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1 Introduction
[bookmark: _Hlk127258902]To reduce energy consumption of common signal and channel for UEs in idle/inactive mode, in the WID of Rel-19 network energy saving [1], the following objective has been specified:
2. Study procedures and signaling method(s) to support on-demand SIB1 for UEs in idle/inactive mode, including: [RAN1/2/3]
· Triggering method by uplink wake-up-signal using an existing signal/channel.
· Wake-up-signal configuration provisioning to UE 
· Note: No modification of SSB will be discussed under this objective
· Information exchange between gNBs at least for the configuration of wake-up signal, if necessary.
· Checkpoint for normative work in RAN#105
In this contribution, we discuss possible scenarios of on-demand SIB1 operation for UEs in idle/inactive mode, and evaluate the achievable NES gain with on-demand SIB1 for each possible scenario.
2 NW energy saving performance evaluation
During the RAN1#116 meeting [2], the several agreements have been made for performance evaluation. In addition, the following options have been made for on-demand SIB1 operation.
	Agreement
For discussion purpose, the following assumption will be used in RAN1
· Cell A: A cell that is periodically transmitting at least its own SIB1
· NES Cell: A cell that may transmit SIB1 transmission in response to UL WUS from a UE
For the further study of on-demand SIB1 for idle/inactive mode UE, RAN1 studies the following options.
On target cell of UL WUS transmission:
· Option 1: UE transmits UL WUS to NES Cell
· Option 2: UE transmits UL WUS to Cell A
On configuration provision for UL WUS transmission
· Option A: UE obtains the UL WUS configuration from NES Cell
· Option B: UE obtains the UL WUS configuration from Cell A 
Other options are not precluded

Agreement
For further study of achievable NES gain with on-demand SIB1 for idle/inactive mode UE, 
· [bookmark: OLE_LINK185][bookmark: OLE_LINK188]Assume the following for network energy evaluation of non-NES cell in FR1:
· Empty/low/medium cell load as defined in 38.864
· [bookmark: OLE_LINK189]Cat 1/Cat 2 BS as defined in 38.864
· 30kHz SCS, DDDSU TDD pattern
· Case A: 20ms SSB period with 20ms SIB1 period; 
· Case C: 20ms SSB period with 160ms SIB1 period;
· Case D: 20ms SSB period with 40ms SIB1 period;
[bookmark: OLE_LINK186]Note: Other SSB/SIB1 periodicity assumptions are not precluded (up to companies to report)
· 4 or 8 SSBs in a SSB burst with SSB pattern case C
· 20ms or 160ms PRACH monitoring period
· Assume the following for network energy evaluation of NES cell in FR1:
· Empty/low/medium cell load as defined in 38.864
· Cat 1/Cat 2 BS as defined in 38.864
· 30kHz SCS, DDDSU TDD pattern
· Case 1: 20ms SSB period with no SIB1 transmitted; 
Note: Other SSB/SIB1 assumptions are not precluded (up to companies to report)
· 4 or 8 SSBs in a SSB burst with SSB pattern case C
· 20ms/160ms UL WUS monitoring period
· Note: SSB/CORESET0 multiplexing pattern 1 is used


