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Overview
[bookmark: _GoBack]In 5G mm Wave systems Phase Compensation Reference Signals (PCRS) is introduced to mitigate the phase noise effect.  This document presents a discussion of synchronization of the total phase that will include phase noise (PN), carrier frequency offset (CFO), total Doppler in a multi-layer, multi-port transmission. Based on the study, we present proposals in the following areas:
· PCRS pattern and density
· PCRS and UERS dimensionality
· PCRS and UERS use for phase tracking
Introduction    
 UERS based channel estimation in presence of total Doppler, carrier frequency offset, and other impairments is considered. We observe that the principal factors impacting the decision region and therefore the PCRS density are:
· Total Doppler(Shift + spread)
· Carrier frequency offset 
· Delay spread
· Total phase noise IPN measured in dBc
· Modulation order and others
Many factors including PN and precoding as well as the propagation channel  influence the number of UERS and number of PCRS per each layer.
PCRS Pattern, Density 
The mm wave OFDM transmitted signal will undergo the spatial mobile channel, CFO, experience phase noise, interference and thermal noise. The RS are UERS and PCRS. The objective is to show that mobile can actually identify the performance or operating regions and advise the NodeB as to the density of the PCRS.  
The combined propagation channel, phase noise and precoding is referred to as the total or equivalent channel that is seen by the Rx in presence of thermal noise. The PCRS symbols after UERS CE the PCRS will then deal with the residual equivalent channel estimation error. The phase noise mask uses WF-30 GHz with IPN of -24, 7 dBc and a strong spectral components at the very low frequencies in addition to other hardware masks. A synthetic PN source with various PN bandwidths have also been used. This is a single layer/port analysis. Given that PCRS, UERS from other layers/ports are orthogonalized, the results should be unaltered. The simulation scenarios and parameters are described in Table 2.1. The density reduction algorithm uses a linear interpolation to estimate phase noise where PCRS symbols are missing.  Therefore there is some buffering, i.e. anti-casual filtering to recover phase poise for the missing PCRS symbols.  The overall qualitative observation show that the lower the constellation order, CFO, Doppler and delay spread, the more we can reduce the PCRS density across the sub frame. For example for 16-QAM , moderate Doppler (200-300 Hz), CFO about 100 Hz, and 10 ns delay spread, the PCRS density can be cut in half. The modulation 64-QAM, on the other hand, is much more restrictive, i.e., only under a very low Doppler, CFO and delay spread, can we reduce the PCRS density.

Multi-Layer Multi-Port Tx, Phase Tracking 
This chapter deals with multilayer multiple transmission where in presence of dynamic propagation channel phase noise, total Doppler, precoding matrix.

· Multiple UERS and Multiple Layers
· Precoding Matrices for UERS and PCRS
· Static, time-varying and Rx Antenna varying Phase noise
· Equivalent Precoding/Propagation/Phase Noise Channel

This section presents the system model and high level observation and requirements on PCRS and UERS in a multiport beamforming configuration where we have:
· Multiple Ports, Multiple Layers
· Multiple UERS, PCRS

Assuming No ICI for PN, i.e., common phase noise (CPE) only, the received signals across Rx antennas for tone k, symbol time m may be written as

    

·  is Tx vector of size number of Tx layers, by 1 symbols
· These symbols may be data, UERS or PCRS
·  is Rx vector of size number of Rx antennas, by 1 of received samples after DFT
·  is Tx precoding matrix of size number Tx antennas, by 
·  is MIMO channel matrix of size  by 
· This matrix will include total Doppler and CFO
·  is a diagonal matrix of size  by. Each diagonal entry of  denotes common phase noise of corresponding Rx antenna
· 
·  is the total channel (equivalent channel
· 
The precoding matrix, propagation channel and phase noise are all unknown to the Rx. A recommended estimation procedure will estimate the total channel and residual will be dealt with through PCRS.  This procedure may be formalized as 2SP (Two-Stage Processing) where, in the first stage, the critical components of the total channel have been estimated (compensated), and in the second stage, the residual interference and phase error will be removed by PCRS.  This 2SP procedure may be implemented periodically where auxiliary signals and/or channels will provide the reference for the first stage and implement the coarse synchronization and the residual tracking component will use PCRS.
In order to describe the modeling as it relates to UERS or PCRS, the following describes the same model for a 2x2 transmission at the UERS locations.  While the analysis is not included here, the emphasis on the notation and the plurality of parameters will make the observation more apparent and consistent.  Therefore, when looking at the UERS locations, we will have:

And the corresponding system model for a 2x2 case will be:


We can readily observe from the system model and the UERS application that this is a multiuser linear system where the symbols will be interfering with each other.  Therefore, the total channel must be diagonalized.  Equivalently, the PCRS UERS must be orthogonalized across the board.
Preliminary Proposal for the transmission would include:
· UERS symbols across ports must be orthogonalized either by cover codes or use of different RE allocations
· Similarly, PCRS per port must be orthogonalized
· There must be one UERS per each layer
· Similarly, there must be one PCRS per layer
· The precoding matrices between UERS and PCRS must be the same, otherwise, irrecoverable loss will occur independent of the nature of MIMO phase noise and propagation channel 

Conclusion, Proposals
We have observed the PCRS density requirement is a function operating region parameterized by CFO, Doppler, IPN, delay spread among other factors. Therefore, we suggest a UE-assisted PCRS density specification.
Proposal 1: UE will identify performance/ operating region
Proposal 2: UE will request from  NodeB the preferred PCRS density 
Furthermore, in the MIMO tracking section, we consider: 
· Multiple UERS and Multiple Layers
· Precoding Matrices for UERS and PCRS
· Static, time-Varying and Rx Antenna varying Phase noise
· Equivalent Precoding/Propagation/Phase Noise Channel
Proposal 3: UERS symbols across ports must be orthogonalized either by orthogonal covers or use of different RE allocations or spatially
Proposal 4:  Similarly, PCRS symbols must also be orthogonalized across ports
Proposal 5: The precoding matrices between UERS and PCRS must be the same, otherwise, irrecoverable loss will occur independent of the nature of MIMO phase noise and propagation channel 
Proposal 6:  There must be one PCRS per layer
· Study item (proposal 6).  If the equivalent channel estimation quality across all MIMO links is identical, then we can use one PCRS symbol for all layers.
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