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Introduction
In this contribution, we discuss the techniques to reduce network energy consumption with emphasize on performance, technique description and spec impact. In particular, network energy savings techniques can be categorized in terms of the resource whose usage is optimized and hence the network energy savings can be achieved. In this respect, the techniques can be categorized to the ones targeting time, frequency, spatial, and transmit power resource optimization. As the result, we can have the following categories listed under Section 6 of the TR 38.864 as sub-sections:

•	Time domain techniques
•	Frequency domain techniques
•	Spatial domain techniques
•	Power domain techniques

Time Domain Techniques
[bookmark: _Ref110499324]Energy Savings for the Common and Broadcast Channels
Channels associated with SSB transmission and the linked random-access procedure are an important contributor of base station energy consumption. These common channels are the highest contributor of energy consumption at the base station in case of low cell load. This scenario is prioritized in the SID [2] “The study should prioritize idle/empty and low/medium load scenarios (the exact definition of such loads is left to the study), and different loads among carriers and neighbor cells are allowed. 
Legacy UEs should be able to continue accessing a network implementing Rel-18 network energy savings techniques, with the possible exception of techniques developed specifically for greenfield deployments.”
These cases in which the load is low and the main network activity is associated with SSB transmission and RACH reception is termed “gNB in idle mode” here. In this scenario, energy is consumed mainly from SSB transmission and the associated downlink and uplink procedures, such paging and initial random access. As an example, for a reference configuration with SSB/RMSI/RACH periodicity of 20msec and 32 beams, SSB/RMSI may account for ~20%, and RACH for 12% of the overall power consumption of a “gNB in idle mode”. 
Observation 1: Network energy consumption in this scenario of “gNB in idle mode”, i.e., case of no or few PDSCH, PUSCH, CSI/RS, SRS transmissions, is mainly dependent on SSB transmission and associated downlink and uplink procedures for initial access and system information transmission.
SSB beam sweeping is the major energy contributor in this “gNB in idle mode” and therefore reducing energy consumption from this mechanism should be the priority; this is particularly of relevance at FR 2. Hence, network energy savings mechanisms should target on a simpler – than Rel. 15 SSB – broadcast signal; the design goal should be network energy reduction without affecting considerably the UE initial access latency and UE power consumption. 
At #110 meeting, the list of all candidate network energy saving techniques was captured in [3]. In the list there was the following text for the network energy savings techniques in time domain. One of those techniques is the adaptation of common signals and channels, as it can be seen below:
	Time Domain Techniques
· Technique #A-1 Adaptation of common signals and channels
· Dynamically vary the periodicity and/or a transmission pattern (when applicable) of downlink common and broadcast signals, such as SSB/SI/paging/cell common PDCCH, and/or the periodicity of uplink random access opportunities.
· This also include introducing simplified version of downlink common and broadcast signals, where for some periodicity occasion one or more common signals/channels can be skipped.
· This is mainly for BS idle/inactive mode, e.g. cell deactivation without DL data transmission.
· burst transmission and reception of common signals and channels with more than one periodicity are expected to potentially provide longer inactivity periods for the gNB.
·  on-demand SSBs/SIB1 transmissions or SSB/SIB1-less operations may also enable long periods of inactivity at the gNB.
· This may include signals/channels to aid discovery of cells in lieu of SSBs.
· This may include mechanism for UE to trigger on-demand SSB/SIB1 transmission for fast access/fast cell activation.
· It should be noted that use of CA means the technique is only applicable to UEs in connected mode. 
· adaptation of CORESET 0 (e.g. in a separately configured CORESET) to avoid/reduce redundant DCI transmissions within the CORESET 0 for the gNB]
· This may include support of a long period (rather than the period as the same as the SSB period) of CORESET 0
· This may include support of scheduling of SIB1 by SSB to avoid transmissions of DCIs within CORESET 0, support of the mechanism to reduce impacts on SSB and overhead
· Dynamic adaptation of the periodicity of common channel/signals might have impact to the UE normal access to the network, such as initial access, and legacy UE network access.   





Most of the network energy savings are expected in the very low loaded cases scenarios, e.g., in areas of low UE density, or in the middle of the night in office areas, etc, i.e., in the “gNB in idle mode” scenario.
Proposal 1: Capture in TR the following description with regards to the reduction/adaptation of transmission/reception of common channels/signals:
· RAN 1 to focus the work on network energy saving mechanisms for Rel. 17 SSB beam sweeping on the “gNB in idle mode” scenario, i.e., scenario of very low load and in which the gNB activity is largely due to SSB transmission and RACH reception. SSB beam sweeping and associated signaling, e.g., paging, RACH reception is the highest energy contributor in the case of very low load in the cell.
Some clarifications of the modifications of common signal is given below. In addition, mechanisms for adapting from the Rel. 17 common signal operation to the modified “network energy savings” common signal operation are given below.
An example of SSB energy saving mechanism, which would not considerably impact UE’s latency and/or power consumption during the access process, is the modification of current SSB towards a lighter version. A “light SSB” version is the one in which SSB carries no or minimal info, such as PSS for example. This “light SSB” could be combined with other techniques such as less frequent SSB transmission (e.g., with a periodicity > 20msec), or with “on-demand SSB”; where “on-demand SSB” is the SSB transmission that is triggered by UE via an UL trigger signal. As an example, the gNB transmits this “light SSB” and if there are UEs monitoring this “light SSB” and trying to access the network, UEs react by transmitting an uplink trigger signal. Upon reception of this uplink trigger signal, gNB starts transmitting the full-blown SSB. An example of “adaptive and on-demand SSB” transmission could be seen in Figure 1. In this example, at the right part of Figure 1, a light version of SSB is swept in the cell; the UE responds by transmitting RACH at the detected beam. The full version of SSB is transmitted only at the beam in which the UE transmitted RACH. This adaptation from “light SSB” to normal SSB behavior and vice-versa can be achieved with DCI or MAC-CE signaling, or it can be configured, i.e. upon RACH transmission that informs the detected beam, the UE is expecting a full Rel. 17 SSB transmission.
 


[bookmark: _Ref110442064]Figure 1: “Adaptive/flexible and “on-demand” initial access DL/UL signals transmission/reception.
Another mechanism with a significant potential in network energy savings in this “gNB idle mode” is the “compact SSB burst composition”. In legacy systems, burst set patterns are defined with gaps between SSB bursts, in order to accommodate cell traffic, i.e., PDSCH and PUSCH. In case of no/low load in the cell, a suitable mechanism would be to transmit SSB burst set in a “compact manner”, i.e., with small time gaps between SSBs. This whole operation can be achieved by maintaining the same SSB period, as in Rel. 17. There is no impact to the UEs, since as soon as UEs transition into RRC connected mode, the network can apply gaps between SSB bursts in order to accommodate the traffic of UEs in connected mode. An example of “compact SSB burst” can be seen in Figure 2.


[bookmark: _Ref110442878]Figure 2: “Compact SSB burst“ by avoiding gaps between SSB transmissions.
This scheme under certain assumptions could provide up to ~14% network energy reduction and roughly 4% of reduction in UE energy consumption for initial access, as it can be seen in Table 1. The gain is obtained due to the fact that the BS can go quicker to sleep mode, in between SSB transmissions and the same applies for the UE which gains slightly in energy due to shorter SSB monitoring time. The same note as above: These numbers will be very likely slightly adjusted once the gNB energy consumption model is finalized and agreed in this SI; however, the trend for lower network energy consumption will be visible and the presented results already give a rough estimate of the potential of such mechanisms.
Based on initial simulations, this combined scheme could reduce energy consumption up to ~28%, by marginally affecting the UE energy consumption. These techniques can be studied in more details once the gNB energy consumption model is finalized and agreed in this SI; however, the trend for lower network energy consumption will be visible and the presented results already give a rough estimate of the potential of such mechanisms.
[bookmark: _Ref111056615]Table 1: Network energy consumption and UE power consumption for initial access from i) “light SSB combined with on-demand SSB/RMSI/RACH” and ii) “compact SSB Burst Composition”.
	Energy/Power Consumption 
	“Light SSB” combined with on-demand SSB/RMSI/RACH
	Compact SSB/PRACH bursts

	gNB Avg Power saving with respect to a legacy baseline
	-28%
	-14%

	UE’s Initial Access Power Consumption penalty or saving
	+0.16 %
	-4%



As also mentioned above, a system with beam sweeping broadcast signals over multiple beams introduces a higher system overhead, higher network energy consumption, and higher UE power for RRM measurement than a system with a single beam operation (e.g., LTE) or an operation with a small number of beams. We can have enhancements on mobility and paging to reduce both NW power and UE power by enabling the system to operate with a fewer number of beams when the system load is empty or low in greenfield deployments. Several mechanisms can be applied in order to achieve this reduction in beam sweeping.
As a first example, flexible beam sweeping can be applied for RMSI transmission. Currently, RMSI is sent in all directions from all TRPs with the same periodicity. In very low loaded scenarios, RMSI can be transmitted from certain TRPs/beam directions less frequently, due to lack of UEs in these beam directions. RMSI transmission from different beams can be signaled to UEs either via SSB or RRC signaling. An example of RMSI transmission with flexible beam sweeping can be seen in Figure 3.


