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Introduction
In this contribution, we provide evaluation for some enhancement techniques which are described in [1].
Time Domain Techniques
Technique #A-1 Adaptation of Common Signals and Channels
The NW energy saving gain for two techniques is shown. Both techniques adapt transmission of downlink common signals and channels and adapt availability of uplink random access opportunities. In the first technique, the periodicity of common control signals is doubled without changing the legacy pattern. This technique is named “Baseline (40 msec)” in Figure 2 and Figure 3. The timeline for this technique can be seen in Figure 1; it is the left figure. The second technique is altering the legacy patterns without changing the periodicity, i.e., the reference periodicity of 20 msec is considered for SSB here as well. Any time-gap between downlink common signals transmission between different beams is removed. Similarly, any time-gap between availability of uplink random access opportunity when sweeping across beams is also removed. The second technique is named “Compact SSB” in Figure 2 and Figure 3. The timeline for this second technique can be seen in Figure 1; it is the right figure.
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[bookmark: _Ref118642672]Figure 1: Timeline for baseline (40 msec) operation (left figure) and for compact SSB (right figure).
Figure 2 shows the NW energy saving gain is obtained from the two techniques. With larger SSB periodicity of 40 ms, the gain is approximately 14%. This gain is the result of more opportunities for light sleep. The compact pattern with fixed periodicity of 20 msec leads to approximately 10% NW energy saving gain. This amount of gain basically comes from longer opportunities of light sleep for gNB, i.e., with compact pattern gNB has more time to remain in light sleep compared the baseline scheme.
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[bookmark: _Ref118587749]Figure 2: Network energy savings due to larger SSB periodicity (40 ms) and due to compact SSB, compared to the baseline case of 20 ms SSB periodicity.
Figure 3 shows how each scheme affects UE energy consumption – in addition to the network energy savings. The values in Figure 3 are normalized values with respect to the baseline (reference case of SSB period equal to 20 ms). Considering the UE power model in TR 38.840, the baseline pattern with larger SSB periodicity (of 40msec) results in 14% in NW energy savings, but UEs have to consumes almost as double energy as in the baseline case (of SSB with period equal to 20 ms) in order to access the NW. This increase in UE energy consumption is due to that fact that the UE has to search for SSB for the double amount of time as the UE would have searched in the baseline (reference) case of SSB transmission with the period of 20 ms, if the UE is not informed about the SSB period, e.g., a Rel. 18 UE in idle/inactive mode that just camps in the cell after cell reselection. The UE needs to read the SI again. In addition, there is a need to consider the delays involved with the modification of SI in such techniques. On the other hand, compact SSB achieves 10% NW energy saving , as also seen in Figure 2 and it also provides ~4% UE energy saving gain. The reason that UE consumes ~4% less energy is that due to reduced gap between SSB/SIB1 burst and RACH occasion, the overall latency (and hence energy consumption) of the access procedure is reduced.
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[bookmark: _Ref118587755]Figure 3: UE and network energy consumptions for various schemes, i.e.,  larger SSB periodicity (40 ms) and compact SSB, compared to the baseline case of 20 ms SSB periodicity. 
Observation 1: Larger SSB periodicity equal to 40msec and compact SSB can achieve 14% and 10% NW energy saving gain respectively. However, the case of larger SSB periodicity (40 msec) doubles the UE energy consumption. In the contrary, compact SSB results into lower UE energy consumption.
Technique #A-3 Wake up of gNB triggered by UE wake up signal (WUS)
