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Introduction
In RAN1#86 meeting, the following is agreed for QCL.
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
· 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

This contribution shows Samsung’s view on this topic. This contribution is an updated version from the one submitted to RAN1#85 [1]; the updated contents can be found from Section 4. 
QCL for LTE
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For advanced DMRS channel estimation such as 2D-MMSE, knowledge of delay and Doppler parameters is essential. However, several issues were identified when trying to estimate delay and Doppler parameters reliably with the LTE DMRS:
Issue 1: UE may not assume that precoding applied on LTE DMRS is the same across PRBs 
UE cannot estimate delay parameters relying on DMRS when frequency selective precoding applied. 
Issue 2: UE may not assume that precoding applied on LTE DMRS is the same across subframes.
UE cannot estimate Doppler parameters reliably relying on DMRS, especially with low Doppler. 
Issue 3: The DMRS is mapped only on the UE’s scheduled BW 
Subband estimation of delay parameter degrades performance.

To address these issues, QCL has been introduced in LTE specifications: 
QCL type A: For non-CoMP operations, the UE can make an assumption that UE is QCL with CRS.
QCL type B: For CoMP operations, the UE is configured with a QCL CSI-RS for delay parameter estimation; and a QCL CRS for Doppler parameter estimation. The QCL CSI-RS and CRS can be dynamically signalled in DCI for CoMP DPS operations. 
QCL Related Issues for NR
According to the discussions in Section 2, design of DMRS patterns and precoding time/frequency granularity in NR is likely to impact QCL discussions in NR, and it needs to be discussed first. 
DMRS pattern: One DMRS pattern being studied in NR is a front-loaded one, for which DMRS is mapped on a single OFDM symbol on an early time of a TTI. This DMRS does not seem to be sufficient for estimation of high Doppler. For high-Doppler channel estimation, a different DMRS pattern may need to be studied which maps DMRS on sufficiently time-separated OFDM symbols. 
Precoding granularity in frequency domain: Frequency granularity of DMRS precoding (and correspondingly also physical data channel precoding) may need to be further discussed in NR. For sub-6GHz deployments, LTE-like fine granularity seems to be still beneficial at least for TDD deployment. The fine granularity gives spectral efficiency gain when it is used with frequency selective precoding & scheduling in SU-MIMO and MU-MIMO. In particular, when co-scheduled UEs are different over PRBs, the MU precoding is better to be PRB specific for achieving higher spectral efficiency. For over-6GHz deployments in which frequency selectivity is smaller (owing to smaller delay spread), coarser time/frequency granularity, or even wideband precoding, may be considered. When (1) UE is indicated with wideband precoding, (2) also the scheduled BW is sufficiently wide, and (3) the DMRS pattern is dense in frequency, the UE may be able to estimate delay parameters directly from the DMRS. However, more study will be necessary if specifying some aspects of this scheduling restriction is essential for NR, or gives other benefits than the delay estimation. 
Precoding granularity in time domain: For NW’s scheduling flexibility and better spectral efficiency, especially for MU-MIMO, it seems desirable that the specifications do not allow the UE to extrapolate the channel estimation results from one TTI to another. On the other hand, if the specifications allow UE to extrapolate the channel estimation results across multiple TTIs, the UE may be able to do Doppler estimation relying on DMRS. The pros and cons of DMRS extrapolation needs to be carefully studied – if the NW performance degradation owing to the constrained precoding is non-negligible, the motivation to specify this restriction may not be strong. 

If the NW applies fully flexible scheduling/precoding in time/frequency domain, the UE is not likely to reliably estimate delay/Doppler parameters, and in such cases the QCL relation between different types of RS may still be useful. 
QCL assumptions for DM-RS antenna ports
This section discusses in detail the following “study” aspects agreed in the last meeting:
· 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
[image: ]
Figure 1. MIMO transmissions cases for DMRS port QCL
When UE receives single-TRP-based DL MIMO transmission on a same analog beam as illustrated in Figure 1(a), QCL should be able to be assumed across the DL MIMO streams. Hence, the NR QCL should support “All the DMRS antenna ports are QCL-ed with each other.” 
When UE receives DL MIMO transmission on different analog beams or from different TRPs (similarly as in CoMP non-coherent JT) as illustrated in Figure 1(b), the underlying channel characteristics, at least delay related parameters, are different. In this case, the DL MIMO streams being sent on different analog beams are likely to have different channel characteristics. When the DL MIMO streams are sent on different DMRS ports, the DMRS ports can be grouped for the QCL purpose. Hence, NR QCL should support “Not all the DMRS antenna ports are QCL-ed with each other;” or more specifically, “DMRS ports can be partitioned into multiple groups for the QCL purpose, and the DMRS ports in each group can be assumed to be QCL-ed; but the DMRS ports across different groups cannot be assumed to be QCL-ed.” It is also noted that the parameters affected by this DMRS port grouping may be limited to a subset of QCL parameters, of which details are FFS. On the other hand, when the DL MIMO streams on different analog beams are mapped on different PRBs but on the same set of antenna ports, it can be argued that QCL should be applied within each PRB group, where different PRB groups are allocated to different analog beams. This method seems to be redundant if DMRS-port based grouping is adopted; and the related MIMO transmissions may not allow full rank that can be achieved with the non-coherent JT. Hence, the additional support of PRB grouping based QCL is currently FFS, until clear use cases on top of different analog beam support are identified. 
RS to estimate differently QCL parameters may need to satisfy different criteria. For example, for Doppler estimation, UE should be able to use RS on a same port mapped on multiple OFDM symbols; for delay estimation, UE should be able to use RS on a same port mapped with sufficient frequency domain RS density. If other QCL parameters are introduced, the necessary feature of the RS can be different from these two. Legacy CRS has high time and frequency density and the antenna virtualization on the CRS does not change over time and frequency; and hence legacy CRS can be used for almost all the QCL parameter estimation. However, if NR does not support CRS-like RS, it may be considered that different types of RS are supported for different QCL parameter estimation. 
Conclusions
This contribution has reviewed legacy LTE’s QCL discussions, and also discussed QCL related issues in NR. This contribution draws the following observations out of the discussions.
Observations: 
1. DMRS may be used for estimating time and delay parameters in a self-contained manner, if new DL transmission methods are introduced in NR, for which the NW applies same precoding in time and frequency and schedules sufficiently large BW.
2. QCL will still be useful for allowing for UE to use time and delay parameters for DL demodulation, if the specifications include transmission methods that have full flexibility in scheduling/precoding in time/frequency domain. 
3. Different DMRS port level QCL may be beneficial to support intra-TRP and inter-TRP MIMO. 

With these observations, the followings are proposed.
Proposals: 
1. Study the necessity of introducing transmission methods with scheduling/precoding restriction in NR. 
2. Support at least the following QCL assumptions for DMRS ports:
a. All the DMRS antenna ports are QCL-ed with each other.
b. [bookmark: _GoBack]DMRS ports can be partitioned into multiple groups for the QCL purpose, and UE may assume that the DMRS ports in each group are QCL-ed; but UE may not assume that the DMRS ports across different groups are QCL-ed.
3. For NR QCL design, study what RS can be used in place of legacy CRS/CSI-RS. Different types of RS may be used for different QCL parameter estimation.
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