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Discussion and Decision
1
Introduction
At RAN1 #75 meeting, it was agreed to capture the following in the TR in higher order modulation section, 
· RAN1 finds DL higher order modulation, i.e. 256QAM beneficial in evaluated indoor sparse small cell scenarios with low mobility

· RAN1 recommends to support DL higher order modulation, i.e. 256QAM
For the possible incurred standard impact, it was agreed to
· Introduce new CQI/MCS entries if 256QAM is introduced

· The size of CQI/MCS table is FFS

· Higher layer signalling is used to configure CQI/MCS table and/or 256QAM

· Introduce new TBS entries if 256QAM is introduced

· Size of feedback field is 4 or 5 bits if 256QAM is introduced
Additionally, RAN4 has provided guidance on the practically achievable EVM values to assume for DL higher order modulation in [1]. At RAN1#75 it was further observed that the application of power backoff may lead in system performance degradation in certain scenarios, see e.g. [2,3].

In this contribution we discuss the application of eNB power backoff for enabling low Tx EVM for efficient 256QAM operation. 
2
Impact of overall SC Tx power backoff to system performance
It has been pointed out in [1] that a low Tx EVM level of 3-4% can be achieved for 24dBm small cell eNBs when a 1-3 dB power backoff is applied. Without backoff, a Tx EVM level of 8% is assumed. This leads to comparing the performance of i) 24dBm transmit power with 8% Tx EVM, and ii) 21-23dBm transmit power with 3-4% Tx EVM.
In [2] it was observed that if a general power backoff of e.g. 2 dB is applied in the small cell layer in small cell scenario 2a, there is no more system level UPT gain available from enabling 256QAM. This is due to reduced offloading capability of the SC layer when power backoff is applied. In case of more isolated SC layer and macro layer of scenario 2b, the system performance gains can be obtained even with the power backoff assumption is taken. In order to enable the gains from 256QAM in a wider range of scenarios, including scenario 2a, it is therefore of interest to enable the power backoff in such a manner that does not impact the SC layer coverage / offloading capability.

Observation 1: Overall power backoff enabling low Tx EVM should not be applied in case the system performance is degraded due to reduced SC layer coverage.
During RAN1#75 it was discussed, and also captured in [3], that applying a CRE offset could retain back the load levels of the SC and macro layers, such that the macro layer load would not be impacted by the reduced power of the SC layer. However, it needs to be noted that such CRE adjustment and optimization could be also applied in the baseline case of 24dBm small cell transmit power. In case CRE adjustment is optimized separately for the nominal and reduced power cases, it is clear that the reduced power SC layer would again provide degraded offloading capability as compared to the nominal, full power case. Therefore, application of CRE does not necessarily imply that the power backoff and 256QAM would provide overall system performance gain in all scenarios.
Observation 2: In case CRE adjustment and optimization is considered for both the nominal and reduced SC eNB power cases, it is not clear that the overall system performance is improved by enabling 256QAM transmission together with a power backoff in all scenarios.

3
Dynamic SC eNB Tx power backoff

As discussed in the preceding section, applying an overall eNB power backoff in the SC layer may result in system performance degradation due to reduced offloading capabilities. Therefore, it is of interest to consider the case when the power backoff is applied only to e.g. the PDSCH using 256QAM, while the nominal power would be used in the common channels, cell specific signals transmission and PDSCH transmission up to 64QAM. In that case, the coverage of the SC layer would not be impacted. At the same time, low Tx EVM levels could be supported selectively in cases when a UE with high G-factor / low interference level is being served with 256QAM modulation.

Let us discuss further the case when the power backoff is applied only to the PDSCH. Considering the OFDM symbols that contain REs that are used for PDSCH transmission, it is clear that in the most usual case those symbols contain PDSCH only, or then PDSCH together with CRS. The PDSCH EPRE is determined by the higher layer signalled PA and PB values. As an example, let us assume that the eNB transmit power is at 24dBm when a full PDSCH allocation is present, and the PDSCH EPRE is equal to the CRS EPRE. Now, if it is desired to transmit PDSCH such that low EVM is achieved, the PA and PB values could be chosen such that PA=-1.77dB and PB=3, which results in an overall power backoff of 1.77dB in the transmitted signal (assuming 2 or 4 antenna ports). Note that in this case the PDSCH EPRE in the OFDM symbols where CRS is present is at -4.77dB compared to CRS EPRE. As there is one CRS RE for every three REs, this results in an overall power reduction of 1.77dB. In case of MBSFN subframes PDSCH is only sharing OFDM symbols with DM-RS (and CSI-RS) and there the power back-off could be deployed directly for DM-RS and PDSCH in the same way without the UE even noting. Therefore, in certain cases it is possible achieve the lower eNB transmit power and low Tx EVM by applying DL power control as per current specifications. Of course, additional optimizations in terms of CSI reporting as well as specific DL power control parameters could be also possible to provide improved support for this type of small cell operation.

To conclude these discussions, the following observations are noted
Observation 3: In case the power backoff is applied selectively to higher order modulation PDSCH, low Tx EVM can be achieved without compromising the SC layer coverage and offloading capability.
Observation 4: In certain cases it is possible achieve the lower SC eNB Tx power, and hence low Tx EVM, by applying DL power control as per current specifications.
4
Conclusion

In this contribution, we discuss operation of 256QAM PDSCH transmissions utilizing (dynamic) power backoff and make the following observations:

Observation 1: Overall power backoff enabling low Tx EVM should not be applied in case the system performance is degraded due to reduced SC layer coverage.

Observation 2: In case CRE adjustment and optimization is considered for both the nominal and reduced SC eNB power cases, it is not clear that the overall system performance is improved by enabling 256QAM transmission together with a power backoff in all scenarios.

Observation 3: In case the power backoff is applied selectively to higher order modulation PDSCH, low Tx EVM can be achieved without compromising the SC layer coverage and offloading capability.

Observation 4: In certain cases it is possible achieve the lower SC eNB Tx power, and hence low Tx EVM, by applying DL power control as per current specifications.

Which lead us to the following proposal:

Proposal: RAN1 to discuss dynamic power backoff for efficient 256QAM small cell operation.
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