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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].
This contribution discusses about the gNB energy consumption, SS burst set periodicity and UE measurements. Related agreements in RAN1#87 were the following [3]:
	Agreements:
1. From UE perspective, SS burst set transmission is periodic
· At least for initial cell selection, UE may assume a default periodicity of SS burst set transmission for a given carrier frequency
· Exact value of default periodicity of SS burst set transmission for a given carrier frequency needs to be studied
· FFS: UE in CONNECTED or IDLE mode may be provided with updated information regarding the SS burst set periodicity of serving cell and/or neighbor cells by the network
· FFS: Validity duration of information
· Note: Updated periodicity may be shorter or longer than default periodicity assumed by UE
· FFS: Note: This does not imply SS-burst set needs to be always on with the updated periodicity
· FFS: SS burst periodicity assumed by UE if information of neighbor cells is not available
· FFS: Consider idle mode operation performance
· Note: Companies can also consider to support functionality related to LTE DRS and LTE IDLE mode
· Companies are encouraged to investigate the tradeoff between network flexibility/power consumption and UE complexity/power consumption



  
And further agreements were made in RAN1 AH in Spokane related to DL signals for mobility measurements:
Agreements:
· The following always-on signals are used for RRM measurement for L3 mobility in IDLE mode:
· NR synchronization signal, or
· NR synchronization signal, and additional DM-RS for PBCH if DM-RS is supported for PBCH, or
· Note: How to use DM-RS for RRM measurement is up to UE implementation
· DM-RS for PBCH if DM-RS is supported for PBCH
· Note that down selection will be needed if DM-RS for PBCH is supported
· For CONNECTED mode RRM measurement for L3 mobility, the following RS can be used if needed, in addition to IDLE mode RS:
· FFS: CSI-RS,
· FFS: RS separately designed from CSI-RS
· Note that possibility of multiplexing of wideband RS in SS block is not precluded


Agreement:
· RSRP(s) can be measured from the IDLE mode RS. 
· One RSRP value is measured from the IDLE mode RS per SS block.
· FFS: UE measures one RSRP value from multiple SS blocks in an SS burst set
· The measured values are referred to “SS-block-RSRP”
· It is RAN1’s understanding that “SS-block-RSRP” may correspond to the “beam quality” in RAN2 agreements in multi-beam case, at least in IDLE mode.
· RSRP(s) can be measured from the additional RS for CONNECTED mobility if such additional RS are defined (note that this is not yet agreed in RAN1)
· FFS: How to derive RSRP value(s) utilizing the antenna ports and resource(s) of the RS
· FFS: Association of the measured qualities in CONNECTED mode to the “beam quality” in RAN2 agreement in CONNECTED mode
· Note: It is up to RAN2 how to derive cell-level quality from the measured value(s) for L3 mobility

Agreement: 
· The additional RS for mobility if defined can be transmitted on multiple beams.

2	Discussion
In order to further discuss in the future possible power consumption impacts from different solution, it seems as a reasonable first step to agree on some common power consumption models. In [7] we have provided a discussion paper which includes proposals for both UE and gNB power consumption models.
We implemented the proposed gNB power model (Figure 1) in a simulator that controls the power consumption and functionality of the gNB. As proposed in [7] the gNB can be in several modes:
· active/SM1: normal operation, gNB is fully operational, transmits or receives user data, is idle (no traffic) or it is in symbol-level sleep mode (sleep mode 1, µDTX). The activation/deactivation time for SM1 was neglected in the simulations. 
· sleep mode SM2 – SM4: power saving mode, gNB doesn't transmit or receive anything but reacts to incoming DL user traffic by waking up. In these sleep modes gNB also periodically wakes up to transmit SS burst and listen on RACH, then it goes back to sleep.
Note that during the presented simulations sleep mode SM4 was not used.
Each mode is characterized by certain power consumption, deactivation time needed to change from one sleep mode state to another – e.g. go from the previous (more active) mode to next, activation time (wake up time) from current mode to more active mode and idle time threshold, which controls when the gNB changes the sleep mode state after being idle. These are all parameters.
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[bookmark: _Ref471203388]Figure 1 Sleep mode transitions modelled in the simulator.
Each simulated gNB starts in active mode. The power consumption in active mode depends linearly on the actual RF load in each symbol. Besides user traffic transmission or reception, the simulator also simulates  synchronization signal transmission. If there is no user traffic but SS needs to be transmitted in some resource elements, the gNB is not fully idle and consumes power proportional to the number of resource elements used to carry the synchronization signal. If there is no traffic and no SS burst, the gNB is fully idle in that symbol and switches immediately to sleep mode 1 and consumes SM1 power.
When the gNB has been idle for some time, it goes to SM2 (sleep mode 2). The transition from active mode to SM2 takes certain time (deactivation time), during which the gNB's power consumption is assumed to be the same as in SM1 mode (completely idle using µDTX). After the deactivation time elapses, the power consumption switches to SM2 level, i.e. there is no power interpolation during the deactivation time (see also Figure 2).
While in a sleep mode, the gNB wakes up periodically to transmit SS burst and listen on RACH. If there is no access attempt on RACH (due to new traffic arrival), it goes back to sleep. When the gNB remains idle, it gradually goes to a deeper sleep mode, unless the deactivation/activation times are so long that the gNB wouldn't be able to deactivate and wake up again in time for the next SS burst transmission occasion. Thus, the SS burst transmission period limits the deepest sleep mode the gNB is able to enter (Figure 2).
During activation, the gNB goes up through all more active sleep modes than the current until active mode is reached and its power consumption is always at the level of the current sleep mode it is in.
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[bookmark: _Ref471203841]Figure 2 Modelling of wake up for periodic synch/RS and subsequent deactivation.