To evaluate the achievable NES gain of on-demand SIB1 technique according to cell load, network energy consumption is calculated with an assumption that an on-demand SIB1 would be requested by a UE with UL WUS and transmitted before a data packet transmission (assuming a low load scenario of one packet per UE). In our evaluation, only one on-demand SIB1 beam is considered in the UL WUS, and the corresponding SIB1 transmission (e.g., as colored in Figure 5 and Figure 6)is associated with a SSB for the same QCL assumption. The FTP3 traffic model is used for modeling UEs’ arrival at the cell. Additionally, for evaluating the network energy saving gain, Case A and Case C from the above RAN1 agreement are evaluated for non-NES cell as two extreme cases. For the NES cell, 20 ms and 160 ms are considered as UL WUS monitoring period for Case A and Case C, respectively. The other details of simulation assumption can be found in the Annexes. 
2.1	Multi-cell scenario
For multi-cell scenario, the total power consumption of both Cell A (i.e. non-NES cell) and NES cell(s) is calculated with respect to various resource utilizations (which includes the rate of UEs arriving at the cell) and for 1-to-N coordination between one Cell A and N NES cell(s). For example of 1-to-3 coordination case, to calculate network energy saving gain, the total power consumption of 1 Cell A described in Figure 4 and 3 NES cells described in Figure 5 is compared with the total power consumption of 4 reference cells described in Figure 3. For SIB1 transmission (including both periodic SIB1 and on-demand SIB1), SSB/CORESET#0 multiplexing pattern 1, controlResourceSetZero = 4 with Table 13-6, and searchSpaceZero = 1 with Table 13-11 are assumed with SSB pattern case C. For UL WUS, Option B (UE obtains the UL WUS configuration from Cell A, e.g., by system information from Cell A) and Option 1 (UE transmits UL WUS to NES cell) from the RAN1#116 agreement are assumed. It is assumed that WUS configuration for a Cell A is transmitted by an additional SIB other than SIB1. Also, the UL WUS monitoring occasion periodicity is set-up to be the same as SIB1 periodicity. The further details can be found in Annexes.
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<Multi-cell scenario with Case A>
[image: ]
<Multi-cell scenario with Case C>
Figure 1 Evaluation results of on-demand SIB1 at multi-cell scenario 
As illustrated in Figure 1 with Case A (i.e., upper figure), it is observed that: 
· For 1-to-1 coordination between Cell A and NES cell, no NES gain can be achieved because of the additional energy consumption for UL WUS configuration at Cell A. 
· As increasing the number of NES cells coordinated to one Cell A, only marginal NES gain by 1.25 % ~ 9.66 % can be achieved. 
As illustrated in Figure 1 with Case C (i.e., lower figure), it is observed that NES gain by 0.42% ~ 5.51% can be achieved, for various considered coordination between Cell A and NES cell. 
Observation 1: There is no energy saving gain in case of 1-to-1 coordination between Cell A and NES cell for Case A in multi-cell scenario.
Observation 2: On-demand SIB1 provides energy saving gain by 0 % ~ 9.66 % for Case A in multi-cell scenario.
Observation 3: On-demand SIB1 provides energy saving gain by 0.42 % ~ 5.51 % for Case C in multi-cell scenario.
2.2	Single cell scenario
For single cell scenario, on-demand SIB1 cell is evaluated for two sub-scenarios: NES cell without UL WUS configuration as described in Figure 5 and NES cell with UL WUS configuration as described in Figure 6. It is noted that “without UL WUS configuration” implies UL WUS configuration is fixed and it is only assumed for evaluation purpose; and “with UL WUS configuration” implies additional system information is needed to provide the UL WUS configuration on the NES cell. For SIB1 transmission (including both periodic SIB1 and on-demand SIB1), SSB/CORESET#0 multiplexing pattern 1, controlResourceSetZero = 4 with Table 13-6, and searchSpaceZero = 1 with Table 13-11 are assumed with SSB pattern case C. For UL WUS, Option A (UE obtains the UL WUS configuration from NES cell) and Option 1 (UE transmits UL WUS to NES cell) are assumed. It is assumed WUS configuration is transmitted by an additional SIB other than SIB1. Also, the UL WUS monitoring occasion periodicity is set-up the same as SIB1 periodicity. The further details can be found in Annexes.
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<Single cell scenario with Case A>
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<Single cell scenario with Case C>
Figure 2 Evaluation results of on-demand SIB1 at single cell scenario 
As illustrated in Figure 2, it is observed that: 
· For NES cell without WUS configuration, on-demand SIB1 operation can provide NES gain by 2.65 % ~ 13.25 % for Case A and 1.23 % ~ 6.61 % for Case C. 
· For NES cell with WUS configuration, on-demand SIB1 operation does not provide any NES gain for Case A (because of the additional energy consumption for WUS configuration every period), and can provide NES gain by 0.9 % ~ 4.66 % for Case C.
Observation 4: On-demand SIB1 without WUS configuration provides energy saving gain by 2.65 % ~ 13.25 % for Case A in single cell scenario.
Observation 5: On-demand SIB1 without WUS configuration provides energy saving gain by 1.23 % ~ 6.61 % for Case C in single cell scenario.
Observation 6: There is no energy saving gain in case of on-demand SIB1 operation with WUS configuration for Case A in single cell scenario.
Observation 7: On-demand SIB1 with WUS configuration provides energy saving gain by 0.9 % ~ 4.66 % for Case C in single cell scenario.
3 Multi-cell operation for on-demand SIB1
For multi-cell scenario, three combinations of the options for cells providing the UL WUS configuration and transmitting the UL WUS can be considered, based on the agreement from RAN1#116: 
· Option 1 + Option B: UE obtains the UL WUS configuration from cell A and transmits UL WUS to NES cell;
· Option 2 + Option A: UE obtains the UL WUS configuration from NES cell and transmits UL WUS to Cell A;
· Option 2 + Option B: UE obtains the UL WUS configuration from cell A and transmits UL WUS to cell A.