The NW energy savings for On-demand SSB/SIB1 transmission scheme are evaluated. With on-demand SSB/SIB1, a common reference signal - named light SSB - is beam swept. This light SSB contains PSS only and its use is to help the UE to get synchronized and to be able to transmit an uplink trigger signal. gNB listens for an UL signal named UL Wake-Up-Signal (WUS), or cell WUS. If a UE in connected mode is entering the cell, or an idle/inactive UE wants to access this cell, sends this UL WUS on a beam corresponding to the beam the UE detected light SSB. Then, if gNB detects UL WUS, the gNB sends SSB and SIB1 to the UE. Then, gNB listens for PRACH in that same SSB period and for some SSB periods later. For how many SSB periods, the NW has to send SSB/SIB1 and listen to PRACH after receiving UL WUS is something to further investigate. Figure 4 shows the timeline of the combined operation of “light-SSB” together with UL WUS and with “on-demand” SSB/SIB1 transmission.
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[bookmark: _Ref118591838]Figure 4: Timeline of combined operation of i) “light SSB” transmission and ii) UL WUS.
To numerically evaluate the performance of this technique, random arrival of UEs with three different average arrival rates, 1, 2, and 4 UEs per SSB period of 20 ms are considered. The arrival of UEs is according to the Poisson process.  Figure 5 shows the network energy savings with different UE arrival rates per SSB period for the combined case of “light SSB” and UL WUS. In the simulation, there is no PDSCH or PUSCH traffic. In Figure 5, the labels “On-demand (1 UE)”, “On-demand (2 UE)” and “On-demand (4 UE)” correspond to the different UE arrival rate of 1, 2, and 4 UEs per SSB period of 20 ms. The network energy savings obtained is up to 20% and a single UE addition per SSB period consumes approximately 3% more energy compared to the case of a single UE arrival per SSB period. This additional energy consumption is due to the network i) having to process more UL WUS signals and ii) due to the network having to transmit SSB/SIB 1 in more directions/beams (the energy consumed due to more processing is negligible in this case due to low payload of UL WUS). This extra energy results in ~1.5 % reduction in the network energy savings when 1 more UE appears in the system.
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[bookmark: _Ref118619686]Figure 5. Network energy savings due to on-demand SSB/SIB1 for various average UE arrival rates and compared to the baseline case of 20 ms always-ON SSB periodicity.
Observation 2: The combination of “light SSB” together with UL WUS achieves up to around 20% NW energy saving gain. The NW energy gain also depends on arrival rate of UEs to system.
Technique #A-6 Adaptation of SSB/SIB1
RAN1#110b made agreements on On-demand SSB/SIB1 in Technique #A-6. In [1], we have proposed that Technique #A-6 description is for on-demand SSB/SIB1 in single carrier only. In this section, we discuss our evaluation on the potential NW energy saving gain for on-demand SIB1 for Set 1 FR1.
	· Technique #A-6 Adaptation of SSB/SIB1
· On-demand SSBs/SIB1 transmissions may also enable long periods of inactivity at the gNB to achieve gNB energy saving. 
· SSB/SIB1 transmission on the serving cell can be triggered by on-demand SSB/SIB1 request.
· The UE may obtain system information from other carriers/cells for such carrier/cell(s) and synchronize either from other carriers/cells or from a simplified signals transmitted on the same carrier.
· Background:
· Current specification supports SSB/SIB1-less operation for intra-band CA, where UE retrieves system information and synchronization from another intra-band cell with SSB and SIB1.
· Potential impact to other WGS
· RAN2:
· The event trigger and higher-layer UE procedure of on-demand SSBs/SIB1
· Handling of transmissions of SIB1 if SIB1 transmission cycle is changed.
· System information enhancement to provide other carriers’ information and carrier selection principles for UE.
· For on-demand SSB/SIB, the introduction of uplink trigger signal may impact the procedure in which UE access the cell with on-demand SSB/SIB.
· For SIB-less carrier/cell, SIB1 enhanced to carry necessary SIB information for other cell, UE cell (re)selection procedures, and SSB/SI acquisition from an anchor cell.
· RAN3:
· RAN4:
· FFS



