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Introduction
Network energy efficiency is an important aspect to be considered for the study of NR, as it directly influences the cost of the cellular network operation. While LTE has shown improvements in the network energy efficiency compared to previous cellular technologies, some of the design principles of LTE (e.g. reference signal design) do not allow the network to switch to low power state even during sporadic user traffic conditions.
3GPP has included network energy efficiency as one of the KPIs for study of NR [1]. In order to meet the requirements of energy efficiency, RAN2 procedures need to be designed considering network power consumption without compromising user performance.
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The reference signal design has significant impact on the overall energy efficiency of the network. Following downlink reference signals (RS) have been defined for LTE,
1. Cell Specific Reference Signals (CRS)
2. MBSFN Reference Signals
3. UE-specific Reference Signals
4. Positioning Reference Signals
5. CSI Reference Signals (CSI-RS)
Out of the above RSs, CRS is an always-on type signal while other RSs are only transmitted when required. 
CRS in LTE is used for different purposes like RRM, RLM, downlink channel estimation, data demodulation, etc. CRS is transmitted by an LTE eNB in every radio subframe and across the entire bandwidth of the cell. Such continuous transmission of CRS does not allow LTE eNB to implement efficient sleep cycles even during sparse traffic conditions, hence leading to high network power consumption. 
Observation 1 LTE CRS design does not allow LTE eNB to implement efficient sleep mechanism.
CRS transmissions cannot be switched off, to ensure backward compatibility with rel-8 UEs. This results in CRS being transmitted even when/where it is not required. For instance, a UE may not use CRS for demodulation of PDSCH transmissions from antenna ports other than ports 0-3. For such PDSCH transmissions, separate RSs are configured for channel estimation, which use different radio resources than used by CRS transmissions.
Hence, LTE CRS design not only increases the power consumption but also restricts the deployment of different features and services due to its always-on transmission across the entire bandwidth. Impact of this was observed during standardization of enhanced MIMO and beamforming features for LTE. This issue is recognized by different companies, which envision addressing this issue in NR [2].
Observation 2 LTE CRS design restricts deployment of different features and services due to its always-on transmission across the entire cell bandwidth.
Generally, RRM and RLM procedures do not impose strict measurement requirements for UE. In LTE, UE performs RLM measurements once every DRX cycle if DRX is configured for the UE and once every radio frame if DRX is not configured. While, RRM is mainly performed during initial cell acquisition and neighbour cell measurements. Hence, the reference signal transmission from the perspective of RRM and RLM can be made lean without compromising UE’s performance.
Observation 3 Reference signal design for RRM and RLM purposes can be made lean without compromising UE’s performance.
Flexible configuration of Reference Signals
Always-On Reference Signals
One reason for always-on transmission of CRS in LTE is to enable UEs to perform RRM and RLM measurements with minimal delay. 
In NR, different services and deployment scenarios may have their own set of requirements for UE measurements. For instance, mMTC type devices may not require frequent RRM and RLM measurements, owing to low speed of UEs and low UE complexity design. While, a URLLC or eMBB device operating in high frequency band may need to perform these measurements more frequently in order to maintain reliable connection. Also, considering wide range in supportable UE mobility scenarios, there will be cases where RS transmission will be over-frequent (low mobility), while in other cases it may be too sparse (high mobility) for the UEs. Owing to the given considerations, a flexibly configured RS can efficiently cater to the requirements of NR. This RS requirement of flexible/lean configuration is also supported by many companies [2].
In RAN1#85 [3], it is agreed to study multiplexing of different numerologies within the same carrier bandwidth. Here, a numerology can be specific to a particular service and may be identified by subcarrier spacing, subframe duration, etc. For such scenarios, each service can have its own set of RSs with resource allocation defined based on user characteristics, while initial acquisition is performed by UEs using a common set of RS including PSS and SSS. Hence, in order to support this, RAN2 needs to define the framework for flexible RS configuration based on different use cases and services.
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Figure 1 Service specific RS transmission where different services are multiplexed within same carrier bandwidth
Aperiodic Reference Signals
CSI-RS and UE specific RSs were introduced to enable enhanced MIMO and beamforming operation. CSI-RS is used for channel state estimation and can be flexibly configured in LTE. While, UE specific reference signals are used by the UEs to derive the channel estimate for demodulating the data and are embedded only in the resource blocks to which the corresponding PDSCH is mapped. 
Aperiodic reference signals like UE-specific RS, which are transmitted only when required and are flexibly configured, should be studied extensively for NR. Since, design of NR may require dynamic (on a TTI-basis) to semi-static (minutes/hours) scheduling of different services [2], these aperiodic RSs will specially be applicable for the cases where fast scheduling of services is required. 
Further, scope of extending such aperiodic transmissions to other RSs (e.g. CSI-RS) and localizing their transmissions (in time/frequency/beam domain) should be studied in detail as well. 
UE-specific or aperiodic RSs have the potential to reduce the network power consumption especially in low traffic scenarios. Configurability of these RSs also avoids transmission over the entire frequency band, which may facilitate further introduction of new services and physical channels, if required. 
RAN2 consider framework for flexible RS configuration (periodic and aperiodic) based on different use cases and services. 
An LTE UE, which is configured with connected mode DRX, attempts RLM measurement once every DRX cycle. Existence of such kind of UE procedures and states, which require relaxed UE measurements, can enable the network to reduce the RS transmission. For example, an NR NB may reduce the periodicity of RS transmissions, if all the connected UEs in the cell are configured with high values of DRX cycle. Hence, emphasis should be given on designing UE procedures and states which require relaxed UE measurements, to enhance the network as well as UE energy efficiency.
UE Indication for Aperiodic Reference Signals
In LTE, the decision to configure and transmit downlink RS is left to eNB’s discretion. While the requirements for downlink RS transmission may be specific to each UE according to its radio conditions. For example, a UE experiencing severe signal strength degradation from the serving beam may require frequent RS transmission from neighbor beams for channel measurement, so that beam change procedure can be expedited and be made more reliable. Other use cases include RS periodicity correction based on UE mobility and to prevent of radio link failure by increasing the frequency/power of RS transmission when serving beam/cell signal strength deteriorates. Hence, UE indication to NR NB about its RS requirements can be considered as well. Such, information can be utilized by NR NB to optimize transmission for aperiodic RSs. A UE expecting high reliability service like URLLC can benefit from such feature.
Several aspects need to be considered for UE indication procedure. A UE indication can be implicit, where UE sends signal strength report to NR NB after an event trigger, or it can be explicit where UE provides its requirements and characteristics for RS transmission. Note that, the final decision to configure the RS transmission would still be controlled by NR NB, which can utilize the information received from UEs for RS configuration. Triggering criteria and controlling the generation of such UE indications needs to be carefully studied. Also, type of signaling (RRC or MAC or UCI) required to implement the UE indication procedure needs to be assessed based on latency requirements.
Aperiodic RS transmission based on UE indication can be explored in the study item. 
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Figure 2 Aperiodic RS transmission based on UE requirements
Conclusion
In this contribution we have discussed some aspects of network energy efficiency for NR. Following observations and proposals are made in this contribution.
Observation 1	LTE CRS design does not allow LTE eNB to implement efficient sleep mechanism.
Observation 2	LTE CRS design restricts deployment of different features and services due to its always-on transmission across the entire cell bandwidth.
Observation 3	Reference signal design for RRM and RLM purposes can be made lean without compromising UE’s performance.
Proposal 1	RAN2 consider framework for flexible RS configuration (periodic and aperiodic) based on different use cases and services.
Proposal 2	Aperiodic RS transmission based on UE indication can be explored in the study item.
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