[bookmark: _Ref110494004]Figure 3: RMSI transmission with flexible beam sweeping.
Similar to RMSI transmission, the same principle can be applied to RACH configuration: RACH transmissions can be configured in a different manner in different beam directions or TRPs, due to different activity levels per beam direction. Such configurations can be applied for various beam directions and for specific time periods. These different RACH configurations per beam namely imply that are different RACH parameters, such as different time resources, offset, periodicity, etc.

Network energy savings can also be obtained by adapting the transmission power level per beam direction/TRP. This adaptation of transmission power per beam direction/TRP does not need to be done very dynamically. It can be done in a semi-static manner, via SSB or RRC signaling and it can be based on the average coverage provided per beam direction; as an example, a given beam direction might be blocked for several seconds and the reach of the beam is limited. In such a case transmitting with the BS maximum transmission power level at this certain beam direction for this specific time window is not necessary.   
Another way of reducing energy consumption at the network via reduced beam sweeping operation is the use of SFN. In particular, 
· Network side: cells within an area (e.g., RNA or RAN area) send SFN (single frequency network) synchronization signals and SFN paging over a small number of beams (e.g., a single beam for FR1). A cell only transmits cell specific SSB/SIB1 when a UE in the area triggers such transmission.
· UE side: UE performs measurement of SFN synchronizations signal for RRM and SFN paging reception via a small number of beams. UE shall request and search for cell specific SSB/SIB1 when transitioning to the connected state. Note that based on UE request, the NW may need to activate a small subset of SSBs only.
Network energy savings can be produced by NW transmitting synchronization and paging over a smaller number of beams (saving NW power in sync/paging transmission and UE power in beam selection in paging reception).
In general, investigating the option of shifting from transmission and reception of signals associated with initial access from all directions blindly, only to targeted directions and only when needed, i.e., only when there is traffic activity, and configuring some of these initial access channels differently per beam direction, especially in this “gNB in idle mode” scenario seems to be a promising area of network energy savings. The network can adapt dynamically from these network energy saving modes for common signals described above to the normal operation and vice-versa via dynamic signaling, i.e. via DCI or MAC-CE.
Proposal 2: Capture in TR the following description with regards to the reduction/adaptation of transmission of common channels/signals includes:
· Introducing simplified “light” version of downlink common and broadcast signals, such as SSB:
· With the term “light SSB” what is meant is either PSS only or PSS and SSS.
· SSB/”light SSB”, RMSI or paging as well as uplink random access opportunities can be skipped in time and/or spatial domain.
· on-demand SSBs/SIB1 transmissions or SSB/SIB1-less operations may also enable long periods of inactivity at the gNB.
· This may include UL channels and associated mechanism for UE to trigger on-demand SSB/SIB1 transmission for fast access/fast cell activation
· This is mainly useful for BS idle/inactive mode, e.g. for temporary cell switching off without DL data transmission, or in the case in which the BS is actively transmitting common broadcast signals but there is no DL data transmission.

BS DTX and UE DRX Coordination
At the last #110 meeting and in the context of network energy saving techniques in the time domain, companies in their majority supported the option of cell switching on/off either dynamically or semi-statically. The excerpt from the relevant #110 document [3] can be seen below:
	· Technique #A-4: Adaptation of DTX/DRX
· DTX/DRX cycle configuration/pattern at the BS, which can be potentially aligned with the DRX cycle configured for UEs in connected mode or idle mode can potentially provide longer inactivity periods at the gNB.
· This may include potential enhancements to UE behavior when both cell-specific DTX/DRX cycle and UE DRX cycle are configured.
· An alternative BS DTX with UE C-DRX alignment would be the use of DTX/DRX patterns that are defined by the BS. 
· The two techniques/approaches of DTX/DRX alignment can be complementary to each other .
· [Reducing gNB’s activities (e.g. SSB, CG PUSCH, etc.) outside UE DRX active time such as SSB or SIB.]
· Reduction of periodically transmitted/semi-static configured channels/signals(e.g. SSB, SIB, CG PUSCH etc.) during the longer inactivity periods (i.e. outside UE’s DRX active time).
· Controlling UE DRX on/off periods for multiple DRX cycles with a single indication which can potentially provide longer inactivity periods at the gNB.
This may include group level indication for, such as UE-group signaling or cell-specific signaling, UE DRX commend such as DRX enhanced command MAC CE and long DRX commend MAC CE.



The network energy savings from such a mechanism come from the fact that the BS can go to sleep mode. UEs also can benefit from such a scheme since UEs do not need to monitor PDCCH for example and can go to sleep mode as well, when the BS goes to sleep mode. Ideally and in cases of few, e.g. a couple, of connected UEs per cell, all of those UEs supporting traffic without low latency requirements, could align their C-DRX pattern with the BS DTX pattern. Additional network energy savings could also be obtained from the lower signaling overhead; as an example, a BS operating in DTX mode for a given cell and with a given DTX pattern which is transmitted to the UEs, implies that UEs in this cell, apply the BS DTX pattern in this cell as their own DRX pattern. Hence, the network might not need to configure DRX per UE in the cell separately. As an extension, for UEs moving and being in the coverage area of various cells, which have different DTX patterns, UEs DRX patterns are dynamically adapted to the new cell DTX pattern; for UEs in both connected and idle mode. Coordination of UEs C-DRX configuration might help also.
Observation 2: Coordination of UE C-DRX configurations across multiple UEs may facilitate BS DTX/DRX implementation for network energy savings.



Figure 4: Coordinated BS (gNB) DTX pattern for a given cell and DRX pattern of UEs.
In this BS DTX pattern, there are periods in which the BS is actively transmitting – “BS Tx Active State” - and periods in which the BS is switching off its transmitter, which is the “BS Tx Inactive State”. The assumption is that the BS during this “BS Tx Inactive State” goes to sleep mode.
This BTX pattern can be either semi-static or dynamic. In a semi-static pattern, the “BS Tx Active State” and “BS Tx Inactive State” have fixed durations and the periodicity of the BTX pattern is fixed. In case of dynamic BS DTX pattern, “BS Tx Inactive State” is triggered dynamically by the network, via e.g., DCI. Figure 5 illustrates examples of semi-static and dynamic BS DTX patterns. The benefit of the dynamic BS DTX pattern is that the network can quickly respond to DL traffic activity and thus provide more BS sleep occurrences. Hence, in some cases, the network energy savings can be higher with the dynamic BS DTX pattern.



