Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG1 Meeting #94	R1-1809273
Gothenburg, Sweden, August 20th  – 24th , 2018

[bookmark: _GoBack]Source:	Ericsson
Title:	IMT-2020 self-evaluation: Radio Network Energy Performance - LTE
Agenda Item:	7.2.7.2
Document for:	Discussion
Introduction
[bookmark: _Ref178064866]Network energy efficiency is selected as one of thirteen performance requirements for IMT-2020. In [1]-[4] we presented various assessments on the energy performance of 3GPP New Radio (NR). In this contribution we present how LTE can be configured, operated, and deployed such that it also fulfils the IMT-2020 requirements on radio network energy efficiency.
Discussion
The total radio network energy consumption has been gradually increasing for the last decades, see Figure 1. The increase in network energy consumption has historically closely followed the rollout of new nodes in the network. Until now, each time a new generation has been introduced, many new nodes have been installed and consequently the energy consumption has increased proportionally. Previous studies (e.g. [15]) have shown that the energy consumption dependence on traffic load in 2G-4G is very low, primarily due to the transmission of always on reference signals and channels.
The 3GPP New Radio (NR) standard is expected to help to break this trend due to the lean design of the physical layer, where only a minimal amount of mandatory signaling is defined for gNB idle mode operation. But even if NR base stations can be made to operate with extremely low average power usage compared to base stations of any previous generation, the total network energy consumption will increase in case we don’t also address existing standards. Granted, the increase in energy consumption will be smaller that it could otherer wise have been, but by only adding NR we can never reduce the total radio network energy consumption.
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[bookmark: _Ref518375191][bookmark: _Ref518375183]Figure 1: 5G New Radio (NR) can only can reduce the energy growth rate. Energy reductions require addressing legacy as well.
In this contribution we will examine what can be done in order to reduce the energy consumption of LTE networks and we aim to show that also LTE can be deployed, configured, and operated such that IMT-2020 requirements on radio network energy consumptions are fulfilled.
Increasing network DTX 
Network discontinuous transmission (DTX) is extremely efficient for reducing eNB energy consumption. In LTE the default DTX time, i.e. the time between transmission of cell specific reference signals (CRSs), is approximately 0.2 ms. In addition, the default DTX duration is approximately 50% (see [4]). Long DTX times enable deeper sleep levels with more components deactivated when the base station operates in sleep mode.
MBSFN adaptation
The maximum DTX time as well as the DTX radio can be significantly increased by configuring a cell with a maximum number of 6 MBSFN sub-frames, see Figure 2. The maximum DTX time is increased to 13/14  0.93 ms. Studies have shown that this can reduce the eNB energy consumption by up to 60% [6][7].
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[bookmark: _Ref518376078][bookmark: _Ref518376058]Figure 2: LTE cells can be configured with up to 6 MBSFN sub-frames in order to increase DTX duration and DTX ratio.
One drawback with introducing MBSFN sub-frames it that pre Rel-10 UEs cannot receive PDSCH in these sub-frames and hence this significantly reduce the performance for such UEs. The number of MBSFN sub-frames can however be dynamically changed every system information modification period based e.g. on the number of active Rel-8 and Rel-9 UEs in the cell. 
In Rel-10 the transmission modes TM9 and TM10 were introduced and using these transmission modes it is possible to map the PDSCH to both non-MBSFN sub-frames as well as to MBSFN sub-frames. Hence for Rel-10 capable UEs it is beneficial to introduce MBSFN sub-frames as it reduces reference signal overhead and inter-sell interference from CRSs. In case a cell only has Rel-10 capable UEs it could preferably be configured to operate with the maximum number of MBSFN sub-frames all the time.
LTE lean carrier
“Standard bending” but UE compatible solutions can be introduced to further decrease the amount of CRS transmissions. As an example, UEs typically perform idle mode and mobility measurements on the center 6 PRBs only in sub-frames 0 and 5 and CRSs outside of this bandwidth can be omitted without any significant negative impact on the system. Also, the CRSs in sub-frame 4 and 9, which cannot be configured to be MBSFN sub-frames, can be omitted even though the LTE standard specifies that they shall be transmitted. Furthermore, the CRS transmissions in the control region (first OFDM symbol) in sub-frames 1, 2, 3, 4, 6, 7, 8, 9 can be DTX:ed whenever there is no UL or DL control information to be transmitted. By performing this kind of “implementation tricks” that are not technically standard compliant but still compatible with the actual implemented UE behavior it is possible to increase the DTX duration up to 4 ms in LTE [8][9]. 
Low energy scheduling solution (LESS)
By collecting data transmissions in time, the amount of DTX enabled by e.g. MBSFN adaptation and LTE lean carrier techniques can be maintained even as traffic start to increase. Studies have shown that it is possible to reach up to 15% energy savings through predictive and intelligent software features in the LTE scheduler [10].
[image: ]
Figure 3: Grouping of downlink LTE transmissions in time enable power amplifiers to go more often in sleep mode.
[bookmark: _Ref518383067]LTE antenna port merging and muting
In LTE the transmission of idle mode signals and channels (e.g. CRS, PSS, SSS, PBCH, PDCCH, PDSCH, PCFICH, PHICH) uses the same number of antenna ports as the DPSCH transmissions when used for user plane data transmissions. When no or very little user plane data are being transmitted this additional performance from multi-antenna transmissions are not needed. Studies have shown that the performance degradation of simply combining all antenna port signals to be transmitted and then transmit the sub-signal using a single power amplifier and antenna is relatively small [11], see Figure 4. The power savings are however significant [12]. Fast and dynamic antenna port merging and muting (also known as MIMO sleep) can reduce the energy consumption with up to approximately 50% (4TX cells) or 30% (2TX cells) without significantly affecting the user throughput. 