Here we assumed that SSB is always transmitted but SIB1 is only transmitted when it is triggered by a UE transmitting C-WUS as shown in Figure 6. NW energy saving gain is given in Figure 8, where the gain is calculated by comparing NW energy for always-on SIB1 and on-demand SIB1 (based on various SIB1 transmission rates) and corresponding evaluation assumption is given in 
Figure 8. NW energy consumption breakout for 2/8-beam scenarios
Table 1. Based on the results, on-demand SIB1 provides NW energy saving gain by less than 10% for 1-beam scenario and gain gets larger if SIB1 transmission rate decreases. The NW energy saving gain is even larger for scenarios of larger number of beams (more than 30% for 8 beams). Figure 8 is showing the NW energy consumption breakouts for 2-beam and 8-beam scenarios, where the energy consumption is mainly from the reduction of SIB1 transmission.
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[bookmark: _Ref118643909]Figure 6. Illustration of on-demand SIB1.

Figure 7. NW energy saving gain for on-demand SIB 1.
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[bookmark: _Ref118644502]Figure 8. NW energy consumption breakout for 2/8-beam scenarios
Table 1: Evaluation assumption
	Evaluation assumption

	SSB periodicity
	20ms

	SIB1 periodicity 
	Same as SSB

	C-WUS/RO periodicity
	Same as SSB

	SIB1 power
	1 slot with 20MHz

	Number of beams
	1 and 8 (TDM for SSB/SIB1, CDM for C-WUS/PRACH)

	NW energy calculation
	NW energy consists of transmission of SSB/SIB1, reception of C-WUS/PRACH, and sleep state only.



Observation 3: On-demand SIB1 can introduce NW energy saving gain by about 20% and 35% for 2-beam and 8-beam scenarios, respectively with Set 1 FR1.

Frequency Domain Techniques
Technique #B-1: Multi-carrier energy savings enhancements
This section provides some performance evaluation which brings motivations for the dynamic Pcell switching that is part of Technique #B-1 and discussed in companion contribution [1]. 
	· Technique #B-1: Multi-carrier energy savings enhancements
· Background: 
· Intra-band SSB-less Scell operation has already been supported by the current specification
· For supporting of Inter-band SSB-less Scell operation, in case of the cross-carrier synchronization and/or measurement via another serving cell, procedures similar to legacy Intra-band SSB-less Scell operation may be investigated.
· Inter-band CA with SSB-less carriers/Scell 
· No SSB transmission in some inter-band SCell. The sync is acquired from other cell with SSB transmission or same cell with simplified signal transmission, also in order for fast activation and deactivation of SCell.
· Enabling of Inter-band SSB-less Scell operation that may include mechanism for UE to trigger normal SSB transmission on a SCell for fast access, where the on-demand uplink triggering signal can be received either at inter-band SSB-less cell or another carrier/cell, and supporting RACH transmission opportunity in SSB -less Scell.
· Dynamic UE-group Pcell switching
· To reduce network power consumption, a common primary cell may be dynamically indicated for a group of UEs. 
· Potential impact to other WGS
· RAN2:
· For inter-band CA with SSB-less Scell:
· RACH procedures in SSB-less Scell
· 
· Impact on procedure for dynamic Pcell switching
· RAN3:
· RAN4:
· FFS


Figure 9 shows evaluation results for 1-CC case and 2-CC case and compared them under different cell loadings from the perspectives of 5%-tile/50%-tile UTPs and NW energy consumptions. We assumed 20UEs per cell and 25UEs per cell to see the different cell loading situation. For 25 UEs per cell, if only a single CC is activated, the resource utilization is up to 61%, which is comparatively very high loaded and then UPT becomes degraded accordingly, especially for 5%-tile UPT (showing 64Mbps). In this case NW may activate both CCs to reduce the RU (36%) and 5%-tile UPT can be increased to 243Mbps, which means that cell edge throughput is significantly increased by activating both CCs. However, if cell load becomes comparatively smaller, e.g., from 25UEs per cell (36% RU with 2CC) to 20 UEs per cell (22% RU with 2CC), one Scell can be deactivated while supporting more than 200Mbps 5%-tile UPT. Deactivation of a Scell can reduce NW energy consumption by 38% compared to the case that both CC are all activated as shown in Figure 9. Dynamic UE-group Pcell switching scheme enables this Scell deactivation more efficient and fast manner even when the Pcells are different between UEs. 
Observation 4: Scell deactivation/dormancy can provide network energy savings. However, it negatively impacts UPT and coverage.
Observation 5: Scell deactivation shows 38% average network energy savings when 20 UEs are assumed in a cell.
Observation 6: Scell deactivation shows 64Mbps for 25 UEs per cell (61% RU) and 210Mbps for 20UEs per cell (39% RU).
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[bookmark: _Ref118644647]Figure 9:Comparison between 1-CC case and 2-CC case depending on cell loading.
[bookmark: _Ref118448945][bookmark: _Ref47421117][bookmark: _Hlk23927392]Spatial Domain Techniques
The description of the energy savings techniques is provided in [1]. In this section, we provide the performance evaluation using system level simulations. The analysis is performed based on Set 1 FR1 with power model of Category 1. For energy consumption computation, we assume the agreed relative power in slot-level. No C-DRX was configured in the simulations. For the frame structure DDDSU with limited uplink resource, it is reasonable to assume that UL has smaller traffic than DL. More specifically, we assume that the same traffic for the baseline scenario and enhanced scenario with the UL/DL traffic as follows:
· DL traffic: 0.5Mbytes packet and 200ms mean inter-arrival time,
· UL traffic: 0.1Mbytes packet and 200ms mean inter-arrival time
We provide three performance metrics:
· Average network energy savings
· Average user perceived throughput (UPT) to understand impact on the user experience and data plane latency
· Coverage in terms of downlink SINR.
Technique #C-1: Dynamic adaptation of spatial elements
The evaluation results for the performance metrics are provided in Figure 10 and Figure 11 for different gNB antenna port configurations: 64 TxRUs (4x8) and 32 TxRUs (4x4). We make the following observations on tradeoff among the energy savings, user performance and coverage.
Observation 7: Reducing the number of antenna ports can provide the network energy savings at the expense of reduction in UPT and coverage.
Observation 8: Reducing the number of antenna ports from 64 to 32 provides 29% for low and light load scenarios. 
Observation 9: However, reducing the number of antenna ports from 64 to 32 reduces the average UPT 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 6.5dB in light load.

