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1 Introduction
TR 38.913 [1] (Study on Scenarios and Requirements for Next Generation Access Technologies) contains requirements and design targets related to network energy efficiency for NR. In particular, section 7.19 of TR 38.913 states:
Network energy efficiency shall be considered as a basic principle in the NR design

The target is a design with:

· …
· the ability to provide sufficiently granular network discontinuous transmission when there is no data to transmit and network availability is maintained

The maximum network DTX duration directly impacts the sleep power consumption of the network nodes when there is no user plane data to transmit. Together with the maximum DTX ratio of a network when no active users are being served the DTX duration is a standard parameter with significant impact of the overall network energy consumption.

In this paper we discuss what targets that should be set on network discontinuous transmission (DTX) duration for NR.

2 Discussion

Network energy efficiency selected as one of thirteen technical performance requirements for IMT-2020 [2]. 

Comprehensive energy efficiency evaluations are quite complex, as network energy efficiency to large extent is dependent on the system load in the network as well as equipment behaviour at both high and low loads. An example methodology is provided in [3]. A crucial part of that methodology are models of equipment power behaviour and energy consumption.

Equipment energy consumption is, however, to large extent a matter of implementation, and thereby outside the scope of the radio standard. Nevertheless, deeper analysis reveals that energy efficiency is primarily affected by two capabilities related to the standard:

1) transmitting efficiently when there is data to transmit, and

2) not transmitting so much when there is no data to transmit [4]. 

In particular (2) is important as it sets the limits for how equipment sleep modes can be designed [5], which are crucial for low-energy operation.
3 Additional requirement on “sleep duration”
In essence, (2) implies that a network node should be able have a large sleep ratio. In addition, it is important that the duration of the sleep periods is sufficiently long. The motivation is that it takes some time to deactivate and reactivate certain components, and given this the longer the sleep duration, the more components can be put to sleep and the lower the sleep power usage becomes. 

In more detail, it is desired to support the transition times (deactivation plus reactivation) of sleep modes for which there are significant gains, and to be able to efficiently use these with a reasonably small impact on other performance metrics.

In [5] an analysis of power savings in sleep modes with different transition times is made. A summary is presented in Figure 1 (borrowed from [5]). It is seen that there is a significant gain of supporting sleep modes (sleep mode 3) with transition times of 10ms. There is indeed also a significant gain of sleep modes with 1000ms transition time, but those are less attractive due to the impact on other performance metrics.    
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Figure 1: Power consumption in sleep modes with different activation times [5].
A component that has a transition time of 10ms requires a consecutive silence, denoted ‘sleep duration’, exceeding 10ms to get any sleep at all. With a sleep duration of 20ms it could sleep 50% of the time, and with a sleep duration of 100ms it could sleep 90% of the time. This is illustrated in Figure 2, where it is seen that sleep durations of several 10s of ms are desired to efficiently utilize the sleep mode 3.
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Figure 2: Relative sleep time as a function of sleep duration for a component with 10ms transition time.
A too long sleep duration will have a negative impact on other performance metrics. These include cell search and delays for initial transmissions. A reasonable period for signals supporting these functions, while enabling power savings, is 100ms, which would have a delay impact of the same order. 

Note that NR may be configured to operate with different sleep durations, and at least one of them should meet the target of providing approximately 100 ms DTX, thereby enabling an efficient utilization of a sleep mode with 10 ms transition time (i.e. sleep mode 3 in Figure 1). 

Proposal 1 NR shall allow for at least one network configuration that can efficiently utilize a base station sleep mode with a 10 ms transition time (deactivation time + activation time).

Proposal 2 NR shall allow for at least one network configuration with an idle mode transmission periodicity of 100 ms.

4 Numerical example: 5 ms vs 100 ms SS periodicity

Using the numerical values provided in [5] we can compare the average idle mode power consumption of a base stations with different synchronization signal (SS) periodicity. The table from [5] is repeated here for convenience:
Tabell 1:Numerical values of sleep power consumption versus state transition times for varies base station times according to [5]
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Since a periodicity of 5 ms is under discussion, we use that as the reference case here. Furthermore, we will assume that in order to achieve sufficient coverage, the SS is transmitted during 0.4 ms using 5% of the total base station power. We will assume a linear power model of the base station. The power usage when transmitting at 5% of the full power will therefore be calculated as

Ptx_SS = Ptx_no_load + 0.05 * (Ptx_full_load – Ptx_no_load)

For the 5 ms reference case we will have the following behaviour:

· SS is transmitted during 0.4 ms using power Ptx_SS  
· Then the base station goes to sleep level 2 for X ms using power Psleep2
· Then the base station goes to sleep level 1 for 1 ms using power Psleep1
· Then the remaining hardware is activated during 71.4 s (corresponding to 1 LTE OFDM symbol) using power Ptx_no_load 
where X (the time spent in sleep level 2) is equal to 5ms – 0.4ms – 1ms - 71.4 s ( 3.5 ms.