[bookmark: _Ref110501632]Figure 5: Semi-static and dynamic BS DTX patterns.
Both semi-static and dynamic BS DTX patterns are initiated by the BS and the BS can be aware of the amount of connected UEs in the cell, in the neighbor cells, as well as the delay requirements of established radio bearers. On the basis of this information, the BS can initiate either semi-static BS DTX pattern, or the BS can trigger dynamically a “BS Tx Inactive State” for a given duration. In order not to affect Rel. 17 UEs, the “BS Tx Inactive State” duration should never exceed the SSB period minus the SSB transmission time, allowing thus for Rel. 17 UEs to be able to listen to SSB without interruptions in both semi-static and dynamic BTX patterns. Similarly, UEs in idle mode are not affected either.
UEs in the cell can be informed about the semi-static DTX pattern either via SI or via dedicated RRC signaling. In the case of dynamic “BS Tx Inactive State”, the network might have configured at RRC level the option of BS Tx Inactivity with defined durations and a group common DCI can trigger the start of “BS Tx Inactive State”. Similar motivation and reasoning can be applied for the BS pausing reception, which means that there is a BS DRX Pattern.


[bookmark: _Ref111199800]Figure 6: Semi-static and dynamic BS DRX patterns.
Figure 6 shows examples of BS DRX patterns. The same principles as for DTX patterns apply in this case. So as not to affect Rel. 17 UEs in connected mode and UEs in idle mode (independently of Release), the BS DRX pattern, either semi-static or dynamic, does not result in RO or in UL CG skipping. 
Depending on the BS architecture, the BS might be able to go to sleep mode in one of the directions. In some other BS architectures, this is not possible and if the BS goes into sleep mode in one direction, this means, that the BS has to go to sleep mode in both directions.
Therefore, both BS DTX and BS DRX patterns should be considered.

Proposal 3: Capture in TR the following description for semi-static and/or dynamic cell on/off:

DTX/DRX cycle configuration/pattern at the BS, which can be potentially aligned with the DRX cycle configured for UEs in connected mode or idle mode can potentially provide longer inactivity periods at the gNB.
· This may include potential enhancements to UE behavior when both cell-specific DTX/DRX cycle and UE DRX cycle are configured.
· An alternative BS DTX with UE C-DRX alignment would be the use of DTX/DRX patterns that are defined by the BS. The mechanism of BS DTX in this case is identical to the one just described: the BS pauses DL transmission during DTX period. The difference with the DTX mechanism aligned with the UE DRX cycle is that this proposed mechanism here is that the BS DTX Pattern is initiated by the BS, without the BS necessarily considering the UE C-DRX patterns. 
· The techniques/approaches of DTX/DRX alignment can be complementary to each other.
· This may include group level indication for, such as UE-group signaling or cell-specific signaling.
Dynamic UE C-DRX Configuration
BS sleep/active pattern can be achieved via UE C-DRX coordination across a group of UEs without explicit  BS DTX/DRX pattern indication. In the existing system, C-DRX configuration is UE specific. The configurations may be different for different UEs especially when the base station is in high load (e.g., the load is more than 50%). However, when the base station is in low or light load and is in the power savings operation, the base station might want to align the C-DRX configurations and/or configure a longer C-DRX periodicity for a group of UEs. By aligning C-DRX configurations among the UEs and/or extending the C-DRX periodicity, the base station might be able to extend its sleep time for power savings. Hence, it is beneficial to have mechanism to dynamically switch between UE-specific C-DRX configuration and UE group specific C-DRX configuration with respect to dynamic traffic conditions for network energy savings.
Proposal 4: Capture in TR the following description for dynamic C-DRX configuration adaptation 
· A UE may be configured with a C-DRX configuration for network energy savings in addition to a legacy C-DRX configuration. The C-DRX configuration for network energy savings can be common to a group of UEs. The UE may receive L1/L2 signalling to switch between the configured C-DRX configurations.
· Specification impact at least includes L1/L2 signaling to switch between the configured C-DRX configurations (e.g., C-DRX periodicity and/or inactivity timer).
Cell Wake-up Procedure
Low power WUS and receiver for UE power savings will be studied in [6] for NR. In this section, we discuss cell wake-up signal (C-WUS) that a UE can transmit to help gNB transition from a sleep state to an active state and possibly reside in a deeper sleep state for lower NW power consumption as illustrated in Figure 7.



[bookmark: _Ref111060685]Figure 7: Cell wake-up mechanism with cell wake-up signal
For a cell without any UEs operating in connected state, the UE can transmit C-WUS in a C-WUS occasion to activate broadcast signal transmission whenever it needs transitioning to an active state. The gNB would be active during C-WUS occasions to monitor C-WUS. If the C-WUS is detected, the gNB may reside in the active state to serve connected mode UEs. Otherwise, gNB would go back to a sleep state in which it does not monitor pre-configured resources (e.g., RO, small data transmission) and may not transmit cell-specific broadcast signals (e.g., SSB and SIB1). As a result, it can reside in a deeper sleep for power savings. For a cell with a small number of UEs operating in connected state, the C-WUS mechanism can support cell C-DTX/C-DRX operation. For example, if a configured grant occasion falls into the cell inactive time, the UE would not use such occasion for PUSCH transmission. In another example, if a PDCCH monitoring occasion falls into the cell inactive time, the UE would not perform PDCCH monitoring on such occasion. It is worth mentioning that cell wake-up could be one approach to enable efficient techniques for on-demand SSB/SIB1 discussed in Section 2.1.

Observation 3: Cell wake-up mechanism could enable BS flexibly provision downlink channel transmission (e.g., broadcast channel) and uplink channel reception (e.g., RO, SR, and configured grant) to achieve network energy savings. 
Observation 4: Cell wake-up mechanism might be applicable to a cell without any connected mode UE (empty scenario) and with some connected mode UEs (low load scenario).
Based on the discussion, we make the following proposal:
 Proposal 5: Capture in TR the following description for cell wake-up procedure 
· Cell wake-up procedure is a procedure in which a UE may send a cell wake-up request to help gNB transition from a sleep state to an active state. Furthermore, based on the received request, gNB may broadcast its active time to one or a group of UEs.
· Specification impact may include cell wake-up request from UE, UE behaviour when base station is in sleep state, and indication of gNB active time.
Frequency Domain Techniques
Dynamic UE Group specific Primary Cell Change in CA
In CA operation, the UE can be configured with a set of secondary cells (Scell) in addition to a primary cell (Pcell). Pcell/Scell is UE-specific concept and one CC working as Pcell for a UE may be working as Scell for another UE. From network power consumption perspective, it is beneficial to turn off some CCs and keep a common CC serving as Pcell for the connected mode UEs when the cell load is low. To make such mechanism as illustrated in Figure 8 work, the gNB would need to request the UE perform Pcell switch when the ongoing CC serving as Pcell is not common CC serving as Pcell for the purpose of network power savings. After switching to a new Pcell, the gNB would need to deactivate the old Pcell or send it to a dormant state. 
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[bookmark: _Ref110850113]Figure 8: Pcell switch and Scell dormancy
The Pcell switch is achieved by RRC reconfiguration e.g., via L3-based handover in the current standards. However, the RRC reconfiguration may not be fast enough to react to dynamic arrival load. Hence, it would be more beneficial to have Scell/Pcell switching by L1/L2 signaling. It could be arguable that such L1/L2 based Pcell switching is under scope of R18 mobility enhancements [5] in which the Pcell change is also worked on by UE-specific manner. If we apply such UE-specific L1/L2 based Pcell change to the network power savings scenario discussed earlier, the gNB may need to trigger multiple L1/L2 signaling to connected mode UEs; leading to higher signaling overhead. Instead, a joint dynamic Pcell switching and Scell dormancy indication by group-common manner may be introduced to improve signaling efficiency. Performance analysis is provided in [9].
Proposal 6: Capture in TR the following description for dynamic UE group specific Pcell switching.
· In CA operation, the UE is configured with a set of secondary cells in addition to a primary cell. To reduce network power consumption, some secondary cells may be dynamically deactivated or put in a dormant state while a common primary cell may be dynamically configured for a group of connected mode UEs especially when the system load is not high. 
· Scell deactivation/dormancy can provide network energy savings. However, it negatively impacts UPT and coverage. For example, with Set 1 FR1 reference configuration and CA with 2 CCs, Scell deactivation shows 33% average network energy savings when 20 UEs are assumed in a cell. However, it shows 64Mbps for 25 UEs per cell (61% RU) and 210Mbps for 20Ues per cell (39% RU).
· Specification impact may include dynamic indication of primary cell switch to a group of UEs.

