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1. Introduction
In RAN1 50bis, it was agreed to define a  dedicated reference signal pattern for frame structure 1 meaning that a dedicated reference signal pattern needs to be defined  for both frame structure 1 and frame structure 2 which are used for FDD and TDD respectively.  However, no reference signal pattern has yet been defined in ‎[6]. 

In the present contribution, we propose to adopt a density of 12 RS elements per resource block for frame structure 1 and the DL subframes of duration 1ms for frame structure 2.
2. Background and assumptions

The purpose of the present contribution is to investigate what number of resource elements is suitable in a resource block when beam forming is used. As a basic hypothesis we have assumed that estimation and demodulation for the resource block in question must utilize only dedicated reference symbols transmitted within this resource block. The reason for not utilizing dedicated reference symbols from other resource blocks with beamforming is that the eNodeB is free to change the pre-coding pattern between resource blocks, both in time but also in frequency, and the actual pattern used is unknown to the UE. The UE is thus faced with the problem of using the dedicated reference symbols within a single resource block for channel estimation, and then using this estimate for demodulating the data symbols within this resource block.
 Allocating a small number of dedicated reference symbols within the resource block will leave many symbols available for data transmission but will also result in a poor channel estimate and hence a larger symbol decoding error rate, whereas the opposite will be true if the number symbols for dedicated reference signaling is chosen large. Our task is to find a compromise between these two extremes that yields a good performance.

Patterns for dedicated reference signaling within a resource block have previously been suggested in e.g. [1] (6 or 9 symbols per resource block), [2] (different variants with 6, 8, 12 or 16 symbols per resource block), [4] (6 symbols per resource block) and [5] (6 symbols per resource block). In [1] simulations are reported for SNR between 0 and 5 dB, yielding a larger throughput for the pattern with 9 symbols. A larger simulation study is conducted in [2], with different channel models and Doppler speeds, but with quite high SNRs (15 and 25 dB). The conclusion there is that 12 to 16 symbols per resource block is optimal.
In the present study we consider also low SNRs, down to -6 dB, since this is the application scenario where beam forming has been suggested beneficial to improve the data rates at the cell edge. Our approach is based on a set of general approximate closed-form models. This approach has the advantage that no explicit assumptions about modulation and coding schemes are made. Indeed, the simulation results in [1] and [2] assume specific such schemes which are not adopted to the actual link performance; [2] also mentions this fact as a shortcoming of the simulation study.
3. Performance of a dedicated RS pattern

The performance of a certain dedicated RS pattern is affected by two terms:

· the channel estimation performance given the information in the RS pattern;
· the amount of resources used for RS instead of data.
To be able to compare these two terms, we will translate both effects into SNR and then calculate the total effective SNR. In the following subsections we go into details on the two terms.
3.1. Effective SNR from channel estimation

The channel model we assume is
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where s, h and e are the transmitted signal, the channel coefficient and noise respectively; these are all complex numbers. We assume that the channel is flat in the sense that h stays relatively constant with respect to time and frequency during a resource block. Now assume that there are d resource elements allocated for dedicated reference symbols within the resource block. We also assume that a channel estimate 
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is computed from these reference symbols by averaging the received signals after division by the respective known transmitted signals. Then 
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 is a complex random variable with mean h and variance σ2/d, where σ2 is the variance of e. We write this as
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where thus eh has zero mean and variance σ2/d. For a received value y, the transmitted signal s will be estimated as 
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where the approximation uses a first-order Taylor expansion about h of the reciprocal function. This expression makes precise the effect of the extra noise induced by the channel estimation. We can without loss of generality assume h=1, since the noise level will anyway be expressed as a signal-to-noise ratio (SNR) in which |h|2 appears as a normalizing factor. The variance of the noise in the estimated signal can then be computed as
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where E denotes expectation and superscript * denotes complex conjugate. All cross-products have zero mean since e and eh are uncorrelated; this is because the channel estimate is computed from symbols different from the one currently being demodulated. Likewise we assumed, again without loss of generality, that the average signal energy E|s|2 equals unity. In essence the effective SNR with channel estimation effects taken into account is
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where d is the effective number of pilots to average over.

