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1. Introduction

Previous RAN1 discussions of UE measurement feedback (discussed at RAN1#22, #23 and recorded in TR
25.858) adopted the TFRC approach as the working assumption but also recognized that RAN4's
assessment of the UE measurement procedure was required before finalization of any decision.

The subsequent discussion of UE measurement requirements at RAN4#21 (Sophia Antipolis, January 28 —
February 1) tentatively settled on throughput measurement using H-ARQ as the basis for testing.
Discussions of the feasibility of testing the performance of the UE measurement report led to a divergence
of opinion, however, as captured in the following two views:

View 1: The UE measurement report should be assessed based on throughput assessment where the Node-
B test apparatus transmits the exact TFRC reported by the UE.

View 2: The UE should report an SNR statistic, which would be converted into a transmitted rate by the
Node-B test apparatus using a specified Adaptive Modulation Controller (AMC).

Discussion of the merits of each view, led to liaison statement [1] in which RAN4 seeks clarification of the
issues raised, and specifies some areas where input from RANL is requested. This document offers some
observations on the issues raised by RAN4.

2. RAN4 [ssues

Liaison statement [1] seeks clarification on a series of issues. The following assessment is offered to each
issue.

2.1. View-1 (TFRC-Related)Issues

Would the*TFRC indication’ capture all possible permutationsin order to provide efficient indication to
the Node-B

Since the TFRC only reports that a particular TFRC (or a lowerrate TFRC's) can be received at a

particular SNR, it does not seem possible for the Node-B to infer receiver performance at a different power
level than P since the receiver architecture or ‘ performance table’ is not known to the Node-B.

For example, if the UE reports TFRC level 1 then the UTRAN can state “if the Node-B offered 12dB more
HS-PDSCH power than the default P_ then TFRC 1 can be received”. This does not seem to explain,

however, the means by which Node-B should infer the achievable bit rate at, say, 6dB more power than P

unless it a) transforms the TFRC into some kind of scalable SNR metric, and b) makes certain assumptions
about the UE receiver architecture or performance mapping “table” as a function of HS-PDSCH radiated



power. If the Node-B is to make these assumptions, especially the generation of an SNR metric, it does not
seem useful engineering to apply the additional transformation of the TFRC mapping to the UE report.

Can the TFRC’s be listed in order so that their support for the UE is ‘inclusive’ (i.e. if the UE can fulfill
thetarget BLER for a given TFRC, it can also fulfill it for other TFRC’sin a deterministic way)?

If the Node-B is only required to infer that, for a reported TFRC a lower TFRC can be received then this
statement is definitely true. It seems unclear, however, how the Node-B should identify the sustainable rate
when the Scheduler considers transmission at HS-PDSCH power levelshigher than B, .

Does the TFRC reporting method address the issues raised in R4-020460, which are needed to complete
the performance requirements for RAN4?

This appears not to be the case; consider the following reasons:

a) Restriction to 5 Codes — the current reference TFRC set is based solely on a 5-code reference set.
Testing of the UE according to View 1 (where the Node-B transmits exactly the requested TFRC)
prevents testing at any rate other than the TFRC reference set rates and for any code set size other
than 5 codes. Accordingly, testing of transmissions using 1-4 codes seems to be prevented, and
testing of the 10- and 15-code UE reference capabilities at the limit of their capabilities also seems
prevented.

b) Measurement Definition — no clear definition of the signal processing used to drive the TFRC
mapping process is available. Accordingly, it is difficult for the designer to assess the feasibility
and likely performance of the technique.

¢) UE Performance Prediction — the UE’s internal performance “table” is not available to the
Node-B, and so performance prediction at other rates and power levels again seem prevented.