Inter-band CA with SSB-less Carriers
Inter-band CA with SSB-less carriers has been discussed to reduce broadcast overhead and network power consumption and to reduce Scell activation latency. Here, synchronization of an SSB-less carrier can be derived from a carrier transmitting SSB/SI as illustrated in Figure 10. However, broadcast overhead reduction and Scell activation latency could be achieved by the current standards. For example, broadcast overhead reduction could be achieved by having longer broadcast periodicity while Scell activation latency could be achieved by R17 temporary RS. 
[image: Graphical user interface, text, application, chat or text message

Description automatically generated]
[bookmark: _Ref101367642]Figure 10: Inter-band CA with SSB-less carriers
Observation 5: SSB/SI can be transmitted at a long periodicity in Scell to reduce broadcast overhead and network power consumption.
Observation 6: A long SSB/SI periodicity together with R17 temporary RS should already provide reasonably low Scell activation latency.
It might be arguable that SSB-less carrier could be beneficial to the UE since it does not need to acquire SSB in the carrier anymore. However, there are potential issues that impact performance of the scheme e.g.,
· Reliability of the time/frequency/spatial information from one carrier to be used for SSB-less carrier
· Requirements for MRTD and carrier collocation between secondary cells and associated primary cell,
· Band requirements for secondary cells and associated primary cell, 
Furthermore, it is not clear how FR2 beam management could work especially in FR2 if RS for beam management in SSB-less carrier is borrowed from another carrier which was refer (after several meetings discussions, RAN 4 concluded to move forward on NR RF Enhancements WI without Common Beam Management (CBM) at FR2 [8]). Hence, we make the following proposal to capture the technique and potential issues.
Proposal 7: Capture in TR the following description for inter-band CA with SSB-less carriers.
· For inter-band CA with SSB-less carriers, the UE is configured with a primary cell and one or multiple secondary cells that do not transmit SSB. The secondary cells are associated with the primary cell. In particular, the UE may receive or transmit a signal/channel from the secondary cells based on time, frequency and QCL information from the associated primary cell. The technique is applicable to FR1 only.
· Impact study may include 
· reliability of the time/frequency/spatial information from one carrier with SSB to be used for SSB-less carrier
· collocation requirements for secondary cells and associated primary cell,
· band requirements for secondary cells and associated primary cell, 
· requirements on timing difference between secondary cells and associated primary cell

Spatial Domain Techniques
Dynamic gNB Antenna Port Adaptation
For massive MIMO systems, gNB may be equipped with many PAs which may consume 60-70% BS power. A possible approach to reduce BS power is to turn ON/OFF one or multiple PAs adaptively according to the actual traffic condition. For example, all PAs may be active when the cell is in a high load scenario while only a subset of PAs may be active when the cell is in a low load scenario. Dynamically turning the PAs ON/OFF is equivalent to dynamically turning antenna ports ON/OFF which we call dynamic antenna port adaptation in this discussion as illustrated in Figure 11. 
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[bookmark: _Ref110850170]Figure 11: Dynamic antenna port adaptation
It is worth noting that such dynamic antenna port adaptation may be implemented by current NR standards but such implementation is not efficient, e.g.,
· The UE is configured in a BWP with multiple CSI report configs that can have different antenna configs to support dynamic antenna adaptation. The gNB can dynamically select appropriate communication parameters based on multiple CSI reports. However, this implementation leads to less CSI report flexibility in supporting the legacy/normal operation mode since some CSI report configs are consumed for dynamic antenna adaptation. 
· The CSI report configs associated with different antenna configs can be configured across multiple BWPs and dynamic BWP switch can be used to obtain CSI reports for dynamic antenna adaptation. However, NW may switch to BWP suited for antenna adaptation but not good for UE power and the UE may need to perform BWP switch more frequently. Furthermore, this does not work if UE or NW only supports basic BWP operation (i.e., no dynamic BWP switching).
Furthermore, when the antenna ports are reduced, the transmit power for a channel/signal (e.g., CSI-RS) may also change accordingly. A high transmission power variation of a reference signal may have impact on UE implementation e.g., AGC setting. Such impact further limits implementation of the dynamic antenna adaptation by the current standards while making sure minimal impact to the UE performance. To address the shortcomings of the current standards in supporting dynamic antenna port adaptation, it may be beneficial to enhance some physical layer procedures e.g., CSI framework and/or transmit power indication. Performance analysis is provided in [9].
Observation 7: Dynamic antenna port adaptation could help gNB dynamically adapt antenna port configurations for reducing network power consumption.
Observation 8: Dynamic antenna port adaptation could be implemented by the current NR specifications, but such implementation is not efficient.
Observation 9: Some enhancements on physical layer procedures e.g., CSI framework and/or transmit power signaling might be introduced to make dynamic antenna port adaptation more efficient.
Based on the above analysis and observation, we make the following proposal.
Proposal 8: Capture in TR the following description for dynamic gNB antenna port adaptation
· Dynamic gNB antenna port adaptation is a technique that allows the gNB to dynamically turn on/off some chains for transmitting and/or receiving PDSCH and/or PUSCH. The technique is not applicable to broadcast channels/signals (e.g., SSB/SI/paging).
· Reducing the number of antenna ports can provide the network energy savings at the expense of reduction in UPT and coverage. For example, with Set1 FR1 reference configuration, reducing the number of antenna ports from 64 to 32 provides 22% and 21% average network energy savings in low and light load scenarios, respectively. However, the average UPT is reduced by 31% in low load and 30% in light load. Furthermore, the DL SINR at 5 percentile (i.e., cell edge users) is reduced by 4.5dB in low load and 9dB in light load.
· Specification impact may include enhancing physical layer procedures (e.g., CSI framework) to efficiently achieve network energy savings gain with minimal impact to user experience.
Dynamic TRP Adaptation
Similar to dynamic antenna port adaptation, one or all TRPs might be dynamically turned on/off for network energy savings. Dynamically transitioning one of TRP(s) into dormant or off state in mTRP as illustrated in Figure 14 is possible by R16 mTRP. 
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[bookmark: _Ref110850303]Figure 14: Dynamic TRP dormancy
However, some implementation limitations exist. For example, in multi-DCI mTRP, TRP is differentiated by CORESETPoolIndex. Dynamic sTRP/mTRP switching can be achieved by dynamic BWP switching. Some potential issues exist, e.g.,
· Reduce BWP configuration flexibility: the network may need to configure BWPs w/ same BW but different CORESET configurations.
· Require more frequent BWP switch impacting UE power.
· Not possible if network or UE does not support dynamic BWP switching.
· UE group specific indication is not supported.
Observation 10: Dynamic TRP dormancy might be implemented by the current NR specifications, but such implementation is not efficient.
So far, dynamic switching between sTRP and mTRP is by UE-specific signaling. It could also be enhanced to support UE-group specific switching for network energy savings purposes. Performance analysis is provided in [9].
Observation 11: Some TRP dormancy enhancements e.g., UE group specific TRP dormancy indication to make dynamic TRP dormancy more efficient.
Based on the above analysis and observation, we make the following proposal.
Proposal 9: Capture in TR the following description for dynamic TRP adaptation
· Dynamic TRP adaptation is a technique that allows the gNB to dynamically turn on/off one of TRPs.
· For Set 1 FR1 reference configuration, reducing multi-TRP to single TRP can provide 40% average network energy savings with 16% average UPT reduction in low load, and 24% average network energy savings with 22% average UPT reduction in light load. 
· Specification impact may include dynamic TRP indication from gNB to one or a group of UEs.

