
TSG RAN WG4 meeting #54
R4-100415
San Francisco, US, 22nd – 26th February, 2010
Source: 
Nokia
Title: 
Impact of the control channel power settings on LTE UE demodulation tests
Agenda Item:
5
Document for:
Discussion
1. Introduction
In the current LTE performance requirements, a uniform boosting is assumed for all physical channels relevant for the test setup (PBCH, SSS, PSS, PCFICH, PDCCH, PHICH, PDSCH, OCNG). This implies that the energy of each resource element is scaled according to parameters ρA and ρB, which represent the ratio of PDSCH EPRE to cell-specific RS EPRE among PDSCH resource elements. Futhermore the transmitted spectral density Ior shall be kept constant throughout the OFDM symbols.
For the purpose of RAN4 performance simulations, it has been assumed that the control channel errors have a negligible impact on the PDSCH throughput, hence implying that the control channels have not been accounted in the simulations targeting for the PDSCH requirements.
The purpose of this contribution is to verify whether the hypothesis of negligible control channel error rate, in particular due to PDCCH/PCFICH errors, is valid in the view of the current power settings.
2. Control channel performance in PDSCH tests
First, it is assumed that the PDCCH and PCFICH form the primary control performance bottleneck in the PDSCH simulations, i.e. no extra boosting is expected for the synchronization signals and PBCH.

The evaluated scenarios and their minimum requirements (SNR to reach the x% throughput) can be found in Table 1 below. All cases with requirement level less than 2 dB are included.
Table 1 – PDSCH test cases with requirement level < 2 dB
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channel

antennas

tp

FDD

TDD

# CCE

PCFICH_RB

PDCCH_RA

PDCCH_RB

tot boost

1

10 MHz

EVA5

1x2 Low

70

-1,0

-1,2

8

4,0

4,0

4,0

4,00

2

10 MHz

ETU70

1x2 Low

70

-0,4

-0,6

8

4,0

4,0

4,0

4,00

3

10 MHz

ETU300

1x2 Low

70

0,0

-0,2

8

4,0

4,0

4,0

4,00

4

10 MHz

HST

1x2 Low

70

-2,4

-2,6

8

4,0

4,0

4,0

4,00

5

1.4 MHz

EVA5

1x2 Low

70

-0,5

-0,5

4

2,7

1,3

2,7

1,50

7

10 MHz

ETU70

1x2 Low

30

1,4

1,4

8

4,0

4,0

4,0

4,00

16

3 MHz

ETU70

1x2 Low

30

1,9

2,1

8

2,9

2,6

2,9

2,66

17

10 MHz

ETU70

1x2 Low

30

1,9

2,0

8

4,0

4,0

4,0

4,00

18

20 MHz

ETU70

1x2 Low

30

1,9

2,1

8

4,0

4,0

4,0

4,00

1 PRB

1

10 MHz

ETU70

1x2 Low

30

2,0

2,0

8

4,0

4,0

4,0

4,00

2

10 MHz

HST

2x2 Low

70

-2,3

-2,3

8

0,8

0,8

0,9

3,83

1

1.4 MHz

EPA5

4x2 Medium

70

0,2

-0,2

4

-1,7

-2,3

-2,8

0,60

1

10 MHz

EVA5

2x2 Low

70

-2,5

-3,1

8

0,8

0,8

0,9

3,83

2

10 MHz

EPA5

2x2 High

70

-2,8

-3,3

8

0,8

0,8

0,9

3,83

1

10 MHz

EVA5

4x2 Low

70

-3,4

-3,7

8

-3,5

n/a

-3,5

2,50

1 

10 MHz

EPA5

1x2 Low

70

-0,8

-0,8

8

4,0

4,0

4,0

4,00

4 

10 MHz

EPA5

1x2 Low

30

1,7

1,7

8

4,0

4,0

4,0

4,00

DRS

PDSCH

TX diversity

Single-layer SM

max PDCCH/PCFICH boost

parameters

requirement [dB]

case




Shown in Table 1 are also the largest possible boosting values in terms of xCH_RA and xCH_RB, plus the total available boosting reserves compared to the PDSCH EPRE. As can be seen, it is not possible to apply the maximum boosting (4 dB) in all scenarios. This is in particular the problem of the 1.4 MHz scenarios, where also the coding rate is limited up to 4 CCE. It should be noted that, for the cases with less than 4 dB boosting available, the boosting reserve is often specific to a control symbol due to the uneven allocation of the control resources between the control symbols.
The PDCCH/PCFICH performance figures for the above scenarios are summarized in Table 2 below. The PDCCH/PCFICH BLER without any boosting represents the PDCCH/PCFICH performance at respective PDSCH test point plus an implementation margin to account the UE non-idealities. The boosted BLER is then obtained by shifting the non-boosted performance by the amount of maximum total boosting given in Table 1. It should be noted that the shifting approach gives somewhat optimistic results, as the reference signal power is not boosted. Only FDD performance is considered, except for the DRS where TDD is assumed.
Table 2 – PDCCH/PCFICH BLER
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1 10 MHz EVA5 1x2 Low 70 < 0.1 % < 0.1 %no boost needed

