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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Plenty of candidate techniques for time, frequency, spatial and power domains were discussed and evaluated during the study item (SI) of Rel-18 network energy saving (NES) [1], and some of them were set up for the Rel-18 NES work item (WI) [2], including: 
· CSI enhancements for adaptations in spatial and power domains
· Cell DTX/DRX mechanism for time domain
· SSB-less SCell operation for inter-band CA for FR1 and co-located cells for frequency domain 
For the NES topic, further enhancements are expected to be continued in Rel-19 based on the study outcome in Rel-18 and need to focus on areas which can provide significant power savings with reasonable standardization efforts [3]. 
The potential Rel-19 candidate enhancements are as listed in [4] from RAN chair. In this contribution, we will mainly focus on the following which are the most beneficial ones based on the outcome of Rel-18 study item.  
· On-demand SSB SCell operation for UEs in connected mode
· [bookmark: OLE_LINK1]SIB1-less operation for non-anchor NES cell for UEs in idle/inactive modes
· On-demand SIB1 for UEs in idle/inactive modes 
On-demand SSB SCell operation for UEs in RRC CONNECTED mode
In Rel-18 NES WI, SSB-less SCell operation is specified, however it is limited to the scenario of inter-band CA for FR1 and co-located cells. Enhancements on SSB transmission for scenarios not covered by SSB-less is useful from network energy saving perspective, e.g., inter-band CA with FR1 band and FR2 band. 
Observation 1: There is need to do enhancements on SSB transmission for scenarios not covered by SSB-less operation, e.g. inter-band CA with FR1 band and FR2 band.
SSB-less operation relies on SSB from the other cell for time/frequency synchronization, L1/L3 measurements and SCell activation. However, for scenarios like inter-band CA with FR1 and FR2, it is difficult to rely on SSB on the FR1 cell to do the above functions for FR2. If always-on periodic SSB transmission is used to achieve the above functions, the FR2 SCell cannot be shut down or go to deeper sleep mode. On-demand SSB can be used as the enhancements on SSB transmission for scenarios not covered by SSB-less operation, to achieve NES gain and also ensure appropriate/enhanced functions on SCell, including time/frequency synchronization, L1/L3 measurements and SCell activation.
Proposal 1: On-demand SSB for SCell(s) in scenarios not covered by SSB-less operation, e.g. inter-band CA with FR1 and FR2, should be included in the Rel-19 NES WI. 
For on-demand SSB SCell operation, further adaptation of time-domain SSB patterns for the on-demand SSB transmission should be supported, which can further reduce the network energy consumption by enabling more chance for gNB to use deeper sleep modes, and meanwhile enable faster SCell activation for the SCell with on-demand SSB if the SCell is in a very deep sleep mode before activation. 
As the example shown in Figure 1, for the existing SSB pattern the periodicity is usually 20 ms, and also there are gaps between consecutive SSBs because of the existing design of the time resource locations within a period. For on-demand SSB SCell operation, when the SSB is triggered to be transmitted for some certain purpose like measurements, gNB may have to keep in active mode for an unnecessary long time, which will result in unnecessary energy consumption. With a more compact SSB pattern as shown in Figure 1, gNB can finish the transmission of the necessary SSBs for the measurements in a shorter time, and then have more chance to go to deeper sleep modes, thus can further reduce the network energy consumption on top of on-demand SSB SCell operation. With adaptation of the time-domain SSB patterns, gNB can trigger appropriate SSB pattern to maximize the network energy saving based on actual situation.        
[image: ]
Figure 1. Example of a compact SSB pattern for on-demand SSB transmission
In addition, further adaptation of time-domain SSB patterns is also beneficial to reduce the SCell activation delay, especially if the SCell is in a very deep sleep mode before activation. Take the example as shown in Figure 2, if the SCell is in a very deep sleep mode, the FR2 SCell is in unknown state before the on-demand SSB is triggered to be transmitted, since there is no SSB available for necessary measurements for SCell functions e.g. SCell activation. As shown in Figure 2, according to the RAN4 procedures for SCell activation, it will take a very long time to activate such an SCell, which means on-demand SSB SCell operation will result in very large activation delay although it can provide promising network energy saving gain. 
