocal direction such that it is not detected at the node with best uplink link budget to the UE. In those scenarios, it is most likely better if the UE transmits the PRACH preamble with an as wide beam as possible instead of a narrow beam in the direction in which it received the SS-block. 
A configuration parameter can be included in a broadcast channel (such as NR-PBCH or RMSI) indicating if the UE should transmit PRACH preambles based on reciprocity from received SS-block or if the UE should use as wide beam as possible. This configuration can be included as part of the RACH configuration to the UE.
Hence, we first need an agreement on the use of reciprocal spatial QCL:
[bookmark: _Toc481598481][bookmark: _Toc481598522][bookmark: _Toc481598578][bookmark: _Toc481598795][bookmark: _Toc481598823][bookmark: _Toc481740560][bookmark: _Toc485193798][bookmark: _Toc485196866][bookmark: _Toc485196890][bookmark: _Toc485197429][bookmark: _Toc485385978][bookmark: _Toc490206357]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.
Moreover, for the random access procedure specifically, we need the following agreement:
[bookmark: _Toc473890389][bookmark: _Toc474141335][bookmark: _Toc477424608][bookmark: _Toc477427235][bookmark: _Toc477427382][bookmark: _Toc477427620][bookmark: _Toc480531399][bookmark: _Toc480534915][bookmark: _Toc480817543][bookmark: _Toc480871279][bookmark: _Toc480871533][bookmark: _Toc480876619][bookmark: _Toc481666453][bookmark: _Toc481739420][bookmark: _Toc485126595][bookmark: _Toc485193799][bookmark: _Toc485196867][bookmark: _Toc485196891][bookmark: _Toc485197430][bookmark: _Toc485385979][bookmark: _Toc490206358]The network configures the UE (e.g. in RMSI) whether PRACH preambles and PUSCH DMRS carrying MSG3 is reciprocally spatially QCL with the detected SS-block.  Otherwise the UE should not utilize any reciprocal spatial QCL relation between the SS block and the transmitted PRACH + PUSCH DMRSs containing MSG3. 
[bookmark: _Toc485193800][bookmark: _Toc485196868][bookmark: _Toc485196892][bookmark: _Toc485197431][bookmark: _Toc485385980][bookmark: _Toc490206359]If QCL association between SS block and PRACH is configured, then the UE may assume that DMRS for PDCCH and PDSCH related MSG2 are QCL with the detected SS-block. Otherwise the UE should not assume any QCL relation between the SS block and PDCCH/PDSCH DMRSs for messages involved in the random-access procedure. 
If such QCL relation between SS block is not enabled by the indication, then the UE may transmit the PRACH and PUSCH containing MSG3 in an undefined (e.g. wide-beam) manner which is up to UE implementation. 
QCL assumptions for receiving RRC configuration of TRS, e.g. MSG4
In transition to RRC connected, the UE receives the RRC configuration of a UE specific TRS (that may be shared by multiple or all served UEs). 
[bookmark: _Toc485193802][bookmark: _Toc485196869][bookmark: _Toc485196893][bookmark: _Toc485197432][bookmark: _Toc485385981][bookmark: _Toc490206360]If QCL association between SS block and PRACH is configured, (e.g. in RMSI), then the UE may assume that DMRS for PDCCH and PDSCH carrying the RRC configuration (e.g. MSG4) of TRS are QCL with the detected SS-block. Otherwise, the UE should not assume any QCL association for PDCCH/PDSCH DMRSs until explicitly configured (e.g. to be QCL with TRS). 

After RRC configuration of TRS
After the random-access procedure, the UE is receiving the RRC configuration of TRS. Hence, the QCL framework makes a transition to use TRS as the reference. Hence, one or multiple TRS resources is configured to the UE to be used as QCL reference for frequency offset estimation and time synchronization. In case of mm-wave, where multiple beam pair links (BPL) may be established for PDCCH robustness and/or for attaining high rank PDSCH reception, multiple TRSs can be configured, one per established BPL. Multiple TRSs configured to the UE is also useful at sub-6 GHz operation to support multi-point transmission with non-ideal backhaul and non-synchronized TRP oscillators. 
[bookmark: _Toc485196870][bookmark: _Toc485196894][bookmark: _Toc485197433][bookmark: _Toc485385982][bookmark: _Toc490206361]A UE can be RRC configured with one or multiple TRSs, depending on the use case 
In the simplest deployment, such as a 2 TX gNB at 2 GHz carrier frequency, it is likely that a single TRS will be configured that covers the whole gNB service area and all served UEs are configured with the same TRS. But there will also be use cases where a TRS is only used by a single UE (as it is UE specifically beamformed). The specification needs the flexibility and thus RRC configuration is necessary. 
In the case of a single TRS configured to the UE, this can be used as the QCL reference but in case multiple, tightly synchronized TRPs are used, they may share the same TRS but each TRP has its own CSI-RS configured. Hence, the CSI-RS can provide average gain QCL parameter and also average delay and delay spread, while the TRS can provide the Doppler related parameters. This configuration can also be used for mm-wave where the multiple CSI-RS resources are beamformed in different directions from the same TRP and the CSI-RS are QCL with respect to the spatial QCL parameters. 
The PDSCH DMRS is in the baseline configuration (i.e. the simplest possible NR deployment with homogenous cells) QCL with one of the CSI-RS and which can be indicated in DCI, like PQI bits in DCI format 2D in LTE. This thus allows for dynamic point selection for PDSCH transmission. For the PDCCH, it can RRC configured to be QCL with one of the CSI-RS resources or in case of multiple CORESETs, each CORESET can be QCL with its “own” CSI-RS (as EPDCCH sets in LTE). To support the case where DMRS groups are used and one PDSCH is transmitted from two or more TRPs, a PDCCH DMRS need to be associated with more than one CSI-RS resource for QCL assumptions. 
Even if CSI-RS provides some QCL parameter associations to aid the demodulation, such as time offset, the TRS is periodically transmitted “in the background” and can provide e.g. the RS used for frequency offset estimation or Doppler spread estimation. Which flexibility and configurability necessary in NR to associate DMRS with TRS or CSI-RS in a QCL sense needs further discussion.