Within the combinations of options, Option 2 + Option A is not feasible, since the corresponding development scenario may not be realistic in the sense that if the UE may not be able to obtain the UL WUS configuration from the NES cell, while the transmission of UL WUS is on another cell. 
Between the remaining two combinations, Option 2 + Option B may have several issues for performance and deployment. First, it will impact the latency for triggering on-demand SIB1, since it requires additional backhaul signaling between a Cell A and NES Cell to indicate on-demand SIB1 transmission. Second, it will bring less resource efficiency and larger energy consumption on a Cell A. Similar to the observations in the evaluation results for Option 1 + Option B, at least more than one NES cell should be coordinated with a Cell A to acquire NES gain, then a large number of resources for UL WUS monitoring should be allocated to a Cell A. Last, if a Cell A addresses to transmit UL WUS configuration and to receive UL WUS for multiple NES cells, it means the Cell A should handle a larger number of idle/inactive UEs from other cells with a consequence of the capacity issue, especially when PRACH is used for UL WUS. With the above reasons, Option 2 + Option B is not feasible for on-demand SIB1 in multi-cell scenario.
Regarding Option 1 + Option B, it may be the more desirable scenario to be considered from network energy saving perspective. Since the UE can transmit UL WUS on the UL WUS occasion associated with one SSB on the NES cell, only one on-demand SIB1 QCLed with one specific SSB can be transmitted. It can reduce redundant SIB1 transmissions for all beams. Furthermore, UL WUS can also be used for UL synchronization for initial access and UL transmission.
Observation 8: From network energy saving perspective, only Option 1 + Option B can be considered as a candidate for on-demand SIB1 operation in multi-cell scenario.
However, Option 1 + Option B for multi-cell scenario still has some issues to be addressed for its feasibility justification. One issue is how the UE can figure out whether a cell is Cell A or NES cell. To access a NES cell, at least the UE should detect one Cell A to acquire the UL WUS configuration for the target NES cell. Without solution, UE may spend more time and energy for searching a Cell A including WUS configuration of target NES cell. Therefore, to check the feasibility of on-demand SIB1 operation in multi-cell scenario, it is necessary to justify the method on how the UE can know whether the cell is Cell A or NES cell.
Proposal 1: Need to justify how to identify whether the cell is Cell A or NES cell, for on-demand SIB1 with Option 1 + Option B in multi-cell scenario.
4 Single-cell operation for on-demand SIB1
Similar to the multi-cell scenario, it is an important issue to determine whether or not a cell performs an on-demand SIB1 operation in the single-cell scenario. However, for single-cell scenario, prior to the PDCCH/PDSCH transmission for SIB1, the only signal/channel available for indicating such information is SSB, but the WID explicitly excludes the changes to SSB for this objective. In this sense, without introducing new signal/channel or supporting non-trivial specification changes to existing signal/channel to support the indication, it is impossible for the UE to distinguish a cell supporting on-demand SIB1 or not.
Meanwhile, unlike the multi-cell scenario, in the single cell scenario, the UE should be able to determine the UL WUS resources in the corresponding cell to transmit a UL WUS. Time/frequency/power information for UL WUS transmission in the corresponding NES cell supporting on-demand SIB1 needs to be pre-configured or fixed. Such method may cause non-trivial change to current specifications with non-flexible resource allocation for UL WUS, which may not fit all the frequency bands since current specification already supported flexible resource allocation for the candidate channels for UL WUS (e.g., PRACH). Thus, the feasibility of supporting on-demand SIB1 for single-cell scenario is questionable. 
Observation 9: Given no or minimal energy saving gain in the evaluations, and potential large specification impact, supporting on-demand SIB1 in single-cell scenario is not justified.
1 
2 
3 
5 Conclusion
In this contribution, we discussed issue of on-demand SIB1 for single-cell scenario and multi-cell scenario. The following proposals were made:
Observation 1: There is no energy saving gain in case of 1-to-1 coordination between Cell A and NES cell at Case A in multi-cell scenario.
Observation 2: On-demand SIB1 provides energy saving gain by 0 % ~ 9.66 % with Case A in multi-cell scenario.
Observation 3: On-demand SIB1 provides energy saving gain by 0.42 % ~ 5.51 % with Case C in multi-cell scenario.
Observation 4: On-demand SIB1 without WUS configuration provides energy saving gain by 2.65 % ~ 13.25 % at Case A in single cell scenario.
Observation 5: On-demand SIB1 without WUS configuration provides energy saving gain by 1.23 % ~ 6.61 % at Case C in single cell scenario.
Observation 6: There is no energy saving gain in case of on-demand SIB1 operation with WUS configuration at Case A in single cell scenario.
Observation 7: On-demand SIB1 with WUS configuration provides energy saving gain by 0.9 % ~ 4.66 % at Case C in single cell scenario.
Observation 8: From network energy saving perspective, only Option 1 + Option B can be considered as a candidate for on-demand SIB1 operation in multi-cell scenario.
Observation 9: Given no or minimal energy saving gain in the evaluations, and potential large specification impact, supporting on-demand SIB1 in single-cell scenario is not justified.
Proposal 1: Need to justify how to identify whether the cell is Cell A or NES cell, for on-demand SIB1 with Option 1 + Option B in multi-cell scenario.
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Annex A: Illustration of cell operation for evaluation
For evaluation, the following figures illustrate cell operation for each cell, like reference cell, non-NES cell (i.e., Cell A) including WUS configuration, NES cell with and without WUS configuration in Case A with 20 ms SSB periodicity. Energy consumption of each slot are calculated with power consumption scaled according to frequency and time resource utilization for transmission and reception based on BS power model in [3].


