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1		Introduction
From an ecosystem viewpoint, it is important to optimize both UE and NW power consumption. I.e., while it is important for the NW to help the UE to reduce its power consumption, it is important that this is achieved with low NW impact and the lean signaling at the NW side is kept intact. It is necessary to consider network power consumption as part of the evaluation of techniques which provides UE power saving, e.g., paging early indicator, or provision of TRS occasions to idle UEs. In this paper, first, we provide a model for evaluation of network power consumption which can be used for this purpose. Afterwards, we provide evaluation of NW power consumption for SIB based availability signaling as being proposed in RAN1. 
[bookmark: _Ref178064866]2	Network energy consumption modelling
[bookmark: _Toc5022906]Network energy efficiency to large extent is dependent on the system load in the network as well as NW equipment behavior at both high and low loads. An example methodology with sufficient details are provided in [1]-[3], including a few from the Rel-15 discussions. A crucial part of that methodology are models of equipment power behavior and energy consumption. 
Equipment energy consumption is, however, to large extent a matter of HW/SW 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
1. minimizing signal transmissions 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.
In essence, (2) implies that a network node should be able have a large sleep ratio, or low activity duty cycle. In addition, it is important that the duration of the individual sleep periods is sufficiently long to allow HW power state transitions. 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 PS gain from supporting sleep modes (sleep mode 3) with transition times of 10ms. 
[image: ]
Figure 1 Power consumption in sleep modes with different activation times [5].
The model in [5] provides a good baseline to model the NW idle mode energy consumption which is primarily determined by a time-line operation consisting of periodic SSBs, potential TRSs, paging PDxCH, and potentially other DCIs. Between such operations, the NW can have the opportunity to go to sleep based on the available sleep time.
Using the numerical values provided in [5] we can compute the NW energy consumption in each of the underlying operations. The table from [5] is repeated here for convenience. In this table the power values are related to a 20 MHz BW operation. 
Table 1 Numerical values of sleep power consumption versus state transition times for varies base station times according to [6]
[image: ] 
In this contribution, we illustrate using the large-scale antenna systems (LSAS) model to calculate the underlying NW power consumption of different operations and states. This is viable considering the importance of LSAS in deploying NR. In finding the appropriate power consumption associated to each operation, BW scaling is used in order to find out the additional power of each operation on top of the none load power. E.g., in case of SSB, a SSB of 7 MHz is considered, and thus the total power on SSB transmission would be PSSB=PnLoad+7/20(Pfull-PnLoad)= 32.2+0.35(40.5-32.2)~35.1.
· SSB transmission: 32.2+0.35(40.5-32.2)~35.1
· TRS transmission: 40.5 
· Paging PDCCH/WUS transmission (AL 8): 32.2+0.85(40.5-32.2) ~39.3
· Paging PDSCH transmission: 40.5
· Sleep mode 1 (micro sleep): 21, with transition time 1 symbol (0.071 ms)
· Sleep mode 2 (light sleep): 4.1 with transition time of 1 ms
· Sleep mode 3 (deep sleep): 2.4 with transition time of 10 ms

From the model, if there is no signaling in between two SSBs, the NW can go to sleep mode 3 thereby achieve power savings when there is no traffic being served. Nevertheless, any signal which needs to be transmitted in between two SSBs not only increases the NW power consumption due to the transmission of the signal but also lowers the chance of the network to go to sleep mode 3. E.g., if the NW has to keep transmitting a TRS for very-long durations for idle mode UEs(as has been proposed by some companies in TRS provisioning discussions), then the NW cannot go to sleep mode 3, and at best can achieve sleep mode 2, thereby increasing its sleep power consumption almost two times.  
While these are based on the existing references in literature, there is lot of interest in refined NW energy savings (modeling as well as techniques) for Rel-18, as captured in the Rel-18 workshop outcome.