3.2. Effective SNR from dedicated RS resource usage
To be able to sum up the two effects of a certain dedicated RS pattern, we have to translate the loss of data resource elements into SNR. We propose to do this by using the Shannon limit twice, first by going from SNR to bit density, reduce the effective space, and then back to effective SNR. This makes the use of Shannon’s theory more of a relative comparison and the actual distance between practical performance and theoretical limit does not affect the results much.
According to Shannon, the number of bits that can be transmitted in a certain time and bandwidth is limited by
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We now choose the frequency unit as the nominal spectral width of one LTE symbol (i.e. 15 kHz) and the time unit as the duration of one such symbol; whether the cyclic prefix is included or not is not important. The product T×BW then simply expresses the number of LTE symbols used for the (data) transmission.
The number of LTE resource elements in one resource block is 12×14 = 168, assuming the normal cyclic prefix. Of these we assume that the first 2×12 = 24 resource elements are used for downlink channel signaling, and hence available neither for dedicated reference signaling nor for data transmission. Another 12 resource elements are used for common RS, so altogether M = 132 symbols remain for dedicated reference signaling and data transmission. 
The effective channel capacity, by which we mean the total number of bits that can be transferred without error during the M-d symbols available for data within a resource block, can now be expressed as
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On a channel with perfect channel information, thus making channel estimation superfluous, and hence having M LTE symbols within a resource block available for data transmission, the channel capacity, in units of bits per resource block, would be
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We can thus construct an “equivalent” SNR, SNReq, that expresses the SNR that would hold on a channel about which we have perfect information and which has the same capacity as the channel that we are estimating, by solving the equation
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A measure of the loss suffered by the need to allocate symbols for channel estimation, and the impreciseness of the channel estimate so obtained, can then be obtained by computing the “SNR loss”

[image: image12.wmf].

1

)

/(

1

/

1

1

1

SNR

SNR

d

d

SNR

SNR

SNR

SNR

M

d

M

eq

loss

-

÷

÷

ø

ö

ç

ç

è

æ

´

+

+

+

=

=

-

 
(1)
This equation takes into account both channel estimation errors and loss of data resources due to pilots, and is valid for both high and low range SNRs (which does not hold for several of the references).

4. Results
4.1. Theoretical Performance
In Figure 1 the calculated SNR loss from (1) is shown for a range of channel SNRs with a varying number of dedicated reference symbols. It can be seen that up to a certain level, the performance at low SNR increases with the number of dedicated RS, whereas at high SNR the “wasted” data resources from a high number of dedicated reference symbols will reduce performance.
[image: image13.wmf]
Figure 1. SNR loss from a certain number of dedicated RS in each resource block (14x12 REs). As expected, a low number of dedicated RS shows less loss at high SNR where the channel estimation is easier (as related to low SNR), since more resource can be used for data – and vice versa.
4.2. Simulation Performance

To verify the results in Figure 1, the flat intra-RB channel estimator has been implemented in a full-scale simulator. Simulations have been run for varying number of dedicated RS, and the actual throughput after the full LTE demodulation and decoding chain has been compared to simulations with ideal channel knowledge and (almost) no RS. The following key simulation parameters have been used:

· Channel: EPA, 5 Hz (to obtain good channel estimation performance with RB averaging)

· Bandwidth: 10 MHz

· Simulation length: 10000 subframes

· Rate adaptation on (coding rate and modulation selected based on SIR)

· Channel estimation: Average over one RB

· RS patterns: 1, 2, 3 or 4 RS in symbols 0, 4, 7, and 11.

The results in Figure 2 do confirm the principal results in Figure 1; at low SNR, more pilots are necessary but that gives performance reduction at high SNR due to loss of resources. 
[image: image14.wmf]
Figure 2. SNR loss as calculated from simulations of 10000 subframes.

4.3. Recommendation
To be able to give a recommendation, we use Figure 1 to obtain a reasonable trade-off. We suggest that 8 or 12 dedicated RS gives about balanced performance at low and high SNR.  Recall that a basic assumption was that beam forming is used to improve the cell edge data rates, and hence we chose to optimize the pattern for low SNR. This means that our preference is 12 resource elements per resource block. 

In TDD operation there is the special field DwPTS, which may be viewed as a shorter, punctured time slot.  Once the flexibility in terms of possible DwPTS lengths and an actual pattern have been decided, we propose that RAN1 discusses the UE specific reference signal pattern also for this special time slot. 
5. Conclusion
In the present contribution, the number of resource elements to be used for UE specific reference signals was analyzed. We consider beam forming with UE specific reference signal to be used to improve cell edge data rates, and did not preclude that the eNodeB may change transmit weights from resource block to resource block. We propose to

· Adopt a UE specific reference signal pattern with 12 resource elements per resource block for DL subframes of length 1ms
The actual pattern as well as the design for the special field DwPTS are left for further studies.
References

[1] 3GPP R1-074561 “Dedicated RS pattern for DL beamforming”, ZTE
[2] 3GPP R1-07564 “Dedicated reference symbol patterns”, Motorola
[3] 3GPP R1-074623 “Open issues on dedicated RS”, Philips
[4] 3GPP R1-074624 “Dedicated reference symbol pattern”, Philips, NXP

[5] 3GPP R1-074634 “RS structure for dedicated transmission”, Nortel

[6] 3GPP 36.211,  v8.1.0

_1259556604.unknown

_1259663687.unknown

_1259663769.unknown

_1259663894.unknown

_1259648677.unknown

_1259652989.unknown

_1259654473.unknown

_1259650771.unknown

_1259574700.unknown

_1259503892.unknown

_1259504062.unknown

_1259503437.unknown