2 10 MHz ETU70 1x2 Low 70 < 0.1 % < 0.1 %no boost needed

3 10 MHz ETU300 1x2 Low 70 < 0.1 % < 0.1 %no boost needed

4 10 MHz HST 1x2 Low 70 < 0.1 % < 0.1 %no boost needed

5 1.4 MHzEVA5 1x2 Low 70 3 % 0.9 %performance to be checked

7 10 MHz ETU70 1x2 Low 30 < 0.1 % < 0.1 %no boost needed

16 3 MHz ETU70 1x2 Low 30 < 0.1 % < 0.1 %no boost needed

17 10 MHz ETU70 1x2 Low 30 < 0.1 % < 0.1 %no boost needed

18 20 MHz ETU70 1x2 Low 30 < 0.1 % < 0.1 %no boost needed

1 PRB 1 10 MHz ETU70 1x2 Low 30 < 0.1 % < 0.1 %no boost needed

2 10 MHz HST 2x2 Low 70 < 0.1 % < 0.1 %no boost needed

1 1.4 MHzEPA5 4x2 Medium70 6 % 4 %performance to be checked

1 10 MHz EVA5 2x2 Low 70 < 0.1 % < 0.1 %no boost needed

2 10 MHz EPA5 2x2 High 70 7 % 0.3%performance to be checked

1 10 MHz EVA5 4x2 Low 70 0.3 % < 0.1 %with max boost OK

1  10 MHz EPA5 1x2 Low 70 1 % < 0.1 %with max boost OK

4  10 MHz EPA5 1x2 Low 30 0.2 % < 0.1 %with max boost OK

conclusion

PDSCH

TX diversity

Single-layer SM

DRS



case

parameters PDCCH/PCFICH BLER


As can be seen, the PDCCH/PCFICH BLER of the most demodulation scenarios is below 0.1 % without any power boosting. For  three cases, including single-layer SM with 4 TX antennas and the two DRS scenarios, the PDCCH/PCFICH BLER can be decreased below 0.1 % by applying the maximum available boosting (4 dB). However, for the three cases highlighted in red, the PDCCH/PCFICH BLER is above 0.1 % after the maximum boosting.
The above consideration are expected to apply for TDD as well, however some specific consideration might be needed for the PDSCH case 16, where the number of CCE in special subframes is limited to 4 due to the reduced number of control symbols (that is two).
3. Proposed way forward
For most of the performance scenarios, no changes seem to be needed.
For the scenarios listed below, the xCH_RA and xCH_RB parameters should be modified to correspong the maximum available boosting:
· SIMO test 5

· TX diversity 4x2 test 1

· Single-layer SM 2x2 test 2

· Single-layer SM 4x2 test 1

· DRS test 1

· DRS test 4

In order to keep the Ior constant throughout the control symbols, the OCNG power settings would need to scaled accordingly. As the OCNG power would need to be adjusted per-control-symbol basis, the OCNG_RA and OCNG_RB parameters could not be used as currently. However, as the control region OCNG has no impact on the PDSCH performance, it could be considered whether the exact control OCNG parameters need to be specified in the scope of RAN4 at all. Instead, it might suffice to note in 36.101 e.g. that  “the unallocated resource elements in the control region shall be occupied by OCNG in such manner that the Ior is constant throughout the subframe”. It would be then up to RAN5 to specify the exact OCNG power settings or consider whether this could be left for the test equipment manufacturers to implement, mandating only the constant Ior.
For the three potentially problematic cases highlighted red in Table 2, further simulations would be needed to confirm the impact on PDSCH performance and consequently on the requirement level. In case the impact with maximum boosting would not be negligible, e.g. not within 0.1 dB, it needs to be considered whether some additional relaxation is needed.
4. Conclusions

We have considered in this contribution the impact of the control channel boosting settings on the PDSCH performance. Based on the simulation results, no modifications are needed for most of the demodulation scenarios. However, for six low-SNR scenarios, the PDCCH power needs to be increased in order to achieve the low-error operation. Some further studies are needed for three scenarios in order to asses the performance impact.
