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Introduction
In the last RAN1 meeting, the following is agreed for QCL and DMRS mapping.
Agreements:
· Study necessity of QCL and measurement assumptions for antenna ports in NR
· At least the following is studied for NR in order to reduce decoding latency
· RS used to start to demodulate a data transmission is located at the beginning of the time interval to which the data and associated RS for demodulation is physically mapped
· Other additional RS design associated with data demodulation is not precluded

This contribution shows Samsung’s view on this topic. 
QCL for LTE
1 
2 
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. However, at this moment, it seems difficult to discuss any further details of QCL, as it is not clear what RS can be used in place of legacy CRS/CSI-RS, in NR QCL design. 
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, if new DL transmission methods are introduced in NR, for which the NW applies some scheduling/precoding restrictions in time and frequency domains.
2. QCL will still be useful for allowing for UE to use time and delay parameters to demodulate DL transmissions, if the specifications include transmission methods that have full flexibility in scheduling/precoding in time/frequency domain. 

With these observations, the followings are proposed.
Proposals: 
1. Study the necessity of introducing transmission methods with scheduling/precoding restriction in NR. 
2. [bookmark: _GoBack]For NR QCL design, study what RS can be used in place of legacy CRS/CSI-RS. 

