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1. Introduction
A proposal for dedicated reference signals for FS1 was presented at RAN1#50bis in Shanghai [1] and the following conclusions were reached:
· The following is agreed as a way forward for dedicated reference signals for DL beamforming in LTE:

· Define a single dedicated reference signal pattern for FS Type 1

· The eNB can semi-statically configure a UE to use the dedicated reference signal as the phase reference for data demodulation of a single codeword

· Dedicated RS are transmitted for a maximum of 1 stream

· In the case when dedicated reference symbols are configured for a UE:

· The UE needs to use a maximum of 2 common RS, corresponding to the first two antenna ports

· Common reference symbols are the phase reference for PDCCH

· FFS: Only the common reference signal corresponding to the first antenna port is used for deriving CQI

· Relation to UE capabilities to be determined based on input e.g. from operators

· At the moment the assumption is that the support of dedicated reference symbols is an optional UE capability, it can be made mandatory for certain UE categories in a later stage for Rel8.

This contribution discusses alternatives for CQI generation in FS1 FDD when dedicated reference signals are present.  The discussion focuses on the following issues:
1) Should UE CQI feedback be based on common RS (CRS), dedicated RS (DRS), or both?
2) Can per-subband PDSCH CQI be generated. If so how?
2. Options for CQI Generation with Dedicated Reference Signals
Four options for generation of CQI when dedicated reference symbols are transmitted in a PDSCH allocation are described below.
2.1. Option 1: Wideband CRS-based Feedback with Subband-Independent Offset
The simplest form of CQI feedback consists of an estimate of the wideband channel gain corresponding to one or more antenna ports based on the CRS transmitted on these ports.  The eNodeB generates the beamformed PDSCH CQI by scaling this estimate by a fixed, i.e. subband-independent, offset.  This offset could either be generated at the eNodeB as suggested by [2] or signaled by the UE.  The Appendix demonstrates how this offset, denoted 
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, can be calculated by the eNodeB from knowledge of the angles of departure at the transmit array, the antenna gain patterns corresponding to the common and dedicated antenna ports, and the average path powers.  Note that this offset reflects the long-term statistics of the channel.  Alternatively, the UE can aperiodically report a subband-independent offset based on its estimate of the channel gain of the dedicated antenna port derived from the dedicated reference symbols transmitted in the PDSCH resource block allocation.  Compared to calculating the offset at the eNodeB, this approach has the advantage of not being subject to estimation errors in the long term channel statistics and imperfect knowledge of the array manifold.
Regardless of whether the subband-independent offset is calculated by the eNodeB or the UE, this alternative does not provide narrowband CQI information and therefore frequency selective scheduling of DRS-based PDSCH is infeasible.

2.2. Option 2: Narrowband CRS-based Feedback with Subband-Independent Offset

Instead of feeding back wideband channel gain information based on the CRS, the UE could also provide narrowband feedback over a selected set of subbands.  As with option 1, PDSCH CQI could then be generated by multiplying the CRS-based channel gain by a subband-independent scaling generated either at the eNodeB or at the UE.  This would facilitate frequency selective scheduling of the DRS-based PDSCH since the frequency variations of the channel seen by the CRS would be reflected in the PDSCH CQI.  However, as discussed in the Appendix, this channel is different than that seen by the DRS.  This is because the set of plane waves departing the transmit array are weighted differently by the beamforming gain pattern applied to DRS than by the antenna pattern applied to the CRS.  In the Appendix the ratio of time-varying channel gains on the dedicated and common antenna ports, 
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 respectively, is shown to be of the form 
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where 
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 is the fixed offset discussed above that is determined from the long-term statistics of the channel.  The term 
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 represents the time and frequency variations in the beamformed channel which cannot be deduced from CRS-based channel measurements alone.  For a fixed value of 
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, variation of 
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 with respect to 
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 indicate the beamformed channel frequency variations differ from those of the channel seen by the CRS and therefore frequency selective scheduling performance may be degraded.  The degree of this degradation is heavily influenced by the angular spread at the transmitting array and the relative width of the beamforming gain pattern.
2.3. Option 3: Wideband CRS-based Plus DRS-based Feedback
Instead of relying solely on CRS to provide frequency selective CQI, PDSCH CQI computation can also be based on a combination of wideband-CRS and a subband-dependent offset based on the DRS.  However since the DRS is only transmitted in PRBs containing the UE’s PDSCH transmission, frequency selective scheduling CQI calculation would require an initial PDSCH allocation across the entire band thereby increasing overhead.
Once PDSCH transmission has begun on an allocated set of subbands, a DRS-based offset will become available only for those subbands in the allocation.  CQI information for any other subbands can therefore only be based on the wideband CRS-based feedback.  In order to obtain CQI information in unallocated bands therefore, an additional PDSCH allocation over the unallocated bands would  be required.
2.4. Option 4: Narrowband CRS-based Plus DRS-based Feedback
The final option is to feed back both narrowband CRS-based and DRS-based channel state information.  In this case the beamformed channel gain is only available in those subbands containing PDSCH transmission.  The channel state of all other subbands is based on the CRS and therefore, as discussed in Section 2.2 may not accurately reflect the beamformed channel state in these bands.
3. Conclusions
This contribution summarized four alternatives for CQI generation in FDD FS1 when a dedicated reference signal is transmitted as part of a PDSCH transmission.  In order to take advantage of frequency-selective scheduling, an estimate of the channel quality of the beamformed channel over a set of subbands is required.  This may be obtained by scaling a narrowband CRS-based indication by a subband-independent offset as in option 2 or by feeding back a DRS-based indication measured directly on the beamformed channel as in options 3 and 4.  While the first approach requires little additional uplink overhead, it is not clear how closely the channels experienced by the CRS and DRS align in frequency and therefore how effective frequency selective scheduling would be.  Feeding back DRS-based channel state information on the other hand requires the presence of dedicated reference symbols in all subbands where CQI information is desired.  Before a PDSCH allocation is made therefore it is necessary to transmit dedicated reference symbols across the entire band which results in increased overhead.
4. Appendix

