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1. Overall Description:

RAN WG4 would like to thank RAN WG1 for their LS in R4-101853 entitled “LS on CSI RS boosting impact on BS transmission distortion”. The LS contains two questions and RAN WG4 would like to provide the following answers:
Q1: For a BS transmitting at an antenna with maximum power when all the REs have the same EPRE and using a PA corresponding to practical implementations, how is the noise level per RE due to non-ideal PA behavior on PDSCH REs, CSI RS REs and silent REs affected when the CSI RS is boosted in the above mentioned manner or conceivable manners using boosting values as implied by N equal to 2, 4, or 8? The power boosted REs can occur at one or two OFDM symbols in as often as every 5 ms. 
For the question particularly related to noise level due to the CSI RS boosting, RAN WG4 considered the following aspects:

· Phase noise: the OFDM sub-carriers are orthogonal only when they are sampled at the right time. Phase noise will translate the sampling error as interference between sub-carriers. As power boosting is applied to CSI RS, the neighbouring sub-carriers would experience increased noise from the sub-carriers where CSI RS is placed.
· In band distortion caused by PA inter-modulation products: when the IMD products are considered in terms of sub-carrier, the IMD products caused by the power boosted sub-carriers where CSI RS are located would generate additional noise to adjacent sub-carriers.
The following RF requirement specification limits the in-band noise level:  
· The worst case average TX noise (in dB), as generated per TX antenna, can be upper bounded by the EVM requirement (TS36.104, clause 6.5.2) according to the expression 20*log(EVM % / 100). This results in a worst case aggregated TX noise, across any RE, of  20*log(0.175 [QPSK]) + 10*log(N) relative to the average EPRE per TX antenna.  
For the question related to the impact on different REs, RAN WG4 concluded the following:

· The mentioned types of REs suffer more noise if they are closer to REs with power boosting. 
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?
There will be out-of-band inter-modulation products generated due to CSI RS power boosting. 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 RAN WG4 investigated the impacts due to CSI RS boosting considering practical TX spectrum shaping filters and non-linear PA [1]. 
While the exact impact due to CSI RS boosting is BS implementation dependent, RAN WG4 observed the following:
· for N = 4 the related 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.
RAN WG4 concluded that unless sufficient gain can be justified to offset the disadvantages brought by CSI RS boosting by 9 dB (N = 8) outlined above, there is a preference to avoid CSI RS boosting by 9 dB (N = 8). 
2. Actions:
To RAN2:
RAN4 kindly asks RAN1 to consider the above information in its further work.
3. Date of Next RAN WG4 Meetings:

3GPPRAN4#3   
28 Jun - 2 Jul 2010     
Bratislava,   SK
3GPPRAN4#56  
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