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[bookmark: _Ref129681832]In RAN1#110e, good progress on the BS sleep modes definition and power scaling needed for performance evaluations [1] were made. In the sections below, we considered some of the agreements from RAN1#110e and their FFS specifically on those related to the BS power consumption model. Our views on these remaining FFSs are provided.    

Discussion

Non-Sleep mode between Adjacent Sleep modes
It was agreed in the last meeting that a non-sleep mode is always assumed between adjacent sleep modes. However, it should be emphasized that it is agreed for evaluations purposes.
Agreement
· For initial evaluations, there is always a non-sleep mode assumed between adjacent sleep modes. 
For initial evaluations, if the vast majority effects are captured, the evaluation results should be reasonably accurate. In other words, total power consumptions when such transitions between sleep modes are not evaluated can for initial evaluation purposes provide some rough estimates. This can be observed from the relative power and transition time between the Light and Deep and Light and Micro, respectively. Thus, strictly for evaluation purposes, we support this agreement.
From the RAN1 Chairman’s notes, it was also noted the following:
· Companies are encouraged to check the results, if provided, based on an incremental state machine (details in R1-2206979) where BS may transit between sleep modes without entering non-sleep mode, and discuss whether this can be an additional power consumption model for further evaluations.
As agreed, there are currently 3 sleep modes defined in Deep, Light and Micro Sleep. Per the agreement above, transitions between Deep and Light to Micro sleep would not be evaluated. However, as agreed in [1], Micro sleep state provides a zero-transition time to either Active DL or Active UL, but with a significantly lower power consumption compared to Active DL or Active UL. There are scenarios on which the BS can receive UL signal while in some form of low power consumption states i.e., Active UL. In this state, the BS behaves similar to Micro Sleep in terms of quick transition time back to fully ON state but with a reduced power consumption that only needs to support UL signals reception. 
As discussed extensively in the previous meeting, further analysis and studies are needed on the trigger(s) for the transition between the sleep states and the associated transition energy. 
[bookmark: _Hlk115218214]Observation 1: The agreement from RAN1#110 on the assumption of a non-sleep mode between adjacent sleep modes are strictly for the purpose of evaluations as it provides a rough estimate. In practice, transition between sleep states such as between Deep and Micro or Light and Micro provides energy savings for the BS.    
Observation 2: Further considerations are needed on the support of trigger(s) for the transition between the sleep states and the associated transition energy. 
Proposal 1: Transition between any sleep modes and between sleep and non-sleep modes is supported in the BS, and these transitions should be part of the BS operations flexibility. 

Low Power UL Signal 
In RAN1#110, there have been initial considerations and discussions of the usage of a low power UL signal with similar purpose as the UE Wake-up Signal in the DL. To receive this UL signal in the context of the BS power consumption model, an Active UL power state for the BS has been defined. In addition, the following agreement has also been noted: 