This appendix derives an expression for channel gain over frequency as a function of the transmit combining weights, the complex amplitudes of a set departing plane waves, and  the corresponding multipath delays.  This expression is then used to relate the channel gain of an antenna port which has near uniform coverage over the entire sector with the channel gain of an antenna port that is directed at one particular UE.  In all practical cases the ratio of these channel gains is shown to be frequency dependent.  
Consider the model shown in Figure 1.  Here 
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 plane waves depart an eNodeB 
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 element uniform linear transmit array at angles 
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.  Each plane wave has a time-varying complex amplitude 
[image: image13.wmf](

)

l

t

a

, 
[image: image14.wmf]1,2,,

lL

=

L

 and time delay 
[image: image15.wmf]l

t

, 
[image: image16.wmf]1,2,,

lL

=

L

.  The  transmit antenna array elements are assumed to have a common antenna pattern 
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.  The array elements are driven by a weighted combination of the antenna port output with weights denoted 
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.  The time-varying impulse response from the antenna port to a UE equipped with a single antenna is given by: 
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where 
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 is the element spacing, 
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 is the free-space wavelength, and 
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 is the DTFT of the beamforming weights: 
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In the frequency domain the equivalent baseband time-varying transfer function at frequency 
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 is then 
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The transfer function obviously depends on the combining weights used at each antenna port.  Let the antenna port which transmits the CRS, the “common antenna port”, use the set of combining weights 
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 while the antenna port which transmits DRS use combining weights 
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.  The corresponding transfer functions are 
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and 
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where 
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and 
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In order to infer the channel gain of the dedicated port, 
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, from the channel gain of the common port, 
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, at frequency 
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 and time 
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, it is necessary to know not only the angles of arrivals, time delays, and transmit combining weights, but also the time-varying path gains 
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 are assumed to be uncorrelated random processes, the ratio of the average of the channel gains on these two ports depends only on the transmit combining weights and the long-term statistics of the channels, i.e. the angles of arrivals, and the average power of paths 
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The quantity 
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 therefore is an offset between the wideband channel gains of the dedicated and common antenna ports.  It may be estimated by the eNodeB based on estimates of the long-term statistics of the channel, namely the angles of arrivals and the average path gains.  
The ratio of the dedicated to common port channel gains can be expressed as the product of the wideband offset 
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 and a term 
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 which contains the frequency and time dependence of the dedicated antenna port which can not be determined from the common port channel gain 
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 alone and therefore by CRS-based CQI feedback:
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where 
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When only CRS-based CQI feedback is available and the dedicated port channel gain is estimated as 
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 can be interpreted as the associated estimation error.  Intuitively, this error results from the path gains 
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 on the dedicated antenna port and by 
[image: image55.wmf](

)

c

W

q

 on the common port.  The error therefore depends on the angular spread of the departing waves relative to the beamwidths of the array patterns.  In the limiting case when the array patterns are related by a scalar at each angle of arrival, 
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, and no error results.  In other words if there exist a constant 
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then 
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Figure 1: Spatial Channel Model in Derivation of Channel Gains
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