Figure 3: Illustration of reference cell scenario (Rel-15)



Figure 4: Illustration of non-NES cell scenario including WUS configuration (Rel-19)



Figure 5: Illustration of NES cell scenario without WUS configuration (Rel-19)



Figure 6: Illustration of NES cell scenario with WUS configuration (Rel-19)
[bookmark: _GoBack]Annex B: Simulation assumption
Table 1: Simulation assumption for FR1 Case A and Case C
	FR1
	Parameters of NES Cell

	
	Case A
	Case C

	Basic parameters
	Frame structure
	DDDDU
	DDDDU

	
	BS category
	BS Cat 1
	BS Cat 1

	
	Traffic model
	Follow previous RAN1 agreements in 38.864
	Follow previous RAN1 agreements in 38.864

	Common RS
	SSB period
	20ms
	20ms

	
	SS blocks per SSB burst
	Up to 8
	Up to 8 

	
	SSB time resource
	4 symbols for each SSB
	4 symbols for each SSB

	
	SSB frequency resource
	20 RBs
	20 RBs

	
	SIB1 period
	20ms / NES Cell: On-demand
	160ms / NES Cell: On-demand

	
	SIB1 beam
	Up to 8 aligned with SSB
	Up to 8 aligned with SSB

	
	RACH period
	20ms
	Cell A: 20ms / NES Cell: 160 ms

	
	UL WUS monitoring period
	20ms
	160ms

	
	WUS configuration period
	20ms
	160ms

	
	WUS configuration time resource
	3 symbols for each WUS
	3 symbols for each WUS

	
	WUS configuration beam
	Up to 8 aligned with SSB
	Up to 8 aligned with SSB

	
	WUS frequency resource
	Multi-cell scenario: 48 RBs on Cell A
Single cell scenario: 24 RBs on NES Cell
	Multi-cell scenario: 48 RBs on Cell A
Single cell scenario: 24 RBs on NES Cell

	
	Para. for WUS transmission
at multi-cell operation
	Option 1: UE transmits UL WUS to NES Cell
Option B: UE obtains the UL WUS configuration from Cell A 
	Option 1: UE transmits UL WUS to NES Cell
Option B: UE obtains the UL WUS configuration from Cell A 

	
	Para. for WUS transmission
at single cell operation
	Option 1: UE transmits UL WUS to NES Cell
Option A: 
With WUS configuration: UE obtains the UL WUS configuration from NES Cell (e.g., by additional system information)
Without WUS configuration: UL WUS configuration is fixed, and no additional transmission for WUS configuration from NES Cell
	Option 1: UE transmits UL WUS to NES Cell
Option A: 
With WUS configuration: UE obtains the UL WUS configuration from NES Cell (e.g., by additional system information)
Without WUS configuration: UL WUS configuration is fixed, and no additional transmission for WUS configuration from NES Cell
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