Power Domain Techniques
Dynamic Downlink Transmission Adaptation
In the current 5G NR standards, gNB determines transmit power for downlink signals/channels and provides a semi-static indication to UEs via SIB1 or RRC. From PA point of view, PA consumes 60-70% base station power [3], and the PA output power depends on a load (as a function of the frequency resource utilization and EPRE power boosting) as defined in [3] and the maximum transmit power. The PA energy consumption depends on PA output power and PA efficiency. Hence, it might be beneficial from PA energy consumption to have PA opportunistically operate at a different output power depending on an actual traffic scenario (e.g., low traffic versus high traffic). To achieve such dynamic PA operation, the EPRE for a channel/signal should be dynamically updated so that the PA output power could be dynamically updated according to traffic condition as illustrated in Figure 16. Performance analysis is provided in [9].
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[bookmark: _Ref110850369]Figure 16: Downlink transmit power adaptation
Observation 12: Dynamic transmit power adaptation could help gNB dynamically adapt PA operation for achieving network energy savings.
Based on the above analysis and observation, we make the following proposal.
Proposal 10: Capture in TR the following description for dynamic downlink transmission power adaptation
· Dynamic downlink transmission power adaptation is a technique that allows the gNB to dynamically adjust the transmit power of one or multiple downlink signals/channels. The technique is not applicable to broadcast channels/signals (e.g., SSB/SI/paging).
· Reducing the DL transmit power level can provide network energy savings. However, it negatively impacts UPT and coverage. For example, with Set 1 FR1 reference configuration, reducing the DL transmit power level from 55dBm to 52dBm provides 9% and 6% average network energy savings in low and light load scenarios, respectively. However, it reduces 10% and 16% average UPT in low and light load scenarios, respectively. Furthermore, the DL SINR at 5 percentile (i.e., cell edge users) is reduced by around 4dB in low load and 2.5dB in light load.
· Specification impact may include enhancing physical layer procedures (e.g., CSI and/or downlink transmission power signalling framework) to efficiently support dynamic downlink transmission power adaptation for network energy savings with minimal impact to user experience.

[bookmark: _Ref110229435]PA Energy Efficiency Enhancement
[bookmark: _Ref47421117][bookmark: _Hlk23927392]Power consumption of base stations and, specifically, power amplifiers (PA, consuming 60-70% of the base station power [3]), constitute significant part of the overall network consumption. 
The power consumption of the PA components is expected to increase as the network moves towards higher carrier frequencies (because of more antenna elements and proportionally poorer PA efficiency at those higher frequencies).

5G uses signals with high PAPR, leading to large back-off required at the PA input which results into relatively poor power efficiency. The techniques in this section are aiming to reduce network power consumption by reducing non-linear impairments in the PA and allowing for a smaller back-off. This results in higher energy efficiency measured in Bits/Joule in several possible manners, in example:
· Improving the TX EVM for the same transmission power: increase TP while maintaining same power consumption.
· Pushing the PA to higher output power while keeping the quality constraint (Tx EVM and received SNR) therefore moving the PA to more efficient operating point: increasing both TP and power consumption
· Lower the PA power supply while maintaining the same quality constraint: reducing power consumption while maintaining TP.
Several techniques aiming at reducing PAPR at the BS and hence improving the PA power efficiency are available; as an example, signal clipping, filtering, selective mapping (SLM), partial transmit sequence, digital predistortion (DPD) techniques, tone reservation have been and are used in BSs. This family of techniques is termed Crest Factor Reduction (CFR) techniques. Among all of these techniques, the ones who are more suitable for 5G NR systems operating at FR 2 are the OTA DPD, Digital Post Distortion (DPoD) and Tone Reservation (TR) techniques. They ae discussed in more detail below. 
As a note here, the discussion in this paragraph targets both FR1 and FR2 with a tendency to FR 2.
At #110 meeting, the following agreement for the network energy savings techniques in power domain was captured. For future meetings:
· Companies are encouraged to review the summary of description of potential techniques of the moderator summary in Section 3 of R1-2208185. It should be noted that the description of the techniques are a draft and additional updates and modification of the description are expected.
· Based on the summary, companies are encouraged to work further to formulate description of potential network energy techniques to be eventually captured into the SI TR.
 
Capturing power domain techniques in R1-2208185:

	· Technique #D-1: Adaptation of transmission power of signals and channels
· Network energy savings could be potentially obtained by reducing the transmission power or PSD of various signals and channels, e.g SSB, CSI-RS, PDSCH, during specific scenarios or situations. 
· Support  of signaling of modified power ratio between CSI-RS and PDSCH/SSB or between SSB and CSI-RS are expected to provide adaptation of flexible power ratio values and potentially reduce overhead, e.g. by utilizing group-level or cell common signaling.
· This may include enhancements on CSI-RS based measurements, such as beam management, beam failure recovery, radio link monitoring, cell (re)selection and handover procedure
· The transmission bandwidth may be adapted jointly with transmission power to keep the similar reception performance.
· Network energy savings could be potentially obtained by transmission power adaptation with UE feedback information, e.g, CSI reporting, power adjustment indication, etc.
· Dynamic adaptation of power offset(s) between PDSCH and CSI-RS.
· The linear reduction of PAE (power added efficiency) when Tx power reduction should be included in the scaling of the power model.  
· Technique #D-2: enhancements to [gNB digital pre-distortion] and UE post-distortion
· Transmission energy efficiency at the network can be potentially improved with use of [enhanced over the air digital pre-distortion at the gNB and/or] post-distortion at the UE. 
· Whether and how much improvement of the PAE (power-added efficiency) should be disclosed.
· In gNB digital pre-distortion over the air, the UEs assist the gNB in reducing nonlinear impairments introduced by the PA, by processing (e.g., calculation of the cross correlation of received signal after applying non-linear kernels) and reporting the information needed for gNB digital pre-distortion, on training signals
· In UE post-distortion, the gNB assist the UE in reducing nonlinear impairments introduced by its PA (e.g., non-linear equalization stage that will “invert” the non-linearity), by sending RS signal at low periodically or some signaling to the UE.
· Technique #D-3: adaptation of transceiver processing algorithm
· Transmission energy efficiency at the network can be potentially improved with use of techniques such as channel aware tone reservation that decrease PAPR.
· The UE must be notified of the sub-carriers carrying the TR signal, as using existing patterns (e.g., CSI-RS) is not practical
· gNB may opt to use different transceiver processing algorithms, e.g. different receive filtering, different transmitter digital pre-distortion methods, etc,, including some that may favor lower power consumption at the expense of degraded system performance. For example, disabling use of DPD that would potentially increase out of band emissions or tx EVM, but would potentially conserve transmitter power consumption. Different transceiver processing algorithms at the gNB should be transparent to the UE.
· Power model for the scaling of different transceiver processing algorithm should be provided with justification.
· Technique #D-4: PA Input Power Bias ("input backoff”) Adaptation 
· Technique(s) allowing to modify/reduce the input power bias (“input power backoff”) in cases of no or very low load in the cell and in neighbor cells. 
· The PA energy consumption consists around ~70 % of the energy consumed at the BS. 
· The majority of this energy consumed at the PA is due to the input power bias (“backoff”).
· In some cases, especially when the cell and neighbor cells are almost empty, reducing this input power bias (“backoff”) results in significantly lower energy consumption. 
· This input power bias adaptation results in lower output PAPR, which is translated into some in band and out of band emissions being generated. 
· With appropriate signal processing techniques, it is possible to “steer” the unwanted emissions either to the in-band signal or out-of-band. 
· With suitable base station coordination and by steering the unwanted emissions onto carrier frequencies in which their impact can be traced, it is possible to avoid any eventual impact onto UEs in the cell or in neighbor cells. 
· In general, this technique is activated only in case of zero or very low load in the cells; hence, the expectation is that no UEs will be affected by the generated in-band or out-of-band emissions.
· The effect of PAE to the scheme should be disclosed.



OTA DPD
Digital Pre-Distortion (DPD) is a widely used method, where an internal RF loopback is used to feedback the PA output signal after learning its non-linearity model. The model is then used for pre distorting the signal in order to compensate for the PA non-linearities. DPD enables activating the PA closer to its saturation point while maintaining good linearity. This significantly increases the PA’s Power efficiency, hence contributing to power savings of the gNB.

DPD for NR with the introduction of multiple antennas design, has unique attributes making DPD training at Tx side challenging, such as beamforming (require linearizing multiple PAs with single DPD), mutual coupling between PAs in same layer and across layers and wide bandwidth with limited oversampling.

