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1. Introduction
There is broad consensus that network energy saving (NES) is of great importance for environmental sustainability and for operation cost savings. Based on [1], the scope of the SI on NES was defined, i.e. the objectives including “Definition of a base station energy consumption model, definition of an evaluation methodology and KPIs, and study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception ”. In this paper, we mainly discuss the potential techniques for NES. 
Generally speaking, the power consumption of a BS can be split into two parts: the dynamic part which is only consumed when data transmission/reception is ongoing, and the static part which is consumed all the time to maintain the necessary operation of the BS, even when the data transmission/reception is not on-going. The static power consumption is usually determined by the sleep modes, and it is usually a fixed value (more detailed analysis of the power consumption model can be found in [2]). Then, in this paper, we mainly focus on how to reduce the power consumption of the dynamic part. 
Generally, for the dynamic part, the power consumption should be optimized based on the traffic. Considering the varied requirements of different UEs and different services in different TTIs, the transmission parameters, like the active TRX chain set, the transmit power, can be adjusted based on service’s requirements and maximize the potential power savings without incurring large performance loss. This may be achieved by adjusting some transmission parameters according to the UEs’ data rate requirements and the expected transmission capacity. As an example, when the traffic is small and the transmission capacity is redundant, some of the transceiver chains or components can be turned off in order to reduce power consumption. During the discussion in RAN, there was hot discussion on NES, and several potential techniques to enable NES were proposed. Most of the proposed techniques can be summarized as power reduction in time, spatial, frequency and/or power domains. For example, dynamic on/off and light common signalling were for time domain. In spatial domain, dynamic TX/RX port adaptation was proposed. CA/DC carrier level on/off, transmit BW adjustment within one carrier belongs in frequency domain. And also in power domain, dynamic power spectrum density (PSD) adjustment was proposed. In the following, we will also describe the schemes through time, spatial, frequency and power domains. In addition, the information assistance for NES can be found in [3].
2. Time domain
2.1 Light common channels/signals design
In the time domain, when there is no data, the BS can reduce power consumption by symbol muting. More efficient symbol muting can be achieved by simplifying some always-on signals/channels. In NR, some always-on common signals (e.g., SSB and SIB1) are transmitted by the base station to guarantee that the cell is detectable by UEs. These always-on common signals occupy a certain amount of symbols, in which the BS cannot go into a sleep mode for energy saving. Table 1 shows the ratios of the always-on common signals in time domain (symbol) under some typical configurations. 
[bookmark: _Ref100590119]Table 1 Tim domain resource occupancy of always-on common signals
	
	FR1 @ 30kHz & 8 beam
	FR2 @ 120kHz & 64 beam

	SSB 
	6.5%
	14.8%

	SIB1
	22.7%
	14.8%

	Total
	29.2%
	14.8%

	System configuration:
· Frame structure is 7D : 1S : 2U 
· periodicity of SSB and SIB1 = 20ms and SIB1 is slot-based transmission
· SSB/CORESET multiplexing pattern = Pattern 1 for FR1 and Pattern 3 for FR2



Observation 1: There can be up to 30% symbols for FR1 and 15% symbols for FR2 being active in time for the network to only transmit SSB and SIB1.
For reducing ratio of SSB and SIB1, a straightforward approach is to enlarge the periodicity of SSB and SIB1 when the network is idle. However, this may increase the access delay of UEs and there is a risk that the legacy UE cannot correctly identify a cell with a longer periodicity of SSB. 
For some scenarios, especially when there is already a carrier for a UE to be able to receive SSB/SIB1, the common signals for other carriers may be simplified and/or assisted by the signals received from the first carrier. As shown in Figure 1, the original SIB1 on energy saving (ES) CC can be transmitted on anchor CC, which can reduce 22.7% symbols from being active in time for ES CC and can enlarge the sleeping time for energy saving.
For SSB, discovery reference signal (DRS) occupying fewer symbols (e.g. 2 symbols as shown in Figure 1) than the existing SSB can be transmitted on ES CC, aiming to impose less impact on UE performance such as synchronization accuracy. Moreover, no matter for inter-band carriers or intra-band carriers, if the BS can maintain the synchronization between different CCs (like anchor CC and ES CC in Figure 1), the SSB on ES CC can be completely skipped, i.e. SSB-less in Figure 1, achieving additional sleeping time. The UE on ES CC can acquire time and synchronization based on the SSB on anchor CC. It is true that the legacy UE cannot access the network through ES CC, however, due to the existing of anchor CC, legacy UE can receive normal SSB and SIB1 on anchor CC. Moreover, skipping SSB on ES CC can also reduce the latency of SCell activation and improve UPT performance, since UE can acquire synchronization information from PCell. For example, the latency of fast SCell activation could be reduced from ~12ms to ~6ms, or to even lower value with additional improvements.
Observation 2: Use of SSB received from one carrier for other carriers in multi-carrier scenarios can bring energy saving gain as well as lower latency of SCell activation procedure.

