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1. Introduction
RAN4 received from RAN1 the LS in [1] regarding the CSI RS boosting impact on BS transmission distortion. 
The LS contains the following question:
Q2: Are there any other foreseen impacts on other RF performance parameters, e.g. emissions, in relation to the CSI RS design problem that RAN1 should be aware of?

2. Discussion

With CSI RS boosting it will be more difficult for the BS to meet operating band unwanted emissions (TS36.104, clause 6.6.3) and in particular, some of the regional emission limits (FCC limits, TS36.104, clause 6.6.3.3). As most of these unwanted emission requirements have a regulatory background they cannot be relaxed and hence must be met with better BS RF performance. In this respect, the impacts due to CSI RS boosting considering practical TX spectrum shaping filters and non-linear PA need to be investigated. 
This was carried out by a simple simulation model for 5 MHz LTE for N = 8 (9 dB boost of CSI RS) and N = 4 (6 dB boost of CSI RS). The simulation assumptions, including the CSI RS boosting pattern, are listed in Appendix A. It shall be noted that a simple PA model without linearization algorithms was used (soft clipping). The results are conservative in that the OFDM symbol carrying the boosted CSI-RS is repeated for every symbol, so no time averaging gains are reflected (worst case).

Fig. 1 shows an extract of the OOB emissions at the channel edge for N = 8 and N = 4 and shall be compared against the reference case with a flat PSD shown in Fig. A-1. The FCC limits are the limiting emission requirement here.
Fig. 1. Extract of the OOB emissions at the channel edge for N = 8 (9 dB boost) and N = 4 (6 dB boost) 
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One can observe that 
· TX filter margin at the start of the SEM from ~7 dB in the reference case was reduced by ~1 dB for N = 8 and close to nil for N = 4.
· IMD3 ripples from PA are negligible for N = 4 whilst for N = 8 some mask violation can be seen at the “FCC knee” at 1 MHz offset. 
It was also found that boosting a whole PRB by 9 (6) dB at the channel edge had a much larger effect than only 1 RS RE (not shown here).
Similar observations as above were also made for 3 MHz LTE (not shown).

In summary, 6 dB CSI-RS boost seems acceptable with minimal impact on BS RF performance. 
With 9 dB CSI-RS boosting some impact due to PA non-linearity is expected which would require either a more linear transmitter or some RF output power reduction.
3. Conclusion

In this contribution we investigated the impacts due to CSI RS boosting considering practical TX spectrum shaping filters and non-linear PA. While the exact impact due to CSI RS boosting is BS implementation dependent, one can observe the following:

· for N = 2, 4 the impacts on BS RF performance are negligible

· for N = 8 (9 dB CSI RS boosting) some impact due to PA non-linearity is expected which would require either a more linear transmitter or RF output power reduction.

We conclude that from a RF performance perspective there are no concerns for CSI RS boosting up to 6 dB (N = 2, 4), however, that there is a preference to avoid CSI RS boosting by 9 dB (N = 8).
It is proposed to take the results of this contribution into account when replying to the LS in [1]. A corresponding draft Reply LS is provided in [2].
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Appendix A: Simulation assumptions

5 MHz LTE

typical TX filter used, designed for meeting SEM / FCC limits 

· 60 W TX power

· Simple PA model (soft clipping), no linearization algorithms

· Backoff set to just meet UMTS SEM (FCC limits) for reference case (flat PSD), see Fig. A-1
· 5% … 8% EVM, clipping is used
Fig. A-1. Reference case (flat PSD)
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1 CSI-RS per PRB, boosted by 9 (6) dB. To keep same TX power, 7 (3) other RE within the PRB are nulled as shown in Fig. A-2
· CSI-RS boosted at channel edge (worst case)
· This is repeated every symbol, no time averaging gains used (worst case)
Fig. A-2. Extract of boosted CSI RS pattern at the channel edge for N = 8 and N = 4

[image: image3]

 SHAPE  \* MERGEFORMAT 
[image: image4]























































































3GPP


[image: image6.png]PSD [dBm/A0 kHz]

E3

0

15

PSD, oversampled signal

— PSD
— UTRA SEM
— E-UTRASEM

FCC limits for 5 MHz E-UTRA

21
Frequency [Hz]




[image: image7.png]PSD [dBm/A0 kHz]

pil

10

-0

PSD, oversampled signal

— PSD
— UTRA SEM
— E-UTRASEM

—— FCC limits for 10 MHz E-UTRA ||

(5 1 15 2 25 3 35 4
Frequency [Hz]

45




[image: image8.png]PSD [dBm/A0 kHz]

0

pil

-0

PSD, oversampled signal

PSD
UTRA SEM
E-UTRA SEM

FCC limits for 10 MHz E-UTRA

[5 1 15 2 25 3 35
Frequency [Hz]

4 45




[image: image9.png]PSD [dBm/A0 kHz]

40

PSD, oversampled signal

0

pil

10+

PSD
UTRA SEM

E-UTRA SEM
FCC limits for 5 MHz E-UTRA

i
25 3
Frequency [Hz]

10