[bookmark: _Toc485196871][bookmark: _Toc485196895][bookmark: _Toc485197434][bookmark: _Toc485385983][bookmark: _Toc490206362]The PDSCH DMRS can be configured (using RRC and using DCI for selection as in LTE TM10) to be QCL with one or multiple CSI-RS resource(s) and/or with a TRS resource. Which of the QCL parameters that can be associated with each resource, and the configuration flexibility, needs further discussion.
[bookmark: _Toc485196872][bookmark: _Toc485196896][bookmark: _Toc485197435][bookmark: _Toc485385984][bookmark: _Toc490206363]The PDCCH DMRS can be configured (using higher layer signalling) to be QCL with a CSI-RS resource and/or with a TRS resource. Which of the QCL parameters that can be associated with each resource needs further discussion.
The figure below shows an illustration of the QCL relations between RSs when a single TRS and only one DMRS group per PDSCH DMRS is configured. 

[bookmark: _Toc485196873][image: ]
Figure 3: Use case with a single TRS configured to the UE but multiple CSI-RS, for example one CSI-RS per tightly synchronized TRP or one CSI-RS per beam in mm-wave case. The PDSCH DMRS is QCL with one of the CSI-RS (as in LTE TM10) and the TRS (FFS the QCL parameter split). 

There are also use cases when the UE needs to be configured with multiple TRSs, for example operation using non-synchronized TRPs or when a single TRS across multiple mm-wave BPLs is insufficient to provide the synchronization needed. A use case is the high-speed train case where two BPLs are established for the UE in opposite directions along the track and where the Doppler shift between BPLs can differ by several kHz.  
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Figure 4: Use case with multiple TRS configured to the UE and multiple CSI-RS, one per TRS, for example one TRS per un-synchronized TRP or one TRS per beam in mm-wave case where e.g Doppler differs significantly between beams and separate TRSs is needed. 

Spatial QCL for beam management CSI-RS measurements
In addition, an agreement was made last meeting that an SS block can be spatially QCL with port(s) within CSI-RS resource where the default assumption may be no QCL.  The use case for this configuration would be for mm-wave operation and when multiple, beamformed SS blocks is used, then an SS block can be used for finding the coarse analog RX or TX beam for the UE when performing CSI-RS measurements in beam management. In this case, the TRS would provide the time and frequency synchronization (since it is designed for this purpose with a two-dimensional RS structure), while the SS block would provide the spatial property. 
[image: ]
Figure 5: Relation between SS block and CSI-RS when performing beam management measurement.
In addition, it has been agreed that QCL between ports of two CSI-RS resources can be configured. Hence, a CSI-RS resource can either be QCL with an SS block or another CSI-RS resource. The use of these agreements needs to be clarified. One possibility is that for P1, CSI-RS resources are configured to be spatially QCL with an SS block, since the intention is to provide coarse beam related information. For P2 and P3 on the other hand, UE specific beam refinement is targeted and beam indication is used to refer to a previously transmitted CSI-RS (i.e. beam) when performing a beam refinement, see [3] for more details on QCL indication between CSI-RS resources.   



Conclusions
Based on the discussion in this contribution we propose the following
Proposal 1	The MIB in the PBCH contains an indicator which indicates whether UE may assume that the SS Block is QCL with PDCCH and PDSCH DMRS used to receive RMSI.
Proposal 2	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 3	The network configures the UE (e.g. in RMSI) whether PRACH preambles and PUSCH DMRS carrying MSG3 is reciprocally spatially QCL with the detected SS-block.  Otherwise the UE should not utilize any reciprocal spatial QCL relation between the SS block and the transmitted PRACH + PUSCH DMRSs containing MSG3.
Proposal 4	If QCL association between SS block and PRACH is configured, then the UE may assume that DMRS for PDCCH and PDSCH related MSG2 are QCL with the detected SS-block. Otherwise the UE should not assume any QCL relation between the SS block and PDCCH/PDSCH DMRSs for messages involved in the random-access procedure.
Proposal 5	If QCL association between SS block and PRACH is configured, (e.g. in RMSI), then the UE may assume that DMRS for PDCCH and PDSCH carrying the RRC configuration (e.g. MSG4) of TRS are QCL with the detected SS-block. Otherwise, the UE should not assume any QCL association for PDCCH/PDSCH DMRSs until explicitly configured (e.g. to be QCL with TRS).
Proposal 6	A UE can be RRC configured with one or multiple TRSs, depending on the use case
Proposal 7	The PDSCH DMRS can be configured (using RRC and using DCI for selection as in LTE TM10) to be QCL with one or multiple CSI-RS resource(s) and/or with a TRS resource. Which of the QCL parameters that can be associated with each resource, and the configuration flexibility, needs further discussion.
Proposal 8	The PDCCH DMRS can be configured (using higher layer signalling) to be QCL with a CSI-RS resource and/or with a TRS resource. Which of the QCL parameters that can be associated with each resource needs further discussion.
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