For a FR2 carrier which is deployed in a standalone manner, there may be further room to reduce the need of the always-on common signals such as SSB/SIB1 due to different activeness among beams, e.g., replacing these signals by on-demand SSB/SIB1 (note on-demand SIB is already specified) as shown in Figure 2. 

[image: ]
[bookmark: _Ref100590789]Figure 1 Inter-carrier assistance for SSB/SIB1 transmission
[image: ]
[bookmark: _Ref101465442]Figure 2 Light common design for FR2
As shown in Figure 3 which is also present in [2], the power saving of SSB/SIB1-less operation on ES CC is simulated by system-level simulation at different resource utilization (RU) cases. From the simulation results, we can see that compared to the baseline power consumption where SSB and SIB1 are both transmitted with four beams in NR FDD, more than 30% and 20% power saving gain can be achieved for SSB/SIB1-less and SIB1-less only operations respectively for the low load case (e.g., <10% RU), as shown in the left figure. In addition, we also simulate the power increase for the anchor CC to carry the additional SIB1 of the ES CC as shown in the right figure, wherein we can see less than 10% power increase in anchor CC for the low load case which is much smaller than the power saving gain in the ES CC. 
[image: ]  [image: ]
Figure 3 Initial system-level simulation results for SSB/SIB1-less operation
In addition, for multimode BS, especially when LTE and NR share the same module, PAs and components in the signal processing units of RF modules can be shut down when no data needs to be transmitted in either LTE or NR symbols, as shown in Figure 4. Hence, in this situation, the ratio of always-on common signals is much bigger than the data shown in Table 1, since the common signals of LTE must also be considered. Therefore, in order to reduce the time ratio, how to align common signals of LTE and NR can be studied. 
[image: ]
[bookmark: _Ref101949043]Figure 4 Multimode base station shutdown
Proposal 1: Study possible methods to optimize/simplify the transmission of common signals, e.g. SSB and SIB1, in single-carrier and multi-carrier scenarios with minimum extra access delay to NR and/or in NR co-existing with LTE.

2.2 Other enhancements
Ideally, there is no data transmission in idle case and hence the BS should be powered off to achieve zero power consumption. When BS goes into sleep mode, it does not receive/transmit any signal for a certain time. In this case, it should indicate the state transition to UE. Considering that UE DRX and dormancy cell was already studied in UE power saving, we should firstly study whether additional spec effort is needed assuming UE DRX is already configured. 
[bookmark: _GoBack]Proposal 2: Study whether additional spec effort is required, in the case UE DRX is already configured.

3. [bookmark: OLE_LINK6][bookmark: OLE_LINK7]Spatial and power domain
3.1 Spatial domain TRX shutdown
[bookmark: OLE_LINK26]In the spatial domain, we can reduce the number of active TRX chains to achieve power saving. Especially when the traffic is small and the resource utilization is low, the transmission capacity is redundant and hence some of the transceiver chains or components can be turned off. As an example, a small traffic load does not need such high space domain resources, like 64 TRXs, and we can mute some TRXs in this situation without causing performance loss. Moreover, as shown in the left part of Figure 5 below, with muting some TRX chains, if frequency resources are available, we can also allocate more RBs to guarantee the transmission rate requirement. In other words, we can optimize the resource allocation of frequency and space domain to achieve the minimum power consumption without cause performance loss. For FR2, the similar method to TRX muting can also be applied, like muting some analog chains to reduce the power consumption while the QoS of data transmission can still be guaranteed. 
 
[image: ]
[bookmark: _Ref101949076]Figure 5 Possible power saving methods through TRX muting and Power back-off