One method to overcome these challenges, is to have UEs feedback DPD information based on their received signals:
· Selected UEs at the beams of interest for which DPD calculation is required will be configured to measure training signals.
· The UEs will measure the training signals and process the information needed for gNB digital pre-distortion.
· The UEs will report the required information over a feedback channel. 
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[bookmark: _Ref102117232]Figure 19: DPD Model
Over the air DPD (OTA-DPD) training is demonstrated in Figure 19, under the following conditions:
· 64 PA elements device
· FR2, 120KHz SCS
· BW = 100MHz
· Crest Factor reduction is used and optimized per PA compression point for maximal EVM gain
EVM improvement per compression point (highest PA efficiency) is demonstrated in Figure 20.

[image: ]
[bookmark: _Ref102117317]Figure 20: EVM Reduction Through DPD
Observation 13: OTA DPD increases the EVM at the transmitter by 2.5dB to 6dB based on the PA transmission power, increasing bits/Joule (one of the KPIs reducing network power consumption as explained at the beginning of this section).

Proposal 11: Study the over the air training digital pre distortions method (OTA DPD) for DPD at the gNB’s transmission chain. 
DPoD
While DPD is done at the transmitter, Digital Post distortion (DPoD) which is non-linear processing on the receiver side can also mitigate the transmitter PA nonlinearity. 
DPoD would allow the transmitter to work at its nonlinear regime, improves rate-over-range and energy efficiency.
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Figure 21: DPoD Model and outcome
DPoD can be used on the UE’s receiver to increase the gNB’s power efficiency and thus improve gNB energy efficiency or it can be used on the gNB’s receiver (thus allowing improvement in the UE’s power efficiency). The DPoD method can be combined with DPD (or OTA-DPD), where DPD can be optimized to reduce the out-of-band emissions while the DPoD takes care of the in-band distortion. This would contribute also to scenarios and conditions where the performance improvement is capped by strict OOBE requirements. DPoD rate over range improvement is demonstrated on the following simulation. 
· FR2, 120KHz SCS
· BW = 100MHz
· Optimized MCS selection and PA compression point for each SNR (path loss) for TP  
· PA model based on Qualcomm PA with 64 antenna elements
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Solid lines – throughput (left axis)
Dashed lines – optimal selected MCS (right axis)

Figure 22: EVM, Throughput and MCS Selection for DPoD

Observation 14: DPoD increases the EVM at the transmitter by between 3dB and 8dB based on the PA transmission power and received SNR, increasing bits/Joule (one of the KPIs reducing network power consumption as explained at the beginning of this section).
Observation 15: DPoD increases the throughput between 10% and 25% in most received SNRs (using higher MCSs). This throughput increase is reflected in higher bits/Joule (one of the KPIs reducing network power consumption).

Proposal 12: Study DPoD (Digital post distortion) for increasing efficiency at the gNB’s transmitter.

Tone Reservation
Tone reservation (TR) technique uses a subset of allocated sub-carriers to reduce the PAPR of a transmitted waveform. There is no overlap between the subcarriers used for the TR signal and the subcarriers used for the data.  
The TR signal is a compensating waveform for the data waveform, and when added to the raw waveform, results in a lower-PAPR waveform. This compensating waveform is constructed considering both the data waveform (by identifying peaks to cancel in the original waveform in the time domain) and the selected subcarriers.
The TR signal can be discarded at the receiver’s side and the receiver can process only the data sub-carriers containing the data. This simplifies the receiver as it does not require more than the already supported rate matching capability.
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Figure 23: Adding TR signal to the data signal

The sub-carriers selected to carry the TR signal can either be fixed allocations, or exploiting channel nulls (e.g., measuring channel power) for better performance. Channel aware TR technique provides in our simulations up to 3dB gain (~2dB average), and TR with pre-selected subcarriers provides up to 1.5dB gain (~1dB average) e.g., TR gain demonstrated on the following simulation with the following conditions:
· FR2, 100MHz CBW, 120KHz SCS
· Channel: CDL-B, 256x4 per polarization
· Modulation/#layers: up to 64QAM, 1-2 layers
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Figure 24: Channel Aware Tone reservation – SINR gains

Observation 16: Channel aware TR technique provides gain between 1dB and 3dB over no TR waveform in SNRs between -5 and 25 dBs, varying on the received SNR.
Analyzing usage of existing mapping rules to prevent using the subcarriers selected for TR signal
The receiver needs to be aware of the sub-carriers carrying the TR signal, for correct decoding of the data signal. Even in perfect reciprocity, the receiver may not rely solely on own estimation of channel nulls to assume the subcarriers selection for TR signal.

It could be assumed that the majority of the TR subcarriers are in consecutive location due to the existing channel coherence bandwidth (derived from the channel delay spread), however PRB granularity cannot be guaranteed, nor the number of such groups.

Relying on the MAC scheduler to prevent scheduling on certain PRBs is not practical. Using RA type 0 provides RBG granularity which is as high as 16 PRBs and as low as 2 PRBs according to Table 5.1.2.2.1-1 in 38.214 [7] (e.g., RBG size for FR2 100 MHz channel@120KHz is 4 or 8 PRBs). Using RA type 1 may impose scheduling restrictions on the scheduler and on the TBS as PDSCH (contiguous) allocations must fit in between TR signals.
Even 1 PRB granularity may be wasteful, as low subcarrier utilizations for TR signal is enough to provide gain without affecting TBS and code rate.

Existing CSI-RS based rate matching patterns are not practical as they lack the time domain attribute (scheduled throughout the symbols of the slot) and would consume many patterns whereas UEs are limited in capability to certain number of patterns (e.g., 6/10 patterns/slot for FR2).

Proposal 13: study Channel Aware Tone Reservation technique that allows reduction of PAPR of the DL, using dynamic selection of subcarriers and method to notify the UEs.

PA Backoff Relaxation in Low Load Scenarios
As also mentioned in 5.2, 60-70% of the base station power is consumed by the PA ([3]). The main source of power consumption in the PA is the power backoff – or power supply - applied. Namely, for some BS PA architectures, reducing the PA supply by 3 dB, which implies that in some cases the PA consumption also is reducing by 3dB, the ACLR is also reducing by approximately 10 dB, which means than 10 dB higher interference is generated in adjacent bands. In some other cases, reducing the PA supply voltage might not result in lower PA power consumption, but it might result in higher PA efficiency, since the PAPR is reducing. This PA operation with higher efficiency implies that the BS PA can transmit higher data rates with the same consumed PA power. Or, alternatively, with reduced PAPR, the PA can transmit the same high data rates with lower input power. In any, case the power efficiency is increased. Figure 25 shows the basic parameters affecting PA operation and the involved trade-offs.


[bookmark: _Ref111201813]Figure 25: Power Amplifier Basics

In certain very low loaded scenarios, e.g., in the middle of night in office environments, or in rural areas with very low population density, such as deserts, power backoff of the PA can be reduced, resulting in lower BS PA power consumption. The higher interference generated might not affect hardly any UEs, in very low load scenarios. Relaxing the PA backoff value makes the PA operate in the “non-linear” operation region, resulting thus in ([4])
i) Out-of-band (OOB) adjacent channel leakage (ACL) and
ii) operating band unwanted emissions (OBUE).
The consequence from higher OOB ACL is that UEs operating in neighbor cells in adjacent bands might see stronger interference after the PA backoff relaxation. The consequence of the OBUE is that UEs operating in the same frequency band, but in neighbor PRBs might see interference as well.
In FR2 with narrower beams formed, spilling some OOB interference in adjacent bands is not statistically affecting any UEs in a very low loaded scenario. Therefore, the ACL ratio (ACLR) at FR 2 can be lower without affecting any UEs in these low loaded scenarios. Namely, consider the base station ACLR of 45 dB at FR 1, i.e., the signal in adjacent frequency band should be at maximum 45 dB lower than the signal strength in the operating band, as specified in Table 6.6.3.2-1 of 38.104 [4] and equal to 28 or 26 dB at FR 2 according to the Table 9.7.3.3-1 of 38.104 [4]. If for low loaded scenarios, especially at FR 2, the ACLR can be e.g. 15 dB, i.e. 11 or 13 dB lower than the one specified in Table 9.7.3.3-1 of 38.104 [4], without affecting any UE, then, the PA backoff can be relaxed by few dB, e.g. by 3 dB, in a given PA with the characteristics described above. This 3dB reduction in PA power supply is translated in BS PA power consumption being reduced by ~3 dB, which in most of cases results in a reduction of around 2 dB in the BS power consumption. The ACLR hence in FR1 and FR 2 could follow the pattern of Figure 26.