The average power usage in the 5 ms reference case is thus:

PSS-5ms = 1/5 × ( 0.4 Ptx_SS  + X Psleep2 + 1 Psleep1 + 0.0714 Ptx_no_load)

Using the numerical values corresponding to the large scale antenna system (LSAS) in [5] (see the table inserted above) we obtain 

PSS-5ms = 9.70 W
For a scenario with 100 ms SS periodicity we can calculate the average power in an idle base station as follows:
· SS is transmitted during 0.4 ms using power Ptx_SS  
· Then the base station goes to sleep level 3 for Y ms using power Psleep3
· Then the base station goes to sleep level 2 for 10 ms using power Psleep2
· Then the base station goes to sleep level 1 for 1 ms using power Psleep1
· Then the remaining hardware is activated during 71.4 s (corresponding to 1 LTE OFDM symbol) using power Ptx_no_load 
where Y (the time spent in sleep level 3) is equal to 100ms – 0.4ms -10 ms - 1ms - 71.4 s ( 88.5 ms.

The average power usage in the scenario with 100 ms SS periodicity is thus:

PSS-100ms = 1/100 × ( 0.4 Ptx_SS  + Y Psleep3 + 10 Psleep2 + 1 Psleep1 + 0.0714 Ptx_no_load)

Using the numerical values corresponding to the large scale antenna system (LSAS) in [5] (see the table inserted above) we obtain 
PSS-100ms = 2.88 W

Since the idle mode power consumption dominates the power usage in a typical base station over a 24 hour  traffic cycle this difference in idle mode power is relevant. In terms of idle mode power usage a large scale antenna system base station with 5 ms SS periodicity will consume 337% more power compared to a base station with 100 ms SS periodicity, i.e.:
100 × PSS-5ms / PSS-100ms = 337%

Observation 1 The idle mode power consumption of a “large scale antenna system” (LSAS) base station with 5 ms SS periodicity is 337% larger than a similar base station with 100 ms SS periodicity.
Corresponding values for other base station types listed in the table above are as follows

· 2×2 macro:
437%
· 4×4 macro:
428%
· Pico:

237%
· Femto:
167%
Observation 2 The idle mode power consumption of a base station with 5 ms SS periodicity is between 237% and 437% higher compared to a base station with 100 ms SS periodicity.

A factor of two to four times in terms of base station power consumption may or may not seem like a big deal. This difference will however directly translate to equally large differences in e.g. backup battery capacity, solar power size, diesel usage, or energy bill for the operator. Notably, this is analogous to the standby time metrics that are considered extremely important for UEs.
5 Conclusion

Network DTX ratio and network DTX duration are the most important parameters that the NR standard can impact in order to ensure high network energy consumption in NR. In this paper we note that utilizing a sleep mode with 10 ms transition time (activation + deactivation) provides significant gains in terms of reduced sleep power consumption. In order to efficiently utilize such a sleep mode the DTX duration window need to be significantly larger i.e. in the order of 100 ms. 
In this paper we made the following observations:

Observation 3 The idle mode power consumption of a “large scale antenna system” (LSAS) base station with 5 ms SS periodicity is 337% larger than a similar base station with 100 ms SS periodicity.

Observation 4 The idle mode power consumption of a base station with 5 ms SS periodicity is between 237% and 437% higher compared to a base station with 100 ms SS periodicity.

Based on the above discussion we propose the following:
Proposal 3 NR shall allow for at least one network configuration that can efficiently utilize a base station sleep mode with a 10 ms transition time (deactivation time + activation time).

Proposal 4 NR shall allow for at least one network configuration with an idle mode transmission periodicity of 100 ms.
6 References

[1] TR 38.913, Study on Scenarios and Requirements for Next Generation Access Technologies.

[2] “Working document towards a Preliminary Draft New Report ITU-R M.[IMT-2020.TECH PERF”, Attachment 5.12 to Document 5D/234.
[3] G. Auer et al., “How much energy is needed to run a wireless network?”, IEEE Wireless Communications, 2011.
[4] S. Tombaz et al. “Energy Performance of 5G-NX Wireless Access Utilizing Massive Beamforming and an Ultra-Lean System Design”, IEEE Globecom, San Diego, CA, USA, 2015.
[5] B. Debaillie, C. Desset, and F. Louagie, “A Flexible and Future-Proof Power Model for Cellular Base Stations,” IEEE VTC Spring, Glasgow, Scotland, UK, 2015.

5/6