Agreement
Companies to report the assumption details for the reception of a low-power UL channel/signal, if used, including power states, additional transition energy, and transition times, receiver details (e.g. architecture and receiver sensitivity), and other impact/change on the power consumption model.
The following BS power consumption states are defined for evaluation purposes:
· Deep Sleep: There is neither DL transmission nor UL reception. Time interval for the sleep should be larger than the total transition time entering and leaving this state.
· Light Sleep: There is neither DL transmission nor UL reception. Time interval for the sleep should be larger than the total transition time entering and leaving this state. (P2>P1)
· Micro Sleep: There is neither DL transmission nor UL reception. Immediate transition is assumed for network energy saving study purpose from or to a non-sleep state.
· Active DL: There is only DL transmission.
· Active UL: There is only UL reception.
As described in greater detail in [2], UE assistance signaling, or report can play an important function in supporting accurate and flexible network energy savings management. One example is signaling to support the timely gNB activation and deactivation of the various adaptation based on the projected or existing UL traffic from the UE i.e., during inactivity periods of the UE’s DL and UL. 
DL Wake-Up signal was introduced in Rel-16 specification as a power saving support by signaling to the UE that it can continue to sleep even for its DRX OnDuration when there is no pending or incoming data for the UE. The DL wake-up signal is sent outside of the DRX Active time for one or more UEs using format DCI 2-6 and scrambled by PS-RNTI. 
Similarly, a wake-up UL signal could be beneficial at least in a macro-cell network and HetNet. In a macro-cell network with some of the base stations in sleep mode during low traffic period, it would be desirable to wake up certain base stations in sleep mode when there are UEs trying to access the network from locations poorly covered by the remaining active base stations. 
Similarly, in a HetNet with some small cells in sleep mode, it would be desirable to wake up certain small cells in sleep mode when there are UEs nearby trying to access or actively communicating with the macro-cell that could take advantage of offloading to the small cells.  
There are a few candidates that can be considered for such UL wake-up signal:
· UL Random Access signals
· UL communication signals
· Specially designed WUS such as a Sequence of RF pulses to facilitate simple energy detection or Modulated signal with low complexity detection and good sensitivity  
Even though using existing random-access signals or communication signals can be done through implementation, it does have a few shortcomings. If the implementation involves demodulating the random-access signals or communication signals, substantially the entire receiver has to be working, consuming the same amount of power as the Active UL mode. If the implementation involves simple energy detection of such signals, there is no control on the UE and Base station behavior for wake-up, hence no performance guarantees. Therefore, we focus on the case of specially designed WUS.
A UE would transmit the specially designed WUS signal if either it does not detect an active base station, or after it failed to access the network through sending random access signals, or at the command of the serving base station.
Observation 3: A newly designed wake signal and receiver would provide the best power savings tradeoffs for the BS in sleep mode.

Figure 1 below [3] shows a simplified model of a low power UL wake up receiver as a refence for discussions in this section.   
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[bookmark: _Ref113976101]Figure 1: Wake-Up Receiver with Energy Detection 

The UL receiver consists of filtering, envelope detection, analog-to-digital conversion (ADC), and digital signal processing blocks. The proposed model is just an example and can be adapted to capture the behavior of any different architecture implementation. The filtering block at the beginning of the receiver chain can be used to capture the selectivity, i.e., in-band interference rejection, of the modeled WUR architecture. The envelope detection block may have multiple alternatives, depending on the modeled WUR architecture, such as 
1) A square-law detector followed by a LPF to capture the behaviour of WUR architectures such as the uncertain-IF and the sub-sampling architectures.
2) A Mixer followed by a LPF to capture the behaviour of direct down-conversion WUR architectures such as the dual uncertain-IF architecture; or
3) A square-law detector, a BPF, a mixer, and finally followed by a LPF to capture the behaviour of WUR architectures such as the double-sampling and the 2-tone reception architectures. 
The ADC block can be a simple comparator or a multi-bit ADC. An oversampling ratio, i.e., number of samples to be evaluated per information bit duration, may be considered during the signal design evaluation. The DSP block can be used to perform any bit detection, correlation, or message parsing operations before sending a wake-up (WU) indication and/or forward any messages to the main radio. The mapping between the evaluated SNR (SNRmodel) and the actual expected SNR (SNRArch) is based on an architecture specific noise figure (NFArch).
An interfering signal can be optionally introduced into the model to evaluate the LP-WUS co-existence with other signals in the same band. Different combinations of modeling block configurations may be considered to compare and differentiate between few of the most promising LP-WUR architectures. 
Many examples of such receiver implemented in integrated circuits exist in the literature. [4] In some example designs, the sensitivity of the receiver is adjustable to adapt to the need of the specific deployment scenarios. In general, higher sensitivity comes with higher power consumption. However, their power consumption is usually substantially less than 1 mW, which is negligible for a base station, even for a small cell base station.
In certain scenarios, reduced sensitivity is desirable. For example, in a HetNet deployment, the small cell base station should only be woken up by UEs nearby instead of UEs far away. Another example, in a macro-cell network, under certain situations, a base station in sleep mode should only be woken up by UEs with potentially strong link to it instead of UEs with potentially poor connection.  
For macro-cell base stations with a large number of receivers, instead of using a separate dedicated WUS receiver, one or a few of the receivers can be adapted to function as the WUS receiver. For example,  in the reference 64T TDD base station for NES study, a small number (e.g., one) of the 64 receivers can be turned on to detect the WUS, The power consumption of these receivers can be substantially below its normal operation in active UL mode due to lower complexity digital signal processing and possibly lower required ADC resolution. The sensitivity can be further adjusted by the number of receivers used to suit the specific deployment scenarios. The energy consumption of this operation mode can be obtained by scaling the power consumption of Active UL mode by the number of receivers used. It can be scaled by a further factor less than 1 to take into consideration the reduced power consumption per receiver.  
Observation 4: A newly designed UL wake up signal receiver would consume power in the order of ~ 1 mW. 
Observation 5: The energy consumption of UL low power wake up signal reception using existing receivers can be obtained by scaling the power consumption of Active UL mode by the number of active receivers. A typical/expected UL low power signal reception may be implemented with [x] number of receivers. It can be scaled by a further factor less than 1 to take into consideration the reduced power consumption due to lower complexity digital signal processing and possibly lower required ADC resolution.