1. [bookmark: _Toc61899330][bookmark: _Toc79155270]SSB periodicity of 20ms with no signaling in between enables the network to go to sleep mode 3, and achieve significant power savings when there are no connected mode UEs.
1. [bookmark: _Toc61899331][bookmark: _Toc79155271]Any additional signaling such as persistent TRS transmissions (between adjacent SSBs) solely for supporting idle UEs can prevent the network from going to sleep mode 3, thereby increasing the network power consumption significantly.
3 NW power consumption for TRS availability signaling
This section provides the NW energy consumption analysis for signaling related to the TRS availability indication. 
Given the working assumption from RAN1#104bis-e, SIB-based availability signaling was FFS, and that  RAN1 understanding is that existing SI update procedure is used for SIB based signaling. Thus,  anytime that SIB contents (e.g. TRS configuration/availability information) changes, the UEs receive a SI update over the modification period of up to 16 default paging cycles, and must reacquire the updated SIBs. This increases UE power consumption, as well as NW power consumption every time there is a change in TRS availability. 
As such if the availability of TRS is indicated through SIB either through just presence of the configuration in SIB or an additional indicator, it means that if the NW decides to turn TRS off, then the content of SIB changes, and thus it must transmits an SI update message to all the UEs. All UEs including legacy Rel 15/16 UEs then need to reacquire updated SIBs (as needed). This means the NW may need to transmit SI update signaling much more frequently than usual, leading to a large additional overhead and power consumption on the NW. It is also a waste of power for all the UEs particularly those who do not use TRS in the idle mode, including legacy UEs which do not support the feature. 
The alternative then for the NW is to send less frequent SI updates even if there is no connected UE at a time in the cell. As such, the NW must keep the TRS transmissions ON for a long time even if no connected UE is using it, which in turn means an “always ON” TRS which is not inline with the note in WID.
To understand the implications of SIB signaling, particularly from the network side, the impact on network energy consumption is analyzed next. 
Table 2 summarizes the additional NW power consumption to transmit a TRS in addition to SSB for one full DRX cycle based on the model which is provided in Section 2. 
In this evaluation, we consider a case where the SSB is broadcasted over a wide beam, i.e., only one beam is configured for SSB, and the same for TRS. SSB duration is 4 symbols, and TRS spans two consecutive slots with 2 symbols per slot, and 4 symbols separation between them. Note that this additional power in practice may be even higher if more than one TRS configuration is employed by the NW. 
When there is no connected mode user for which the TRS is intended, this is the extra cost network incurs to keep transmitting TRS for an idle mode UE. This also depicts the additional cost of the NW to transmit TRS, if availability is guaranteed through SIB, and thus the NW has to keep TRS ON for a long time, even if there is no UE in connected mode.
Table 2. NW power consumption as a result of additional TRS transmissions.
	SSB to TRS offset
	SSB Only
	TRS 20ms
	TRS 40 ms

	1ms
	100%
	144%
	122%

	5 ms
	100%
	151%
	126%

	10 ms
	100%
	159%
	129%



Since UEs can enter and leave connected mode, the NW can transmit or omit (in a dynamic manner relative to SI change rate) the TRS in potential TRS occasions depending on whether there are connected mode UEs being served or not. However, if the NW uses SIB for availability indication, whenever it wants to turn ON/OFF TRS, then the content of SIB changes, and the NW has to start a SI update procedure. It has to transmit SI update to all the UEs for a whole modification period which can be up to 16 default paging cycles, and furthermore, the NW cannot turn OFF TRS for the whole modification period. 
Next, we consider the impact of SI update procedure for turning OFF TRS. For this evaluation, we assume a single symbol DCI for SI update. Furthermore, we assume there is a PO every 10 ms, and  128 POs to transmit the DCI within 1.28 secs of DRX cycle.
For example, just for the case where the SSB to TRS offset is 1ms, the additional SI update procedure results in 40%~80% increase in NW power consumption. So frequent SI updates are undesirable.
Table 3. NW power consumption due to SI update procedure over a modification period.
	SSB to TRS offset
	SSB Only
	TRS 20ms + L1
	TRS 40 ms +L1

	1ms
	100%
	181%
	141%



Based on the discussions and evaluations above, we can draw the following observation
1. [bookmark: _Toc79155272]SIB based TRS availability signaling leads to: 
· [bookmark: _Toc79155273]Unnecessary increasing the NW power consumption (e.g. by 40 to 80%)
· [bookmark: _Toc79155274]Frequent SI update signaling increasing NW overhead
· [bookmark: _Toc79155275]Increasing the power consumption for all UEs, particularly the legacy UEs
· [bookmark: _Toc79155276]Always-ON TRS transmissions
Conclusion
In sections 2 and 3, the following observations and proposals were made: 
Observation 1	SSB periodicity of 20ms with no signaling in between enables the network to go to sleep mode 3, and achieve significant power savings when there are no connected mode UEs.
Observation 2	Any additional signaling such as persistent TRS transmissions (between adjacent SSBs) solely for supporting idle UEs can prevent the network from going to sleep mode 3, thereby increasing the network power consumption significantly.
Observation 3	SIB based TRS availability signaling leads to:
	Unnecessary increasing the NW power consumption (e.g. by 40 to 80%)
	Frequent SI update signaling increasing NW overhead
	Increasing the power consumption for all UEs, particularly the legacy UEs
	Always-ON TRS transmissions
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