[bookmark: _Ref118644927]Figure 10. Network energy consumption. 
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[bookmark: _Ref118644944]Figure 11. Impact on UPT and coverage (DL SINR).
Technique #C-2: TRP muting/adaptation in multi-TRP operation 
In the simulation, each TRP is equipped with 64 TxRUs following antenna arrangement agreed as working assumption in RAN1#110. Furthermore, the TRPs belong to the same cell. The simulation results in terms of network energy savings and UPT are provided in Figure 12.
Observation 10: Reducing multi-TRP to single TRP can provide 42% average network energy savings with 16% average UPT reduction in low load, and 39% average network energy savings with 22% average UPT reduction in light load. 

  
[bookmark: _Ref118645203]Figure 12. Network energy consumption & UPT.
Power Domain Techniques
Technique #D-1: Adaptation of transmission power of signals and channels
We assume the same antenna configuration of 64 TxRUs (4x8) as agreed in RAN1#110 working assumption for different DL Tx power levels. The simulation assumption is similar to that discussed in Section 4. Figure 13 and Figure 14 provide the average network energy consumption and impact on UPT and coverage for different total DL Tx power values. 
Observation 11: Reducing the DL transmit power level can provide network energy savings. However, it negatively impacts UPT and coverage.
Observation 12: Reducing the DL transmit power level from 55dBm to 52dBm provides 13% and 7% average network energy savings in low and light load scenarios, respectively.
Observation 13: Reducing the DL transmit power level from 55dBm to 52dBm 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 3dB in light load.


[bookmark: _Ref118645272]Figure 13. NW energy consumption.
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[bookmark: _Ref118645279]Figure 14. Impact on UPT and coverage (DL SINR).
Conclusion 
The following observations and proposals are made in this contribution:
Observation 1: Larger SSB periodicity equal to 40msec and compact SSB can achieve 14% and 10% NW energy saving gain respectively. However, the case of larger SSB periodicity (40 msec) doubles the UE energy consumption. In the contrary, compact SSB results into lower UE energy consumption.
Observation 2: The combination of “light SSB” together with UL WUS achieves up to around 20% NW energy saving gain. The NW energy gain also depends on arrival rate of UEs to system.
Observation 3: On-demand SIB1 can introduce energy saving gain by about 20% and 35% for 2-beam and 8-beam scenarios, respectively with Set 1 FR1.
Observation 4: Scell deactivation/dormancy can provide network energy savings. However, it negatively impacts UPT and coverage.
Observation 5: Scell deactivation shows 38% average network energy savings when 20 UEs are assumed in a cell.
Observation 6: Scell deactivation shows 64Mbps for 25 UEs per cell (61% RU) and 210Mbps for 20UEs per cell (39% RU).
Observation 7: Reducing the number of antenna ports can provide the network energy savings at the expense of reduction in UPT and coverage.
Observation 8: Reducing the number of antenna ports from 64 to 32 provides 29% for low and light load scenarios. 
Observation 9: However, reducing the number of antenna ports from 64 to 32 reduces the average UPT 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 6.5dB in light load.
Observation 10: Reducing multi-TRP to single TRP can provide 42% average network energy savings with 16% average UPT reduction in low load, and 39% average network energy savings with 22% average UPT reduction in light load. 
Observation 11: Reducing the DL transmit power level can provide network energy savings. However, it negatively impacts UPT and coverage.
Observation 12: Reducing the DL transmit power level from 55dBm to 52dBm provides 13% and 7% average network energy savings in low and light load scenarios, respectively.
Observation 13: Reducing the DL transmit power level from 55dBm to 52dBm 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 3dB in light load.
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Energy saving gain for on-demand SIB1