2.2. View-2 (SNR-Related) Issues
How would the SIR reporting take into account different radio conditions?

A precise description of how the UE would deal with different radio conditions is offered in [2]. In
summary, the UE is required to process the CPICH symbols in the same way as the HS-PDSCH data
processing path. For the RAKE receiver, for example, this means the CPICH symbols are combined in the
same way as the HS-PDSCH data symbols, and so the CPICH SNR is sufficient to predict the HS-PDSCH
despreader output SNR. As discussed in [2] and reported in Figures 1 and 2 of [3], since the HSPDSCH
despreader output SNR seemsto be the primary determinant of receiver performance, this provides a useful
basis for the Node-B to predict the receiver performance for a £ or subsequent transmission using the
following equation:

Eq Cs
S\IRHS- PDSCH — = ~
ECp CP

S\IRCPICH (l' 1)
where C,/C is the ratio of HS-PDSCH to CPICH spreading factors (and so equal to 1/16), E, /E_ is
the ratio at the Node-B of the energy E, per chip per HSPDSCH code to the energy per pilot chip E_,
and AR, isthe UE measurement report. Notably, all these parameters are available at the Node-B.

There has been some discussion on the WGL reflector that — since the reported SNR metric does not take
into account the performance of the turbo-decoder —then the full performance of the UE receiver cannot be
inferred by the Node-B since the Node-B has no knowledge of the number of iterations used at the receiver



turbo-decoder. Further to this, Figure 1 shows block error rate (BLER) vs. E,/ N, for different numbers of

turbo-decoder iterations. It can be seen that the difference in performance between 10 iterations and 3
iterations is relatively small, at approximately 0.35dB at 30% BLER. The variation in decoder performance
as afunction of turbo codeword sizeis, of course, predictable by the Node-B.

Some concern has also been expressed on the WGL reflector that the SNR metric generated according to
[2] may not accurately reflect different channel conditions. Performance data showing how the estimated
CPICH SNR varies with channel impulse response appears in Figure 2and Figure 3for single code HS-
PDSCH transmission at HS-PDSCH E_/ 1, of -10dB (the simulation parameters were revised to match the
simulation parameters suggested in [4]). In each case, the relationship between BLER and the estimated
CPICH SNR valueis shown, assuming a RAKE receiver.

It can be seen from Figure 2 and Figure 3 that the variation in estimated CPICH SNR (estimated over a 1-
TTI interval) with channel type at a BLER of 0.3 is less than approximately +0.1 dB at 3km/h and +0.2 dB
at 30km/h. These results seem to be within the accepted variation in UE performance over manufacturing
and temperature, and comparable with the achievable accuracy of conventional RF test apparatus. Further
they seem to be consistent with prior HSDPA system simulation SNR reporting errors which were assumed
log-normally distributed with avariance of 1-3dB.

Note that — since the CPICH SNR estimate need not be delivered by the UE until after turbo-decoding and
ACK/NACK generation — use of alength-TTI estimation interval rather than the TTI/3 estimation interval
described in [2] does not affect the UE signal processing critical timing path, and makes only a minor
difference to total UE complexity since the algorithmic requirements for the TTI/3 case are relatively low
(see[2]).

Further, analysis of the difference reported in Figures 1 and 2 of [4] between HS-DSCH BLER vs. HS
PDSCH despreader output SNR at 30% BLER for the Pedestrian-A (3km/h) and VehicularA (3km/h
channels) for different TFRC's appears in Table 1. It can be seen that the mean absolute difference is
around 0.35dB, which again appears consistent with the data reported in Figure 2 and Figure 3 below.

TFRC TFRC 1 TFRC 2 TFRC 3 TFRC 4 TFRC 5 TFRC 6
Ped-A SNR -2.8 0.8 39 6.1 7.8 10.0
Veh-A SNR -2.5 11 4.2 5.8 8.2 105
Difference (dB) -0.3 -0.3 -0.3 0.3 -0.4 -0.5

Table 1 - Required HS-PDSCH despreader output SNR vs. channel type (30% BLER)

It seems, therefore — based on the currently available data — that the CPICH-derived SNR can accurately
reflect the combined SNR at the RAKE combiner output over different channel conditions.

How well would the SIR take into account different receiver implementations?