Sleep States Transition  
In this section, we consider the mechanism to transition of these two sleep states to the ON state and between each other using possibly a new Wake Up Signal (WUS) in the UL. If the WUS consists of a train of RF pulses and the WUS radio at the BS is a separate low power radio using envelope detection to receive the signal, then at least from BS implementation, it should be possible to receive the WUS even when the BS is in the Deep Sleep State, in addition to the Light Sleep State, since the difference in power consumption at the BS is not significant. 
Observation 6: Depending on the definition of WUS and network implementation of the WUS receiver, the WUS can be received either at the Deep Sleep or/and Light Sleep states.
When the WUS is received in either the Deep or Light sleep states, the BS transitions to the ON state (State 4).
Observation 7: The WUS can provide a quick signaling method for both Deep and Light Sleep States to transition to the default ON state (State 3).
As proposed above, when the gNB receives a WUS in a specific cell, the cell transitions from either the Deep Sleep (State 1) or Light Sleep (State 2) states into the ON state (State 3). A cell in Deep Sleep State (State 1) should also be able to transition to Light Sleep State (State 2) to allow its UL receiver to be turned on, based on either BH signals or UL WUS. 
Observation 8: The transition to the Light sleep state from Deep sleep state should be supported. This can be supported by a signaling or trigger sent over the BH. 


Conclusions
In this contribution, we present our views on the applicability and definition of the various states for the gNB power consumption model. Based on the discussions in the previous sections, we have the following observations and proposals below.  
Observation 1: The agreement from RAN1#110 on the assumption of a non-sleep mode between adjacent sleep modes are strictly for the purpose of evaluations as it provides a rough estimate. In practice, transition between sleep states such as between Deep and Micro or Light and Micro provides energy savings for the BS.    
Observation 2: Further considerations are needed on the support of trigger(s) for the transition between the sleep states and the associated transition energy. 
Observation 3: A newly designed wake signal and receiver would provide the best power savings tradeoffs for the BS in sleep mode.
Observation 4: A newly designed UL wake up signal receiver would consume power in the order of ~ 1 mW. 
Observation 5: The energy consumption of UL low power wake up signal reception using existing receivers can be obtained by scaling the power consumption of Active UL mode by the number of active receivers. A typical/expected UL low power signal reception may be implemented with [x] number of receivers. It can be scaled by a further factor less than 1 to take into consideration the reduced power consumption due to lower complexity digital signal processing and possibly lower required ADC resolution.
Observation 6: Depending on the definition of WUS and network implementation of the WUS receiver, the WUS can be received either at the Deep Sleep or/and Light Sleep states.
Observation 7: The WUS can provide a quick signaling method for both Deep and Light Sleep States to transition to the default ON state (State 3).
Observation 8: The transition to the Light sleep state from Deep sleep state should be supported. This can be supported by a signaling or trigger sent over the BH. 
Proposal 1: Transition between any sleep modes and between sleep and non-sleep modes is supported in the BS, and these transitions should be part of the BS operations flexibility. 
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