Figure 2 shows an example of gNB side modelling where active data transfer is followed by the sleeping period utilizing different sleeping modes (SMs) and where the sleep period is interrupted with periodic downlink SS burst transmission.

2.2	Simulation setup
The system simulations assume 21 macro base stations with 20 MHz bandwidth, 2 GHz carrier frequency, FDD, 500 m ISD with wrap-around,1 ms TTI (15 kHz SCS) and 30 km/h UE velocity. FTP1 traffic (one data packet equals to one dropped UE). The simulation time corresponds to 5 min. As we are interested in gNB energy consumption as a function of SS burst (assuming SS burst is used also for UE measurements) periodicity we use the following SS burst set periodicities: 5, 20, 40 and 100 ms. It is good to note that this evaluation is assuming only limited beam sweep operation where the SS burst length is limited to 1ms and only a single SS burst is present in the SS burst set. The network average resource utilization was selected to be on the range 0%-40%, which is fruitful from gNB energy saving point of view. The observed average PRB utilization in LTE networks in 2015 over 24/7 is only 5-25% even in the highest loaded networks, the median being as low as ~2.5%. 
In the first set of results, we fix the traffic burst size to 500 kB (FTP1 with uniform UE distribution) and vary the SS burst periodicity and network load. The target of the first set of results is to track the energy consumption while introducing more synchronization signaling in the network for more frequent possibilities for network access and UE measurements. In the second set of results, we fix the network load (~10%) and vary the data burst sizes (500 kB, 5000 kB) and SS burst periodicities (as above) to see the impact of data burst size on the energy consumption.
We assume fixed (200ms) call setup time with all SS burst periodicities, which implies that with longer SS periodicity UE has less measurement samples (for example, with 40ms periodicity UE had 5 samples).
2.3	Simulation Results
As a reference baseline, we consider a configuration where all sleeping possibilities are disabled and gNB is active all the time. Figure 3 show the results from the first simulated set. It can be observed from the results that with current modelling and related assumptions energy saving gains reach starts to saturate at 40 ms SS burst periodicity. In other words, with current modelling and assumptions, it would appear that with SS burst set periods in the range of 40-100 ms it would be possible to reach the full potential energy saving perspective.  
Observation 1: With the used assumptions and modelling energy saving gains start to saturate already at 40-100 ms gNB DTX/DRX periods
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[bookmark: _Ref471197759]Figure 3 gNB energy consumption comparison against the baseline (varying load and SS burst periodicity). 

The other simulated set of results is shown in Figure 4 for visualizing the impacts of different data burst sizes on the gNB energy saving gains. The results indicate significant energy saving gains in both simulated data burst sizes (500 kB, 5000 kB). With the larger data burst size (5000 kB) the energy saving are slightly higher since less data bursts (dropped UEs) are required to reach the same network load, which increases the possibility to use sleeping at gNB thereby increasing also the energy saving gains. 
As a summary, it can be observed from the simulations that significant gNB energy saving opportunities can be realized by introducing gNB DTX. 
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Figure 4 gNB energy consumption comparison against the baseline (varying data burst size and SS burst periodicity)
Observation 2: Significant gNB energy saving opportunities can be realized by introducing gNB DTX.
3	Conclusions 
In this contribution, we discussed about SS burst set periodicity and gNB energy consumption. Based on discussion and analysis we make the following observations: 
Observation 1: With the used assumptions and modelling, the gNB energy saving gains start to saturate at 40-100 ms gNB DTX/DRX periods.
Observation 2: Significant gNB energy saving opportunities can be realized by introducing gNB DTX.
Based on these we recommend that NR enables the support of gNB energy saving opportunities, for example through configurable SS burst set periodicity, and account this when developing the UE requirements.
Proposal: Enable support of gNB energy saving opportunities e.g. through configurable SS burst set periodicity, and account this when developing the UE requirements. 
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Appendix A Simulation parameters

	Parameter
	Value

	Simulation bandwidth
	20 MHz

	Duplexing mode
	FDD

	Network topology
	21 cell hexagonal macro scenario with wrap-around

	Inter-site distance
	500 m

	Carrier frequency
	2 GHz

	gNB energy consumption model
	Defined in [4]

	Traffic model
	FTP1
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