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1. Introduction
In RAN1#86 meeting, the following agreements are made regarding QCL assumptions for NR study:
	Agreements:

· All physical channels and reference signals in NR are transmitted using antenna ports

· Agree as working assumption the following antenna port definition for NR (same as in LTE)

· An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed. 
· Parameters for antenna port QCL in NR includes at least (if QCL is supported)
· Average gain, average delay, delay spread, Doppler shift and Doppler spread (same as in LTE)

· Additional parameters are FFS 

· FFS whether the QCL or other means can be used for UE beamforming management
· The following QCL assumptions for DM-RS antenna ports in NR are for further study

· QCL across DM-RS antenna ports
· All the DMRS antenna ports are QCL-ed with each other
· Not all the DMRS antenna ports are QCL-ed with each other
· QCL across scheduled PRBs for DM-RS antenna port 

· QCL among DM-RS antenna port groups
· QCL of DM-RS antenna ports with antenna ports of other reference signals (RS to be defined in NR) 

· Other assumptions are not precluded

· Note: The antenna ports of demodulation reference signal (DM-RS) in NR are used to transmit at least physical data and, possibly, control channels and used at the UE for demodulation
Agreements:

· All QCL assumptions that a UE is allowed to make among antenna ports should be identified and explicitly specified

· QCL is defined as follows: 
· Two antenna ports are said to be quasi co-located if properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed.
· Future refinement on QCL definition is not precluded



In this contribution, we further discuss beam coordination and QCL assumptions in NR, based on the agreements and focusing more on the highlighted FFS issues.
2. Beam coordination with QCL
Intra-TRP coordinated transmission
Antenna panel array structure is considered for NR study, where Panel Model 1 is identified as a uniform 1D/2D rectangular panel array, illustrated in [1]. Proper CSI-RS resources/ports need to be configured to a UE over such antenna array, so that an efficient closed-loop MIMO transmission can be applied based on UE’s CSI measurement and feedback. Since CSI-RS ports-to-antenna array mapping is up to network implementation, there can be various ways of such mapping, including (1) one CSI-RS resource per panel, (2) multiple CSI-RS resources per panel, (3) a CSI-RS resource mapped across multiple panels, and so on.
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(1) One CSI-RS resource per panel
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(2) Multiple CSI-RS resources per panel
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(3) Shared CSI-RS resource across multi-panels
Figure 1: Illustration of different options for CSI-RS resource mapping for multi-panel TPs
The case of (1) is the most straightforward way of CSI-RS mapping, where one CSI-RS resource is transmitted from a panel, so that CSI-RS ports within the CSI-RS resource can be guaranteed/assumed to be quasi co-located if the same oscillator with relevant components is used for generating signals on the CSI-RS ports. This can be interpreted as a conventional single (virtual) cell operation, where this single virtual cell can be associated to a UE by measuring corresponding RS port(s) for RRM (denoted by RRM-RS for convenience). Depending on detailed RS designs for RRM-RS and potentially aperiodic/subband CSI-RS, it should be investigated the necessity of proper QCL assumptions between a CSI-RS resource and a certain RRM-RS for supporting UE implementation.
The case of (2) can be interpreted as multiple beamformed CSI-RS based operation, similar to FD-MIMO Class B with multiple BF CSI-RS resources. Since these multiple CSI-RSs transmitted from a single panel are intended to target different beam directions, it cannot be always said to be quasi co-located between each CSI-RS to the corresponding RRM-RS w.r.t. all QCL properties. Similar to what has been defined in LTE specification, only some parts of the properties, e.g., Doppler shift and Doppler spread, may be used for QCL assumptions between a CSI-RS and a RRM-RS for this case, which may need to be explicitly indicated. These differences from the case of (1) come from the different CSI-RS mapping to the antenna array, so that specifications for NR should properly support various implementation ways of CSI-RS antenna port mapping for different purposes.
The case of (3) can be interpreted as a shared CSI-RS resource mapped across multiple panels to have more beamforming gains on the transmitted CSI-RS by cooperative transmission from multiple panel antennas. Such kind of CSI-RS port mapping to multiple panels can be especially useful when it is intended to support SU-MIMO transmission for a certain UE with low traffic load situation as an example. The CSI-RS can be used as a UE-specific beamformed CSI-RS dedicated to the UE, assuming the network obtains sufficient knowledge of beamforming direction for the target UE. To properly support the usage scenarios, it should be investigated how CSI-RS-to-RRM-RS QCL assumptions and signalling are defined and supported for NR operations if the QCL assumption is required.
Observation 1: Depending on CSI-RS resource mapping methods for a multi-panel TP, various intra-TRP coordination transmission schemes can be considered in NR.