1-beam
20% SIB1 	
tx rate	1-beam
10% SIB1 	
tx rate	1-beam
5% SIB1 	
tx rate	2-beams
20% SIB1 	
tx rate	2-beams
10% SIB1 	
tx rate	2-beams
5% SIB1 	
tx rate	8-beams
20% SIB1 	
tx rate	8-beams
10% SIB1 	
tx rate	8-beams
5% SIB1 	
tx rate	5.8	7.7	8.6	17.5	21	22.8	32.1	36.6	38.799999999999997	
NW energy savgin gain (%)



Normalized NW energy consumption for each operation 

SSB	2-beam
Always-on SIB1 	
(Reference)	2-beam 
On-demand SIB1	
(20% SIB1 tx)	8-beam
Always-on SIB1	
(Reference)	8-beam
On-demand SIB1	
(20% SIB1 tx)	0.13700274348422498	0.13700274348422498	0.20682068206820683	0.20682068206820683	SIB1	2-beam
Always-on SIB1 	
(Reference)	2-beam 
On-demand SIB1	
(20% SIB1 tx)	8-beam
Always-on SIB1	
(Reference)	8-beam
On-demand SIB1	
(20% SIB1 tx)	0.41289437585733885	8.2578875171467767E-2	0.62330938976250572	0.12466187795250114	WUS	2-beam
Always-on SIB1 	
(Reference)	2-beam 
On-demand SIB1	
(20% SIB1 tx)	8-beam
Always-on SIB1	
(Reference)	8-beam
On-demand SIB1	
(20% SIB1 tx)	0	0.13203017832647462	0	4.9828512262991009E-2	RACH	2-beam
Always-on SIB1 	
(Reference)	2-beam 
On-demand SIB1	
(20% SIB1 tx)	8-beam
Always-on SIB1	
(Reference)	8-beam
On-demand SIB1	
(20% SIB1 tx)	0.13203017832647462	2.6406035665294925E-2	4.9828512262991009E-2	9.9657024525982019E-3	Sleep	2-beam
Always-on SIB1 	
(Reference)	2-beam 
On-demand SIB1	
(20% SIB1 tx)	8-beam
Always-on SIB1	
(Reference)	8-beam
On-demand SIB1	
(20% SIB1 tx)	0.31807270233196161	0.44650205761316875	0.12004141590629652	0.28809939817511165	



Average NW Energy consumption

1CC	20	25	49001	59722	2CC	20	25	78409	98104	Number of UEs


Energy Consumption




Average network energy

4x8 (55dBm DL Tx power)	Low load	Light load	25515	30008	4x4 (52dBm DL Tx power)	7504	8594	1	Low load	Light load	18011	21414	



Average DL UPT (Mbps)

4x8 (55dBm DL Tx power)	Low load	Light load	1194	980	4x4 (52dBm DL Tx power)	374	290	1	Low load	Light load	820	690	



Average network energy

mTRP	Low load	Light load	43661	49233	sTRP	18146	19225	1	Low load	Light load	25515	30008	



Average UPT (Mbps)

mTRP	Low load	Light load	1424	1251	sTRP	230	271	1	Low load	Light load	1194	980	



Average network energy

55dBm DL Tx	Low load	Light load	22515	29766	52dBm DL Tx	2956	1976	1	Low load	Light load	19559	27790	



Average UPT

55dBm	Low load	Light load	1200	980	52dBm	125	159	1	Low load	Light load	1075	821	
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