[bookmark: _Ref110235492]Figure 26: ACLR for BSs operating in FR 1 and FR 2

Such a scheme could operate easier at FR 2 (than in FR 1, due to narrower beams) in low loaded scenarios and when the system gets more loaded, e.g., in busy hours during the day, then, the BS can apply its normal backoff value, so as not to affect UEs in adjacent bands.
Relaxing the BS PA backoff value at one gNB might affect UEs operating at adjacent frequencies at the neighbor gNBs. The neighbor gNBs operating at adjacent bands might belong either to the same operator or to other operators. In case neighbor gNBs belong to different operators, in most of the cases there is no connection between gNBs and there is no way of gNB coordination, unless if the operators share the same RAN infrastructure. There might be cases in which gNBs of the same operator are at adjacent frequencies and the ACLR described in 38.104 apply. 
A more relevant scenario for an operator is when the PA backoff adaptation results in OBUE. This can be achieved by appropriate digital signal processing techniques. Such techniques allow to minimize the impact onto other bands which are controlled by other operators and direct the generated interference in the same operator’s spectrum. In this case, the operator can assess the impact from the backoff adaptation of a given gNB to its neighbors. One way to assess the impact of the gNB BS PA power back-off adaptation is that UEs in neighbor cells and in adjacent bands measure DL interference. The UEs can report any eventual increase in the measured DL interference and the BS having perform the PA backoff adaptation can return back to its normal operation mode. 
For this purpose, BS coordination e.g., via XnAP is required. An example of such coordination can be seen in  Figure 27. gNB 1 adapts its PA backoff and directs the generated in-band interference onto certain subbands, fsbs. gNB 1 informs accordingly its neighbor gNBs, e.g. gNB 2 Figure 27. Neighbor gNBs ask UEs in their cells to measure DL interference on the indicated by gNB 1 subbands, fsbs. In case increase in DL interference is measured and reported by UEs in neighbor cells, then, neighbor gNBs inform gNB 1 to go back to normal PA backoff levels. 


[bookmark: _Ref110236145]Figure 27: BS Coordination for assessing impact of BS PA backoff adaptation.

Similar to the ACLR principle, there are requirements for the Operating Band Unwanted Emissions (OBUE). In [4], the requirements in terms of OBUE limits are described and the exact values are listed in tables, as an example, Table 9.7.4.3.2-1 of 38.104 [4] therein gives the limits for carrier frequencies of 24.25 to 33.4 GHz (FR2). The BS PA backoff adaptation has an impact on BS PAPR of the signal at the input of the BS PA; this in turn affects both EVM of the required signal and unwanted in-band and out-of-band emissions. By appropriate digital signal processing at the BS and by tuning the PA backoff value, PA backoff relaxation can affect either the EVM of the transmitted signal, or the out of band ACI. The interference generated can be directed to certain PRBs of the operating band, or the interference can be directed to out of band (OOB) signals. A tradeoff between in-band EVM and OOB ACL needs to be considered during this digital signal processing at the BS and backoff adaptation. There are techniques allowing the BS PA to favor one measured entity over the other, e.g. OBUE over ACLR and vice versa. Some fine tuning based on the feedback received by affected UEs in the same and neighbor cells will be necessary. In addition, to the existing requirements for ACLR and OBUE, there is the requirement of the occupied bandwidth, which imposes that 99% of the emitted signal is restricted within the upper and lower frequency limits of the occupied frequency band [4]. This implies that OBUE consideration is of higher priority. 

Therefore, the following proposal is made:

Proposal 14: Capture in TR the following description for gNB power amplifier mechanism to reduce gNB energy consumption:
· Power amplifier (PA) backoff reduction (“relaxation) in empty to low loaded scenarios. 
· RAN 1 to study the following:
· Network energy savings obtained by gNB PA backoff adaptation.
· Impact of gNB PA backoff adaptation onto system performance

Conclusion 
This contribution discusses a number of network energy savings mechanisms. In particular, the following observations and proposals are made:
Observation 1: Network energy consumption in this scenario of “gNB in idle mode”, i.e., case of no or few PDSCH, PUSCH, CSI/RS, SRS transmissions, is mainly dependent on SSB transmission and associated downlink and uplink procedures for initial access and system information transmission.
Observation 2: Coordination of UE C-DRX configurations across multiple UEs may facilitate BS DTX/DRX implementation for network energy savings.
Observation 3: Cell wake-up mechanism could enable BS flexibly provision downlink channel transmission (e.g., broadcast channel) and uplink channel reception (e.g., RO, SR, and configured grant) to achieve network energy savings. 
Observation 4: Cell wake-up mechanism might be applicable to a cell without any connected mode UE (empty scenario) and with some connected mode UEs (low load scenario).
Observation 5: SSB/SI can be transmitted at a long periodicity in Scell to reduce broadcast overhead and network power consumption.
Observation 6: A long SSB/SI periodicity together with R17 temporary RS should already provide reasonably low Scell activation latency.

Observation 7: Dynamic antenna port adaptation could help gNB dynamically adapt antenna port configurations for reducing network power consumption.
Observation 8: Dynamic antenna port adaptation could be implemented by the current NR specifications, but such implementation is not efficient.
Observation 9: Some enhancements on physical layer procedures e.g., CSI framework and/or transmit power signaling might be introduced to make dynamic antenna port adaptation more efficient.
Observation 10: Dynamic TRP dormancy might be implemented by the current NR specifications, but such implementation is not efficient.
Observation 11: Some TRP dormancy enhancements e.g., UE group specific TRP dormancy indication to make dynamic TRP dormancy more efficient.
Observation 12: Dynamic transmit power adaptation could help gNB dynamically adapt PA operation for achieving network energy savings.
Observation 13: OTA DPD increases the EVM at the transmitter by 2.5dB to 6dB based on the PA transmission power, increasing bits/Joule (one of the KPIs reducing network power consumption as explained at the beginning of this section).
Observation 14: DPoD increases the EVM at the transmitter by between 3dB and 8dB based on the PA transmission power and received SNR, increasing bits/Joule (one of the KPIs reducing network power consumption as explained at the beginning of this section).
Observation 15: DPoD increases the throughput between 10% and 25% in most received SNRs (using higher MCSs). This throughput increase is reflected in higher bits/Joule (one of the KPIs reducing network power consumption).
Observation 16: Channel aware TR technique provides gain between 1dB and 3dB over no TR waveform in SNRs between -5 and 25 dBs, varying on the received SNR.

Proposal 1: Capture in TR the following description with regards to the reduction/adaptation of transmission/reception of common channels/signals:
RAN 1 to focus the work on network energy saving mechanisms for Rel. 17 SSB beam sweeping on the “gNB in idle mode” scenario, i.e., scenario of very low load and in which the gNB activity is largely due to SSB transmission and RACH reception. SSB beam sweeping and associated signaling, e.g., paging, RACH reception is the highest energy contributor in the case of very low load in the cell.
Proposal 2: Capture in TR the following description with regards to the reduction/adaptation of transmission of common channels/signals includes:
· Introducing simplified “light” version of downlink common and broadcast signals, such as SSB:
· With the term “light SSB” what is meant is either PSS only or PSS and SSS.
· SSB/”light SSB”, RMSI or paging as well as uplink random access opportunities can be skipped in time and/or spatial domain.
· on-demand SSBs/SIB1 transmissions or SSB/SIB1-less operations may also enable long periods of inactivity at the gNB.
· This may include UL channels and associated mechanism for UE to trigger on-demand SSB/SIB1 transmission for fast access/fast cell activation
· This is mainly useful for BS idle/inactive mode, e.g. for temporary cell switching off without DL data transmission, or in the case in which the BS is actively transmitting common broadcast signals but there is no DL data transmission.
Proposal 3: Capture in TR the following description for semi-static and/or dynamic cell on/off:

DTX/DRX cycle configuration/pattern at the BS, which can be potentially aligned with the DRX cycle configured for UEs in connected mode or idle mode can potentially provide longer inactivity periods at the gNB.
· This may include potential enhancements to UE behavior when both cell-specific DTX/DRX cycle and UE DRX cycle are configured.
· An alternative BS DTX with UE C-DRX alignment would be the use of DTX/DRX patterns that are defined by the BS. The mechanism of BS DTX in this case is identical to the one just described: the BS pauses DL transmission during DTX period. The difference with the DTX mechanism aligned with the UE DRX cycle is that this proposed mechanism here is that the BS DTX Pattern is initiated by the BS, without the BS necessarily considering the UE C-DRX patterns. 
· The techniques/approaches of DTX/DRX alignment can be complementary to each other.
This may include group level indication for, such as UE-group signaling or cell-specific signaling.