Observation 2: Proper QCL assumptions between RS(s) for RRM and CSI-RS(s) configured to UE may be needed for supporting intra-TRP coordinated transmission.
QCL types and signalling
It should be noted that the illustrated cases (1), (2), and (3) can be supported with semi-static configurations similar to different QCL Types defined in LTE specification, where a UE in TM10 is configured with QCL Type A or B by RRC signalling. In NR context, however, it is desirable to study more dynamically configurable QCL types and corresponding QCL assumptions in order to be efficiently used for UE-side receiving operations, in conjunction with a considered aperiodic type of CSI-RS transmission, which is also being actively discussed in Rel-14 eFD-MIMO. In other words, each UE can be configured with certain CSI-RS resource(s) with some essential RRC parameters, but actual CSI-RS transmissions can be controlled by TRP via L1-signaling, where the controllable components may include actual transmission instance, time/frequency RE pattern, number of ports, applied port numbering, and/or scrambling seeds. Such dynamic CSI-RS allocation and transmission are further requiring more flexible QCL signalling supports with other RS including RRM-RS in more dynamic ways.
Observation 3: Dynamic CSI-RS allocation and transmission for NR may be further requiring more flexible QCL signalling supports with other RS including RRM-RS.
Other QCL properties
In RAN1#86, QCL definition for NR was agreed and five large-scale properties were agreed to be considered, which are delay spread, Doppler spread, Doppler shift, average gain, and average delay. In addition to these existing QCL parameters, a new type of property on arrival angle needs to be considered for NR, especially when analog beamforming is applied at the UE side. During beam management procedure, UE may select several TX-RX analog beam pairs by measuring and comparing qualities of certain DL RS, e.g., RRM-RS. TRP could select one of the UE preferred TX beams to transmit beamformed CSI-RS or DMRS ports. In that case, UE should know what RX beam should be set to receive these antenna ports among the candidate RX beams so that TX beam ID corresponding to an RRM-RS port can be signalled to UE. In this situation, we can say that a RRM-RS port and CSI-RS/DMRS port are QCLed in terms of dominant arrival angle.
The dominant arrival angle determines RX beamforming coefficients and can be viewed as a relatively large-scale property because analog beam may not be changed dynamically compared with digital beams. Without the QCL assumption, UE have to search multiple RX beam candidates, which is energy and time consuming. 
Proposal 1: A new type of QCL property on arrival angle needs to be considered for NR, especially when analog beamforming is applied at the UE side.
Inter-RS QCL and inter-TRP coordinated transmission
It also needs to be considered for RRM-RS designs whether some of QCL properties, e.g., Doppler shift and average delay, attained from synchronization signals are assumed to be quasi co-located to the RRM-RS for aiding its measurements. Once a UE is tracking such RRM-RS(s), it may also be used for QCL linkage to a second level of RRM-RS for finer beam refinement which can be UE-specifically beamformed toward the UE. As mentioned above, a CSI-RS needs to be indicated to follow a QCL linkage to the primary or secondary RRM-RS(s). If a subband CSI-RS is configured to the UE, it may be beneficial to follow QCL to another CSI-RS which, for instance, is wideband transmitted.
In the current LTE specification, UE configured in TM10 with QCL Type B can be scheduled for receiving a PDSCH transmitted from a non-serving cell/TP as CoMP dynamic point selection (DPS) operations, where the DMRS for PDSCH is indicated to follow QCL to one of configured CSI-RSs by PQI field in the DCI. Similar operations can be considered for NR-MIMO in that such DPS operation can be an actual dynamic TRP selection depending on configured CSI-RS resources, each configured per TRP for example, or even can be a dynamic beam selection (DBS) within a single TRP, which can be interpreted as intra-TRP CoMP in terms of beam coordination. 
In order to properly support these kinds of various transmission strategies in NR, the DMRS for PDSCH should also be explicitly indicated to follow QCL to other RS, e.g., CSI-RS or RRM-RS, unless DMRS design for NR study is done without requiring any other QCL supports and by guaranteeing sufficient RS density within the scheduled band. Especially for supporting UE-side phase compensation due to phase noise effects, a second level of DMRS can also be transmitted with the scheduled PDSCH, which is desired to be spread over the time domain such as several symbols on the same subcarrier [2]. This secondary DMRS can be assumed to be quasi co-located to the primary DMRS for all QCL properties, for which it can be rather interpreted as a genuine co-location, indicating effectively the same ports such that time/frequency bundling is possible across the antenna ports.
Observation 4: To properly support various intra/inter-TRP coordinated transmissions, DMRS QCL to CSI-RS or RRM-RS may need to be dynamically indicated, unless DMRS design for NR is done without requiring any QCL supports and by guaranteeing sufficient RS density.
Regarding FFS issues on QCL across DMRS antenna ports or among DMRS antenna port groups, it should be the baseline that UE can assume “not all the DMRS antenna ports are QCL-ed with each other”. Also, UE should be able to receive an explicit QCL signalling by DL grant that provides independent QCL assumption per indicated DMRS antenna port group among the total scheduled DMRS ports, in order to at least support independent-layer joint transmission for achieving high SU-MIMO spectral efficiency in NR as discussed in our companion contribution [3]. Note, in case that the indicated DMRS antenna port group includes the whole scheduled DMRS ports, it may be interpreted that UE can assume “All the DMRS antenna ports are QCL-ed with each other” within the indicated port group, so that those two alternative sub-bullet captured in the agreement may be both supported, depending on such indicated information in DL grant regarding DMRS antenna port group(s).

