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1. Introduction
During RAN1 #109-e meeting, some potential network energy saving techniques are discussed and following agreements were made [1]:

 (
Agreement
Further study the necessity of RAN1 change for techniques and enhancements for adaptation of transmission power/processing and/or reception processing of signals/channels by the 
gNB
, including (but not limited to) the following aspects:
dynamic adjustment of transmission power
including which signals/channels the adaptation of transmission power should be applicable for. For example, dynamic DL power control for specific channel / reference signal, such as CSI-RS, adjustment of maximum PSD assigned to PRBs of PDSCH, etc.
studying potential UE feedback/assistance information for adjustment of transmission power
studying PA efficiency improvements to maintain transmission quality (e.g., EVM) when operating at higher efficiency, potentially with RAN4 involvement
studying geographical area/user density to adjust the transmission power
adaptation of 
gNB
 transceiver algorithms and processes to improve power efficiency: 
including techniques aided by UE, e.g., utilizing legacy or enhanced feedback mechanism;
for example, adaptation of digital pre-distortion (DPD), use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation
impact to UE implementation and power consumption should be considered
tone reservation techniques (to improve PAPR and power efficiency);
It is noted that tone reservation techniques for UE will be studied in Rel-18 further NR coverage enhancement WI, as indicated in RP-213579
)

In this contribution, we focus on the issue of the dynamic adjustment of transmission power for improving energy efficiency of BS.


2. Energy Efficiency versus Spectral Efficiency
In general, the term of energy efficiency is represented as the number of successively transmitted bits per consumed energy for a transmission. In aspect of the transmission power, the consumed energy is proportional with SNR. That is, from the capacity equation



the theoretical energy efficiency  is represented by  and



The equation also indicates that for the fixed signal power, the wider bandwidth gives the better energy efficiency, and the energy efficiency is almost proportional with the bandwidth at high SNR. As an example, the 5G NR commercial network devices operating at 100MHz bandwidth generally gives much better energy efficiency than of LTE devices operating at 20MHz with same transmission power capability.

In practical, with the assumption of same transmission power for increased bandwidth, the EPRE becomes relatively lower and so for the same channel circumstance it degrades the effective MCS index. From the above theoretical and practical results, it is well known that the energy efficiency is higher for low spectral efficiency. For example, the required ES/N0 difference of MCS 0 and MCS 27 is more than 30dB and considering increased usage of PRBs with 32 (=7.4063/0.2344) times, the theoretical energy efficiency becomes about 31 (=1000/32) times when using MCS 0 instead of MCS 27 with proper adjusted transmission power.

We analyzed the energy efficiency from the minimal consumed power for the transmission to achieve 10-1 BLER of same size of transmission block at the various MCS index. Fig. 1 shows the resulting energy efficiency for the various MCS indices.


Figure 1. Energy efficiency vs. Spectral Efficiency for various MCS Selection

From this, we give our observation and first proposal as follows:

Observation 1: With the support of efficient dynamic adjustment of transmission power, some proper scheduler including power adjustment can achieve energy saving by lowering MCS indices and transmission power adopting higher bandwidth consumption.

Proposal 1: Study the PDSCH to apply the dynamic adjustment of transmission power in aspect of MCS adjustments.

In practical, the PA module in transmitter do not operate ideally. As a former example, the theoretical energy efficiency becomes about 31 times when using MCS 0 instead of MCS 27 with proper adjusted transmission power, however, the practical PAs usually hard to achieve 1/1000 power consumption with the transmission of 1/1000 scaled signal. Physically generated error by thermal noise of semiconductor, additional basic operation power, non-linearity of amplifier, and so on. This gives uncertainty for the scheduling considering energy efficiency, that indicates our second proposal.

Proposal 2: Study the evaluation of efficiency of power amplifier and/or total power consumption of RU module along the transmission power adjustment.

Despite of possible inefficiency of PA, we still expect that the power-adjusting scheduler can increase the total energy efficiency, with the circumstance of low PRB usage and UEs with high CQI and proper scheduling methodologies.

On the other hand, it is needed to be considered whether the rapid change of transmission power can make degradation of UE Rx performance, caused by the miscalculation of channel quality.

Proposal 3: Study the necessity of notification to UEs about the information of transmission power adjustment.


3. Conclusion
We give our observation and proposals in this contribution as follows:

Observation 1: With the support of efficient dynamic adjustment of transmission power, some proper scheduler including power adjustment can achieve energy saving by lowering MCS indices and transmission power adopting higher bandwidth consumption.

Proposal 1: Study the PDSCH to apply the dynamic adjustment of transmission power in aspect of MCS adjustments.

Proposal 2: Study the evaluation of efficiency of power amplifier and/or total power consumption of RU module along the transmission power adjustment.

Proposal 3: Study the necessity of notification to UEs about the information of transmission power adjustment.
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