Currently, some implementation methods have been developed, in which the base station can mute some TRX chains semi-statically in, e.g., 1 second or 100 ms. However, this semi-static method has two non-negligible drawbacks. The first is the impact on coverage of some common/control signals/channels. For example, on some TTIs with SSB/SIB1/paging transmission, muting some TRX chains would lead to reduced cell coverage and hence some cell-edge UEs cannot successfully receive these messages. The second one is this method cannot track the dynamic traffic arrival timely. For example, the fixed TRX muting scheme would lead to extra transmission delay on some TTIs with large traffic buffer or poor channel condition. By contrast, dynamic TRX muting can be implemented in a per-TTI manner to accommodate the channel/signal type and also the traffic buffer as well as channel condition for data transmission, and hence achieve the best power saving gains while still guarantee no performance loss.
However, if the transmission parameters are adjusted in a dynamic manner for power saving, the expected transmission capacity would also change dynamically due to the fast varied effective channel as well as the fast varied intra-cell/inter-cell interference. The received SINR at UE can be expressed as,

where Hl is the channel after TRX muting, and wl is the precoding. Rintra and Rinter are the intra-cell and inter-cell interference, respectively. The parameter c is the receiving vector at UE. Due to the dynamic changing of TRX number, the channel  is also changing dynamically. As a result, an accurate link adaption becomes difficult and accordingly, the resource utilization becomes lower due to either more conservative resource allocation or larger decoding failure probability. How to solve this issue should be analysed first and if necessary, discuss potential measurement enhancements for this goal.
As shown in Figure 6, the power saving of TRX chain shutdown for both TDD and FDD is simulated by system-level simulation at 30% RU case for different performance loss situations (e.g., 100% means no performance loss and 95% means 5% performance loss). In the simulation results, the baseline is normalized to 0% power consumption without no performance loss, relative to which other columns represent the relative power saving ratios. Both single CSI with only no TRX shutdown and multiple CSIs with different TRX shutdown patterns are considered. For FDD, since single CSI cannot capture the PMI for different TRX shutdown patterns, the performance loss is large which is not shown in the figure. 
[image: ]     [image: ]
Figure 6 Initial system-level simulation results for TRX chain shutdown

Observation 3: Considerable power saving gain and small performance loss can be achieved by dynamic TRX chain shutdown with multiple CSIs for different TRX number shutdown. 

3.2 PSD reduction and frequency extension
In addition, according to the Shannon capacity formula, i.e. , for a given data rate B, we can get different combination of bandwidth W and transmit power P. As an example, we can allocate larger W1 and smaller power P1 to get a demand B, and also we can allocate smaller W2 and bigger power P2 to get the same value of B. Hence, theoretically, we can find an optimal combination of W and P to achieve the minimum power consumption and same data rate B. Specifically, the transmission capacity increases linearly with the bandwidth but logarithmically with the transmit power spectrum density (PSD), and hence it is preferable to transmit a given amount of data with a larger bandwidth and hence a much smaller PSD, to achieve a smaller total power consumption. As a result, in the power domain, we can reduce the transmit power level to achieve power savings and typically allocate more RBs to remain the transmission capacity, as shown in the right part of Figure 5 above.
Due to the similar reasons mentioned above, our goal is to dynamically adjust some transmission parameters to maximize the power savings and minimize the performance degradation, and also it is necessary to analyse how to achieve an accurate link adaption along with dynamic transmit power. Some preliminary simulation results can be found and benefits are observed in [2].
Observation 4: Considerable power saving gain with small performance loss can be achieved by dynamic PSD back-off with multiple CSIs for different PSD back-off ratios.

In order to assist the dynamic TRX pattern and power adjustment, finer resolution of link adaptation and channel state indication may be helpful. To understand this, it would be interesting to investigate whether the optimal transmission layers and MCS for different active TRX patterns can be easily maintained 
Proposal 3: Study dynamic TRX muting/power adjustment, e.g. in dynamic-level, with proper UE feedback/assistance information, e.g. enhanced CSI measurement/report.

4. Conclusions
The following observations and proposals are provided.
Observation 1: There can be up to 30% symbols for FR1 and 15% symbols for FR2 being active in time for the network to only transmit SSB and SIB1.

Observation 2: Use of SSB received from one carrier for other carriers in multi-carrier scenarios can bring energy saving gain as well as lower latency of SCell activation procedure.

Proposal 1: Study possible methods to optimize/simplify the transmission of common signals, e.g. SSB and SIB1, in single-carrier and multi-carrier scenarios with minimum extra access delay to NR and/or in NR co-existing with LTE.

Proposal 2: Study whether additional spec effort is required, in the case UE DRX is already configured.

Observation 3: Considerable power saving gain and small performance loss can be achieved by dynamic TRX chain shutdown with multiple CSIs for different TRX number shutdown. 

Observation 4: Considerable power saving gain with small performance loss can be achieved by dynamic PSD back-off with multiple CSIs for different PSD back-off ratios.

Proposal 3: Study dynamic TRX muting/power adjustment, e.g. in dynamic-level, with proper UE feedback/assistance information, e.g. enhanced CSI measurement/report.
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