Regarding another FFS issue on QCL across scheduled PRBs for DM-RS antenna port, it should also depend on which transmission scheme applied in NR. For example, frequency selective DPS as discussed in [4] can be considered, where UE should be able to assume different QCL per PRB group (PRG), e.g., certain pre-defined granularity of PRB(s), since different cooperating TRP can transmit the data on the corresponding separated PRB(s) within the whole scheduled PRBs. Further details need to be discussed in conjunction with possible transmission schemes as mentioned above for NR.

3. Conclusion
This contribution discussed intra/inter-TRP coordinated transmission with QCL assumptions among considered RSs for NR study. Following observations and proposals are given, based on the discussion:
Observation 1: Depending on CSI-RS resource mapping methods for a multi-panel TP, various intra-TRP coordination transmission schemes can be considered in NR.

Observation 2: Proper QCL assumptions between RS(s) for RRM and CSI-RS(s) configured to UE may be needed for supporting intra-TRP coordinated transmission.
Observation 3: Dynamic CSI-RS allocation and transmission for NR may be further requiring more flexible QCL signalling supports with other RS including RRM-RS.
Observation 4: To properly support various intra/inter-TRP coordinated transmissions, DMRS QCL to CSI-RS or RRM-RS may need to be dynamically indicated, unless DMRS design for NR is done without requiring any QCL supports and by guaranteeing sufficient RS density.
Proposal 1: A new type of QCL property on arrival angle needs to be considered for NR, especially when analog beamforming is applied at the UE side.
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