If advanced receivers are used (and this is for further study in RAN4), the SNR method can deal with this
by generating the CPICH estimate using the same data processing path as the advanced receiver.
Accordingly (as described in detail in [2]), the reported SNR statistic permits the Node-B to estimate the
SNR at the HS-PDSCH despreader output given some defined HS-PDSCH power allocation (at the
discretion of the Node-B scheduler).



It is worth noting that the TFRC mapping “table” for advanced receivers has not so far been shown to be a
straightforward UE design challenge. For example, for the case of the equalizer type of advanced receiver,
performance mapping might require knowledge of for /1, , the multipath channel from the HSDPA -serving
cell, the power spectrum of |__, and so on. The method of constructing such a table — and more

oc’

importantly, whether it can be constructed at all — has yet to be demonstrated.

3. Conclusions

For UE designers facing the need to implement the TFRC method, further work seems to required to make
clear its definition, potential measurement performance and the means by which it would exploited by the
Node-B. It seems that the definition, performance and complexity of the SNR reporting method has been
studied more extensively so far.

RAN1’ s options (to be reported back to RAN4) appear to be to:
a) accept the current TFRC-based measurement report as presently defined,

b) work to clarify the definition and operation of the TFRC-based report, so that UE designers have
aclearer vision of the requirements, or

c) adopt asimpler UE measurement whose requirements are defined, such as the SNR report outlined
in[2]. If this courseis adopted, suggested text for TS 25.214 appearsin Appendix A.
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5. Appendix A
The proposed text for arevised Section 7.2 of TS 25.214 is asfollows.
7.2 Measurement feedback procedure

7.2.1 UE procedure

For the purpose of UE measurement reporting, the SNRgpich (dB) describing the SNR of the CPICH symbol
process observed at the output of the HS-PDSCH receive path, shall be uniformly quantized to P bit
precision over the range A rin (dB) t0 A rax (dB) (A min and Ann integers) according to the following steps:

1a) SN chich —> SN chich - Am'n

1b) SNRepich—> floor(SNRepich+0.5)
1C) SN chi ch—> max(OF,) SN chi ch)
ld) SNF‘)cpich - min(2 -1, SN chich)
1e) Report SNRepich



where the floor function is equivalent to integer rounding towards minus infinity. At the Node-B, the value
of SNRicn shall be recovered according to:

2a) SN chich —> SN F‘*’cpich + Amin

The values of P and Ay, shall be 5 and —3dB respectively, thereby allowing quantization of SNRepich over
the reported range -3dB to 28dB with 1dB resolution.

7.2.2 Parameters provided to the UE measurement feedback operation
Following connection specific parameters are informed to the UE by higher layer signalling:

1) Measurement feedback cycle k. k has a possible vaue of [1,5,10,20,40,80] corresponding to the
feedback cycle of [2,10,20,40,80,160] msec. In addition, with the indication k=0, measurement feedback
can be shut off completely. (Note: It is to be determined whether k can have two values, in which case that
k is selected depending on HS-DSCH activity.)

2) Measurement feedback offset|. The exact definition of | isto be determined.

The use for the measurement feedback cycle k and feedback offset | isillustrated in Figure 3. (Note: The
timing relationsin the figure do not reflect the differencesin DPCH frame offset.)
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Figure An illustration of feedback measurement transmission timing
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Figure 1.

Turbo-decoder performance vs. iteration number.




HS-DSCH BLER vs. Est. CPICH SNR - TTI Est. Intvl.
Practical channel est., Ec/lor = -10dB, 1 HS-PDSCH Code
TTI Est. Interval, Channel: 3km/h, Flat, Case 1, 2-Ray [0,-6]dB
!-!-:___-!-!-:-:-:__-_!-!I-:-!

P T A S S P VL S FC U (N
T N ST 0

BLER

i ]

17 175 18 18.5 19 19.5 20
Est. CPICH SNR
Figure 2. BLER vs. estimated CPICH SNR — TTI estimation, 3km/h.
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Figure 3. BLER vs. estimated CPICH SNR — TTI estimation, 30km/h.



