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1. Introduction
Link level simulation results were presented in support of RS boosting and unequal EPRE on PDSCH [3][4]. The current agreement on DL EPRE setting, together with the list of open issues is captured in [1]. In this contribution, we present a set of system level results on this topic, as well as provide a number of proposals intended to help specify this feature.

The main points can be summarized as follows:

· Our simulations indicate that the benefits of RS boosting are limited. In fact, outside the low throughput range, losses are observed. On this basis, we propose to specify a limited number of RS boosting options; 2 bit signalling should be sufficient.
· We propose to simplify the signalling regime by removing the parameter P_B [2].
· For PDSCH REs of type C, we propose to set EC = EB .

· We propose not to consider PDSCH RE puncturing as a means of dealing with RS boosting.
· We propose that the UE should be able to assume that, for 16QAM and 64QAM, EPRE offsets are explicitly signalled and that the offsets applied in the eNB are equal to the signalled ones.
2. Terminology
In this document, we adhere to the terminology of [1], namely we distinguish between the following PDSCH RE types, corresponding to OFDM symbols with:

· A: only PDSCH REs.

· B: PDSCH REs and RS (also contain ‘antenna holes’ in the case of 2 & 4 antenna ports).

· C: PDSCH REs and ‘antenna holes’ (only applicable to 4 antenna ports).

The following EPRE ratios are defined:
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Where Ex denotes the EPRE of resource elements of the corresponding type.
3. Discussion

3.1. Simulation Results

Figures 1 and 2 depict the system performance (user throughput c.d.f.) for RS boosting of {0, 1, 2, 3} dB (PA of {0, ‑1, ‑2, ‑3} dB). In OFDM symbols of type B, the PDSCH EPRE is scaled to ensure constant energy for each OFDM symbol. (Simulation assumptions are detailed in Annex A.) These results were obtained with the ‘extended link level’ methodology, i.e. full TX/RX chains were present, rather than modelled by link/system interfaces. Thus, the impact of RS boosting on channel estimation and intercell interference is very accurately captured.
In the simulated scenarios, RS boosting is seen to lead to a performance loss, rather than gain; perhaps with the exception of the low-throughput region of figure 2 where minor gains can be observed.

Although the results presented here are not exhaustive, they lead us to question whether justifying RS boosting via link level simulations is sufficient [3][4], especially in absence of the analysis of the multi-code block scenario and intercell interference.
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Figure 1 System simulations assuming EPRE variation; 1 Tx / 2 Rx.
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Figure 2 System simulations assuming EPRE variation; 2 Tx / 2 Rx rank 1 precoded closed-loop transmission.

3.2. RS Boost Limits

If the RS is boosted, PDSCH REs of type B are deprived of some energy to ensure constant TX power for each OFDM symbol. In the limit, the RS boost of 6 x average_EPRE_at_max_output_power (PA = -7.8 dB) leads to EPREB = 0 (PB = -inf dB) in the single TX antenna case, which is unacceptable. We propose to limit RS boosting to PA, min = -3 dB and PA, max = 3 dB, which gives PB = ‑1.0 dB and 0.4 dB in the single Tx antenna case. Two bit PA signalling should be sufficient.
Further, we observe that the recent RAN4 agreement ([5] section 6.3.1) specifies limits on PDSCH EPRE when eNB operates at maximum output power. For example, RE power control dynamic range of 0 dB for 64 QAM implies that the network is not required to support 64QAM in combination with RS boosting at maximum transmit power.

3.3. Signalling Requirement
As almost no gains were observed from boosting the RS, the limited range for PA was proposed in the previous subsection. If the PA range is narrow, it follows that the range for PB is narrow, too, and the sense of signalling PB as a separate parameter must be questioned. We propose to avoid PB signalling altogether, and instead to derive it based on PA and the antenna configuration, with the assumption of constant OFDM symbol energy. A table could be provided in 36.213 to make the relationship unequivocal.
3.4. PC Setting

In our view, small gains achievable by allowing PC (PB  do not justify the increased receiver complexity. Therefore, we propose to always set PC =PB.
3.5. Puncturing vs. EPRE Variation

PDSCH RE puncturing has been proposed as an alternative or additional method to keep OFDM symbol power constant. The concern is that, if PDSCH EPRE is allowed to vary then PA < 1 implies EB  < EA , which might lead to adverse consequences in a multi-code block scenario. While such a possibility cannot be completely excluded, there exist some mitigating factors, as well as arguments in favour of EPRE variation:
· Both EPRE variation and RE puncturing penalize the FEC coding performance somewhat (the former already described, the latter increases the coding rate for a fixed payload). As long as PA is reasonable, i.e. no lower than -5 dB, we expect both methods to provide similar end performance.

· From our system level simulations, the small benefits of setting PA < 1 are limited to the low throughput range. This indicates that it might only be worthwhile in scenarios where low MCSs are dominant, which implies a small number of code blocks per transport block.
· While RE puncturing could be used to deal with PA < 1, it cannot address the case of PA > 1; EPRE variation is needed in the latter case. It is undesirable to specify two different mechanisms (puncturing and EPRE variation) to address essentially the same problem, and make their usage dependent on the value of PA .

Based on this discussion, we propose not to consider PDSCH RE puncturing.

3.6. EPRE Offset Signalling for HOM

E-UTRA imposes strict processing latency requirements. If the UE is required to estimate the PDSCH power, extra delay is added to the PDSCH processing and the UE must potentially buffer the whole sub-frame in order to get a good power estimate for use in the demodulation. In order to reduce the processing latency, it was earlier decided not to have a sub-frame interleaver and a frequency first mapping for PDSCH. Requiring the UE to estimate the PDSCH power for demodulation will then void the reduced latency from these earlier decisions. It has already been agreed for 64QAM that the UE may assume that the used power is the same as the signaled power, while for 16QAM this is still open. From the system perspective, we do not see that fast DL power control for PDSCH is needed as link adaptation will be sufficient. In order minimize the latency and simplify UE implementation and testing by having the same processing for 16QAM and 64QAM, we propose that the UE may assume also for 16QAM that EPRE offsets are explicitly signalled and that the offsets applied in the eNB are equal to the signalled ones.

Annex A: System Level Simulation Assumptions

EPRE variation was investigated by means of extended link level simulations. Altogether 19 sites (3 sectors/cells per site) are modelled at the link level in 3GPP case 1 scenario (ISD = 500 m). The 9-tap extended GSM channel model has been selected for simulations and the UE velocity is set to 3 km/h. A system bandwidth of 10 MHz and full system load are assumed. User throughput c.d.f. in the center cell is chosen as performance criterion. RS subcarriers are shifted in frequency in neighboring cells and the same RS boosting value of {0, 1, 2, 3} dB is applied to all 57 cells in the system.

Two antenna configurations are investigated: 1 transmit (Tx) / 2 receive (Rx) antennas as well as 2 Tx / 2 Rx assuming a rank 1 precoded closed-loop transmission. Channel estimation is performed with a 2D Wiener filter over 1 sub-frame RSs. Curves assuming ideal channel knowledge serve as reference.  
The RE power is scaled in symbols with boosted RS such that OFDM symbol power is kept constant.
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