[image: ]
Figure 2. Example of activation delay for an SCell with on-demand SSB operation using existing SSB pattern
The main reasons to result in such large delay is because that UE needs to wait for a long time to get all necessary SSBs to finish all the SCell activation procedures. With the possibility to adapt the time-domain SSB patterns, when the FR2 SCell is to be activated, a more compact SSB pattern as shown in Figure 1 can be triggered. With the more compact SSB pattern, the overall time it will take for UE to finish the SCell activation will be reduced largely. 
Proposal 2: Adaptation of time-domain SSB patterns for on-demand SSB transmission for SCell should be included in the Rel-19 NES WI.

SIB1-less operation for non-anchor NES cell for UEs in idle/inactive modes
Normally, each cell can provide IDLE mode functions for camping and initial access, which requires the common signals/channels including SSB/SIB/paging/RACH to be transmitted/received on each cell, leading to non-negligible dynamic power consumption and potential high static power in case of non-sleeping mode in empty/low load cases. One implementation way is to shutdown part of the cells, namely non-anchor NES cell(s), but then the non-anchor NES cell(s) cannot provide IDLE mode functions, resulting that all UEs do the camping and initial access on cell transmitting the common signals/channels, namely anchor cell. 
Therefore, SIB1-less non-anchor NES cell operation is proposed, as shown in Figure 3, in which case the anchor cell provide the IDLE camping by transmitting the SSB/SIB/paging and the anchor cell also transmits the SIB1 for non-anchor NES cell(s), i.e. there is no SIB1 transmitted on the non-anchor NES cell. For the UE behaviour, the UE camps on the anchor cell, receives the SIB1 for the NES cell from the anchor cell, and if the UE needs to access the network, the UE can do the synchronization to the non-anchor NES cell if needed and then performs RACH on the NES cell based on the RACH configuration obtained from the SIB1 transmitted on the anchor cell. 
[image: ]
Figure 3. SIB1-less operation for non-anchor NES cell(s)
The SIB1-less non-anchor NES cell operation can provide NES gain for the non-anchor NES cell(s) as shown in Figure 4, and maintain the initial access function for each cell. In addition, since SIB1 for the non-anchor NES cell is transmitted on the anchor cell, UE can get the RACH related configurations from anchor cell and thus can access the non-anchor cell with reduced initial access delay, which is one of the additional benefits compared to on-demand SIB1 as discussed in section 4. In addition, as shown in the TR [1] for Rel-18 SI, SIB1-less can achieve promising gain for medium load case also, in addition to empty/low load. 
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Figure 4. NES gain for SIB1-less operation
Observation 2: SIB1-less operation can provide significant network energy gain on non-anchor NES cell(s) for low/medium load, and meanwhile maintain the initial access function for the non-anchor NES cell with reduced initial access delay. 
Proposal 3: SIB1-less operation for non-anchor NES cell(s) should be included in the Rel-19 NES WI.
On-demand SSB/SIB1 for UE in IDLE mode 
On-demand SSB/SIB1 for UE in idle mode can be discussed from two perspectives. One perspective is whether both SSB and SIB1 or only SIB1 are on-demand triggered, and the other perspective is for single-cell or multi-cell cases. 
For the first perspective, if SSB is also on-demand triggered, then a DRS or a simplified SSB needs to be transmitted before the WUS transmission, but the whole procedure for WUS triggered mechanism is the same. 
For the second perspective as shown in Figure 5, for the single cell-case, since there is no other cell to help transmit the WUS configuration, the WUS configuration needs to be considered carefully, e.g. WUS configuration may be transmitted by the SSB/DRS, which may lead to non-trivial specification efforts. 
[bookmark: OLE_LINK9]For the multi-cell case, on-demand SIB1 has less specification efforts compared to single-cell case since the WUS configuration can be provided from the anchor cell. However, the latency for initial access and the NES gain is inferior to the SIB1-less scheme, considering the extra procedures from WUS transmission to get the SIB1. In addition, there was no evaluation for on-demand SIB1 for medium load in the Rel-18 SI, and it is expected that on-demand SIB1 is not applicable for medium load, because different UEs may separately trigger the SIB1 frequently, results into the large power consumption of gNB. 