Proposal 4: Capture in TR the following description for dynamic C-DRX configuration adaptation 
· A UE may be configured with a C-DRX configuration for network energy savings in addition to a legacy C-DRX configuration. The C-DRX configuration for network energy savings can be common to a group of UEs. The UE may receive L1/L2 signalling to switch between the configured C-DRX configurations.
· Specification impact at least includes L1/L2 signaling to switch between the configured C-DRX configurations (e.g., C-DRX periodicity and/or inactivity timer).
Proposal 5: Capture in TR the following description for cell wake-up procedure 
· Cell wake-up procedure is a procedure in which a UE may send a cell wake-up request to help gNB transition from a sleep state to an active state. Furthermore, based on the received request, gNB may broadcast its active time to one or a group of UEs.
· Specification impact may include cell wake-up request from UE, UE behaviour when base station is in sleep state, and indication of gNB active time.
Proposal 6: Capture in TR the following description for dynamic UE group specific Pcell switching.
· In CA operation, the UE is configured with a set of secondary cells in addition to a primary cell. To reduce network power consumption, some secondary cells may be dynamically deactivated or put in a dormant state while a common primary cell may be dynamically configured for a group of connected mode UEs especially when the system load is not high. 
· Scell deactivation/dormancy can provide network energy savings. However, it negatively impacts UPT and coverage. For example, with Set 1 FR1 reference configuration and CA with 2 CCs, Scell deactivation shows 33% average network energy savings when 20 UEs are assumed in a cell. However, it shows 64Mbps for 25 UEs per cell (61% RU) and 210Mbps for 20Ues per cell (39% RU).
· Specification impact may include dynamic indication of primary cell switch to a group of UEs.

Proposal 7: Capture in TR the following description for inter-band CA with SSB-less carriers.
· For inter-band CA with SSB-less carriers, the UE is configured with a primary cell and one or multiple secondary cells that do not transmit SSB. The secondary cells are associated with the primary cell. In particular, the UE may receive or transmit a signal/channel from the secondary cells based on time, frequency and QCL information from the associated primary cell. The technique is applicable to FR1 only.
· Impact study may include 
· reliability of the time/frequency/spatial information from one carrier with SSB to be used for SSB-less carrier
· collocation requirements for secondary cells and associated primary cell,
· band requirements for secondary cells and associated primary cell, 
· requirements on timing difference between secondary cells and associated primary cell,
Proposal 8: Capture in TR the following description for dynamic gNB antenna port adaptation
· Dynamic gNB antenna port adaptation is a technique that allows the gNB to dynamically turn on/off some chains for transmitting and/or receiving PDSCH and/or PUSCH. The technique is not applicable to broadcast channels/signals (e.g., SSB/SI/paging).
· Reducing the number of antenna ports can provide the network energy savings at the expense of reduction in UPT and coverage. For example, with Set1 FR1 reference configuration, reducing the number of antenna ports from 64 to 32 provides 22% and 21% average network energy savings in low and light load scenarios, respectively. However, the average UPT is reduced by 31% in low load and 30% in light load. Furthermore, the DL SINR at 5 percentile (i.e., cell edge users) is reduced by 4.5dB in low load and 9dB in light load.
· Specification impact may include enhancing physical layer procedures (e.g., CSI framework) to efficiently achieve network energy savings gain with minimal impact to user experience.
Proposal 9: Capture in TR the following description for dynamic TRP adaptation
· Dynamic TRP adaptation is a technique that allows the gNB to dynamically turn on/off one of TRPs.
· For Set 1 FR1 reference configuration, reducing multi-TRP to single TRP can provide 40% average network energy savings with 16% average UPT reduction in low load, and 24% average network energy savings with 22% average UPT reduction in light load. 
· Specification impact may include dynamic TRP indication from gNB to one or a group of UEs.
Proposal 10: Capture in TR the following description for dynamic downlink transmission power adaptation
· Dynamic downlink transmission power adaptation is a technique that allows the gNB to dynamically adjust the transmit power of one or multiple downlink signals/channels. The technique is not applicable to broadcast channels/signals (e.g., SSB/SI/paging).
· Reducing the DL transmit power level can provide network energy savings. However, it negatively impacts UPT and coverage. For example, with Set 1 FR1 reference configuration, reducing the DL transmit power level from 55dBm to 52dBm provides 9% and 6% average network energy savings in low and light load scenarios, respectively. However, it reduces 10% and 16% average UPT in low and light load scenarios, respectively. Furthermore, the DL SINR at 5 percentile (i.e., cell edge users) is reduced by around 4dB in low load and 2.5dB in light load.
· Specification impact may include enhancing physical layer procedures (e.g., CSI and/or downlink transmission power signalling framework) to efficiently support dynamic downlink transmission power adaptation for network energy savings with minimal impact to user experience.

Proposal 11: Study the over the air training digital pre distortions method (OTA DPD) for DPD at the gNB’s transmission chain. 
Proposal 12: Study DPoD (Digital post distortion) for increasing efficiency at the gNB’s transmitter.
Proposal 13: study Channel Aware Tone Reservation technique that allows reduction of PAPR of the DL, using dynamic selection of subcarriers and method to notify the UEs.
Proposal 14: Capture in TR the following description for gNB power amplifier mechanism to reduce gNB energy consumption:
· Power amplifier (PA) backoff reduction (“relaxation) in empty to low loaded scenarios. 
· RAN 1 to study the following:
· Network energy savings obtained by gNB PA backoff adaptation.
Impact of gNB PA backoff adaptation onto system performance.
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 Case 2: the same data rate can be transmitted with lower input power







image1.png

Output back-off

_________

out, max

P

out, avg

‘ in, avg
‘== Input Power













image21.emf
-2500-2000-1500-1000 -500 0 500 1000 1500 2000 2500

k

-70

-60

-50

-40

-30

-20

-10

0

10

P

S

D

(

d

B

)

FR2 

FR1 

~30dB


Microsoft_PowerPoint_Macro-Enabled_Slide5.sldm










































































































































































-2500

-2000

-1500

-1000

-500

0

500

1000

1500

2000

2500

k









































-70

-60

-50

-40

-30

-20

-10

0

10

P

S

D

(

d

B

)







FR2 



FR1 



















~30dB












image22.emf
UE 1

gNB 1

gNB 2

UE 2

Step 0: PA backoff adaptation

and operating band unwanted emissions

(OBUE) to subbands, f

sbs

Step 1: DL Interference Measurement on

subbands outside f

sbs

Step 2: 

DL Interference Reporting

Step 3: Feedback on DL Interference in subbands f

sbs

Step 4: 

BO adaptation

Step 0: operating band unwanted emissions (OBUE) to subbands, 

f

sbs


Microsoft_PowerPoint_Macro-Enabled_Slide6.sldm










UE 1 

gNB 1 



gNB 2 





UE 2

Step 0: PA backoff adaptation

and operating band unwanted emissions

(OBUE) to subbands, fsbs

Step 1: DL Interference Measurement on

subbands outside fsbs 

Step 2: 

DL Interference Reporting



Step 3: Feedback on DL Interference in subbands fsbs

Step 4: 

BO adaptation





Step 0: operating band unwanted emissions (OBUE) to subbands, fsbs





image1.png







image2.svg

        