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[bookmark: _Ref518382570]Figure 4: MIMO sleep, or antenna port merging and muting, can be applied when there is no or very little user plane traffic in a cell. 
Dynamic PSI-omni
A typical 3-sector eNB with 2TX antenna per sector consist of 6 power amplifiers (PAs). With antenna port merging and muting (as described in sub-section 2.2) the number of active PA can be reduced from 6 to 3 (i.e. one PA per sector). Using a PSI-splitter (initially designed for rural coverage, see e.g. [13]) it is possible to connect all 3 sector antennas to one single PA, and put the remaining 5 Pas at the site into sleep mode. 
Dynamic PSI-omni requires that a site is configured with 4 cells, i.e. 3 sector cells and 1 additional PSI-omni cell, see Figure 5. Either the 3 sector cells are active or the PSI-omni cell is active, but except for a short transition phase all 4 cells are not active simultaneously. Dynamic PSI-omni works particularly well together with antenna port merging and muting since one of the de-activated PAs can be used to transmit the PSI-omni cell, see e.g. [14]. The combined usage of dynamic MIMO sleep and dynamic PSI-omni can reduce the energy consumption of up to 45% for sites with 3 sectors and 2TX antennas per sector [14].
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[bookmark: _Ref518383426]Figure 5: Dynamic PSI-omni enables 5 out of 6 PAs at a typical 3-sector site to be de-activated during low or no traffic scenarios.
Cell sleep in heterogeneous networks
The total energy consumption can decrease when an existing cellular network is densified to meet an increasing traffic demand, as shown in e.g. [17], see Figure 6. By introducing additional low power nodes, the user performance is significantly improved. This performance increase results in a shorter transmission time of most data packets, creating longer idle time in the network nodes. The small cells off-load the larger cells in the macro layer, and if the macro cells are configured with a sufficient degree of energy saving features (e.g. es discussed in sub-section above), the result is a lower total energy consumption.
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[bookmark: _Ref518387805]Figure 6: Adding small cells in an existing highly loaded network can result in a decrease in total energy consumption (see ‘HN EE’ results in left figure). The energy saving features (small cell on-off and macro cell DTX) does not significantly impact the user performance (see right figure). Detailed simulation assumptions are explained in [17]. 
De-activating small cells can only be done in case they can be activated quickly when they are needed. Field trials have shown that this can be performed in existing LTE network without any significant impact on user performance [18].
Multi-RAT power amplifier sharing
A multi-RAT RBS where the RATs share the power amplifier (PA) have the potential to reduce the site energy consumption with 40% compared to a multi-RAT RBS with separate PAs for each RAT, see Figure 7 and Figure 8 [15]. For operators with multiple RATs on the same site but using separate PAs per RAT, it is still possible to reduce energy consumption by utilizing load balancing between the RATs. The study [15] further shows that a potential energy reduction of 30% is possible by utilizing load balancing between HS and LTE. 

[image: ]
[bookmark: _Ref518388678][bookmark: _Ref518388674]Figure 7: Site modernization can enable multiple RATs to use the same power amplifier.
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[bookmark: _Ref518388680]Figure 8: Compared to multi-RAT networks with a “dual single RAT PA” configuration, a network with a “single dual RAT PA” configuration can reduce the country wide energy consumption with approximately 40 % (see [15] for evaluation details).
Network sharing
In large parts of the network there is no need to deploy one network per operator, and operator sharing is then a viable alternative for reducing the network energy consumption, see Figure 9. Ether the shared network has half as many sites, but each site has twice the bandwidth, twice the power, and twice the traffic (right-top part of Figure 9). This kind of network sharing can reduce the energy consumption with approximately 25%. If instead also the bandwidth is shared, such that only the traffic is doubled but not the power and bandwidth of each site then the energy savings amount to approximately 40% (right-bottom part of Figure 9) [16].
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[bookmark: _Ref518389181]Figure 9: Network sharing in low traffic areas has the potential of reducing the total network energy consumption with 25-40%.
Modernize and build with precision
Base station hardware has historically improved the energy efficiency by an average of 8% per year [20]. Hence, hardware modernization is particularly effective for older GSM and WCDMA base stations. But even many LTE base stations in operation are soon approaching 10 years of age and could be potentially interesting for modernization. A study on the impact of network modernization showed that by replacing existing 2G or 3G hardware with modern equipment the energy consumption per node can be reduced by more than 50% [16].
Equally important is to build the network with precision and not over dimension the hardware configuration at the site. With many product variants to choose from, operators can create radio base station site configurations with both sufficient capacity and minimum energy consumption. However, due to the exceptional radio efficiency and processing capacity available in modern products, the maximum available capacity tends to be far greater than needed for many of the radio base station sites. 
Contrary to what might be expected, over-dimensioning does not always result in performance gains. Instead, it more often leads to increased OPEX, higher energy consumption, and inflated CAPEX – all of which impact TCO. In one trial, energy consumption of a deployment with traditional large capacity radio base stations was compared with that of a more precisely matched mix of solutions. Results showed that it is possible to reduce energy consumption by 40 percent while maintaining network performance [19]. 
[bookmark: _Ref473719292]Conclusion
LTE networks offers significant potential for energy savings and in this contribution, we have outlined several possible solutions for how this can be achieved in practice. Note that the list of energy reducing methods presented here is not exhaustive, but they represent a selection of methods that are known to be effective. Also note that the gains in the different sections are not additive. In summary we conclude that with proper configuration, deployment and configuration it is possible for LTE to meet the IMT-2020 requirements on radio network energy efficiency.
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