 [image: ]     [image: ]
(a) Single-cell case                                                       (b) Multi-cell case
Figure 5. On-demand SIB1 for IDLE mode
Observation 3: On-demand SSB/SIB1 for UE in IDLE mode for the single-cell case can maximize the scenarios to achieve NES gain, however it may lead to non-trivial specification efforts due to WUS configuration.
Observation 4: On-demand SSB/SIB1 for UE in IDLE mode for multi-cell cases is inferior to the SIB1-less non-anchor NES cell operation on the initial access latency and the applicable scenarios (i.e. cannot apply to medium load).   
Potential objectives for Rel-19 NES WI
Based on the discussion in the above sections and also the email discussions kicked off by moderator, at least the following potential objectives should be taken for Rel-19 network energy saving WI:
· Specify procedures and signalling method(s) to support on-demand SSB SCell operation for UEs in connected mode configured with CA, including inter-band CA. [RAN1, RAN2, RAN 4]
· Specify adaptation of SSB in time domain including adapting periodicity, time-domain positions (time resource locations within a period) and the number of SSBs within a period, including the possibility of transmission of PSS/SSS without PBCH. 
· Note: on-demand SSB transmission is used by UE for SCell time/frequency synchronization, L1/L3 measurements and SCell activation, and is supported for FR1 and FR2.
· Specify support for SIB1-less operation for non-anchor NES cell for UEs in IDLE/INACTIVE mode [RAN2, RAN1]
· UE can access from SIB1-less non-anchor NES cell, for which the SIB1 is carried on an anchor cell.
Other techniques if justified for R19 NES can be considered also, e.g. on-demand SSB/SIB1 for UE in IDLE mode, adaptation of some other common channel/signal like PRACH, and some further enhancements for cell DTX/DRX. 
Conclusion
In this contribution, we discuss further potential enhancements for Rel-19 NES, and the observations and proposals are listed below: 
Observation 1: There is need to do enhancements on SSB transmission for scenarios not covered by SSB-less operation, e.g. inter-band CA with FR1 band and FR2 band.
Proposal 1: On-demand SSB for SCell(s) in scenarios not covered by SSB-less operation, e.g. inter-band CA with FR1 and FR2, should be included in the Rel-19 NES WI.
Proposal 2: Adaptation of time-domain SSB patterns for on-demand SSB transmission for SCell should be included in the Rel-19 NES WI.
Observation 2: SIB1-less operation can provide significant network energy gain on non-anchor NES cell(s) for low/medium load, and meanwhile maintain the initial access function for the non-anchor NES cell with reduced initial access delay. 
Proposal 3: SIB1-less operation for non-anchor NES cell(s) should be included in the Rel-19 NES WI.
Observation 3: On-demand SSB/SIB1 for UE in IDLE mode for the single-cell case can maximize the scenarios to achieve NES gain, however it may lead to non-trivial specification efforts due to WUS configuration.
Observation 4: On-demand SSB/SIB1 for UE in IDLE mode for multi-cell cases is inferior to the SIB1-less non-anchor NES cell operation on the initial access latency and the applicable scenarios (i.e. cannot apply to medium load). 

[bookmark: _GoBack]Based on the discussion in this paper, at least the following objectives should be taken for Rel-19 network energy saving WI:
· [bookmark: OLE_LINK10]Specify procedures and signalling method(s) to support on-demand SSB SCell operation for UEs in connected mode configured with CA, including inter-band CA. [RAN1, RAN2, RAN 4]
· Specify adaptation of SSB in time domain including adapting periodicity, time-domain positions (time resource locations within a period) and the number of SSBs within a period, including the possibility of transmission of PSS/SSS without PBCH. 
· Note: on-demand SSB transmission is used by UE for SCell time/frequency synchronization, L1/L3 measurements and SCell activation, and is supported for FR1 and FR2.
· Specify support for SIB1-less operation for non-anchor NES cell for UEs in IDLE/INACTIVE mode [RAN2, RAN1]
· UE can access from SIB1-less non-anchor NES cell, for which the SIB1 is carried on an anchor cell.
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