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Introduction
In RAN1#85, a WF on the antenna port and QCL assumption study in NR has been discussed.  It is agreed to 
· Study necessity of QCL and measurement assumptions for antenna ports in NR
In this contribution, we discuss views on necessity of QCL and the measurement assumptions for antenna ports in NR.
Discussion
In LTE, the concept of quasi-co-location (QCL) with respect to antenna ports was introduced in Rel-11 to support multi-point transmission.  It is defined in LTE that two antenna ports are said to be quasi co-located if the large-scale 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. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain, and average delay.  If a UE determines those large-scale properties based on one antenna port and uses the estimates to tune the channel estimator of a non quasi co-located antenna ports, then large performance loss may be experienced.  Several possible solutions have been discussed, which include
Alt-1.	Force DM-RS based long term parameter estimation
Alt-2.	Use a separate reference signal for each non-collocated signal
Alt-3.	Indicate to UE to use “relaxed” assumptions (e.g. even if the signal looks AWGN, assume a minimum delay spread of 3us)
For Alt-1, there is an issue with persistency since the DMRS is not an always-on signal.  If there is no transmission from a TP for a long time, the UE may have no signal to estimate those parameters.  For Alt-2, a UE needs to be indicated which antenna ports can be assumed to be co-located.  A UE may also need to maintain multiple time/frequency tracking loops.  Alt-3 doesn’t need any co-location indication, but there might be some performance degradation due to the relaxation.
Although none of these solutions is perfect, Alt-2 is eventually adopted in LTE that a UE can be configured with antenna port QCL assumptions via higher-layer signaling.  The assumption indicates that if the radio channels corresponding to two different antenna ports can be assumed to have similar large-scale properties, which can be used by the UE receiver, for example, in tuning parameters for channel estimation.  
In NR, a UE may be configured with multiple beamformed RS transmitted by multiple TRPs.  Several coordinated multi-point (CoMP) transmission schemes may be supported, including dynamic point selection/blanking and joint transmission.  For open-loop MIMO, subband-wise dynamic switching among beams from different TRPs may also be considered.  Hence, the necessity of antenna port QCL shall be carefully studied.
Before jumping into details of QCL solutions, it worth studying the benefit of various multi-TRP transmission schemes and required reference signals.  Based on the study, we can identify whether a new definition of quasi co-located antenna ports is needed or not.  Then, we may consider the necessity of introducing a new QCL design.
Proposal 1: Benefit of various multi-TRP transmission schemes and required reference signals shall be studied to identify the necessity of introducing a new QCL antenna port definition.
If the antenna port quasi co-location definition in LTE can be reused, as a starting point, we may assume current QCL design in LTE, i.e., Alt-2 as the baseline.  But there are several potential issues with Alt-2 in NR need to be addressed.  First, the number of TRPs/beams for CoMP transmission could be larger than that in LTE.  Hence a UE may need to keep more tracking loops for all the TRPs for COMP transmission.  Second, in LTE CRS is used indicate QCL for CSI-RS and the QCL of DMRS is provided by CSI-RS.  CRS is the key to the success of Alt-2.  However, it is unlikely that any RS like CRS in LTE will be available in NR.  So, if Alt-2 is reused to indicate QCL assumptions, the reference for QCL would be some sparse signals, e.g., some on-demand RS.  The feasibility of using such sparse signals for QCL assumption shall be studied.  Alternatively, we may consider some solutions other than Alt-2, e.g., Alt-3.
Proposal 2: Feasibility of using sparse signals for QCL assumption shall be studied if Alt-2 is reused.
Proposal 3: Other solutions for QCL antenna port measurement assumptions, e.g., Alt-3, shall be studied.
In NR MIMO, up to 256 antennas may be supported.  Using beamformed antenna ports can significantly reduce the RS overhead and UE measurement overhead.  An antenna port may thus be formed by a large number of antenna elements and results in a much narrower beam than the DMRS ports in LTE.  It is well know that beamforming will change some large-scale properties of the channel, e.g., the delay spread and even the Doppler spread, etc.  This raises a questions that whether the antenna ports associated with different beamformed RS from the same TRP can still be assumed co-located?  The answer to this question is apparently no, at least for the aforementioned parameters.  Then it leads to another question that which parameters should be treated as non-collocated.
Proposal 4: For antenna ports associated with different beamformed RS, identify which large-scale parameters should be treated as non-collocated.
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In summary, we discuss views on the QCL and measurement assumptions for antenna ports.  We propose
Proposal 1: Benefit of various multi-TRP transmission schemes and required reference signals shall be studied to identify the necessity of introducing a new QCL antenna port definition.
[bookmark: _GoBack]Proposal 2: Feasibility of using sparse signals for QCL assumption shall be studied if Alt-2 is reused.
Proposal 3: Other solutions for QCL antenna port measurement assumptions, e.g., Alt-3, shall be studied.
Proposal 4: For antenna ports associated with different beamformed RS, identify which large-scale parameters should be treated as non-collocated.
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