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1	Introduction
The WID for NR Rel-19 “Enhancements of network energy savings for NR” [1] states the following:
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 how the above objective should be approached. We further provide proposals in line with this objective.
[bookmark: _Ref178064866]

2	Discussion
2.1		NES gain potential
[bookmark: _Hlk158827569]RAN1#116 agreement:
Agreement
For further study of achievable NES gain with on-demand SIB1 for idle/inactive mode UE, 
· Assume the following for network energy evaluation of non-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 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;
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

A series of comparisons of the on-demand SIB1 feature with legacy SIB1 configurations of varying periodicities are presented in this section, as per the above RAN1#116 agreement. In all the evaluations, empty load is assumed. This is however the most favourable assumption for the on-demand SIB1 feature, as any additional data traffic load will reduce the opportunity of the network to transition to deeper sleep states. Hence, the expected practical gains will be even lower than what is reported here. 

A summary of the results is presented in Table 1. More detailed results are provided in Figure 1 for the case with 8 SSBs and the CAT1 energy consumption model. Additional detailed results for the cases with 1, 4 and 8 SSBs and the CAT1 and CAT2 energy consumption models are provided in Appendix A.
 
[bookmark: _Ref162352455]

[bookmark: _Ref163123832]Table 1: Comparison of NES gains for single beam four beam and eight beam cases for SIB1 with 20ms, 40 ms and 160ms (reference) periodicities and On-demand/no SIB1. Empty cell load, CAT 1.
	Energy Consumption model and SSB/PRACH periodicity
	SIB1 periodicity
	NES Gains

	
	
	1 SSB
	4 SSB
	8 SSB

	CAT1, 20/20 ms
	Case A (20 ms)
	-7%
	-24%
	-42%

	
	Case D (40 ms)
	-3%
	-10%
	-18%

	
	Case C (160 ms, reference)
	0
	0
	0

	
	Case 1 (No/on-demand SIB1)
	1%
	3%
	6%

	CAT1, 20/160 ms
	Case A (20 ms)
	-18%
	-42%
	-66%

	
	Case D (40 ms)
	-8%
	-18
	-28%

	
	Case C (160 ms, reference)
	0
	0
	0

	
	Case 1 (No/on-demand SIB1)
	1%
	4%
	7%



In Table 1, the NES gain of the OD-SIB1 feature (Case 1) is compared with several other signalling configurations, where the periodicity of the SIB1 transmission is 20 ms, 40 ms and 160 ms. We have selected Case C (160 ms SIB1 periodicity) as reference since it shows the best achievable performance with the Release 18 specifications. To simplify the simulations Case 1 has no SIB1 at all (i.e. on-demand SIB1 transmission is very sparse), hence it shows the largest possible gains for the on-demand SIB1 feature. The maximum expected gain for CAT1 is 7%, it is achieved when eight beam SSB is used and PRACH periodicity 160 ms. The gains are somewhat smaller with the CAT2 energy consumption model, see Appendix A. 

[bookmark: _Toc163222057]The NES gains for on-demand SIB1 transmissions over reference (SIB1 periodicity of 160ms) are as follows: 
1% gain for single SSB,
3%~4% for four SSBs,
5%~7% for eight SSBs 
[bookmark: _Toc163222058]Evaluated settings: SSB/PRACH periodicities of 20ms/20ms and 20ms/160ms, BS energy consumption models CAT1 and CAT2, and no load.

[bookmark: _Ref163028586][bookmark: _Toc163222070]Given the limited NES gains of the on-demand SIB1 feature and the fact that it makes the cell inaccessible for legacy UEs, only simple solutions that require minimal standardization changes should be considered.
[image: A graph of energy efficiency

Description automatically generated with medium confidence]
Figure 1 Simulations for energy consumption comparison between various setups based on the CAT1 energy consumption model in comparison with a reference including SSB/SIB1/PRACH with 20/160/20 ms periodicity respectively (on the left) with eight beams. Note ‘No SIB1’ would refer to ‘on-demand/No SIB1’ case.
2.2	Deployment Scenarios: the role of Cell A and NES cell
RAN1#116 agreement:
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


There is an implicit assumption in Option 2 and Option B that there exists a Cell A with coverage that extends over the complete NES cell coverage. This limits the deployments where the feature can be applied.

[bookmark: _Toc163222059]For Option 2 and Option B there need to be a Cell A with coverage that extends the coverage of the NES cell, this limits the deployments where the feature can be used.
2.2.1	Indicate to a UE that SIB1 can be requested on-demand
A fundamental question for the feature is how a UE can know that SIB1 can be provided on-demand in a NES cell. In legacy, if a UE is unable to acquire SIB1 then the cell is considered as barred. One possibility is to indicate this in the MIB: There is not much space in the MIB, but it may be sufficient to use e.g. specific values of the ssb-SubcarrierOffset parameter or the spare BIT STRING of the MIB to indicate to the UE that SIB1 can be requested on-demand and possibly how to do it.

[bookmark: _Toc163222071]Study further how a UE can learn that SIB1 is provided on-demand for a NES cell.
[bookmark: _Toc163222060][bookmark: _Toc163119915][bookmark: _Toc163119930][bookmark: _Toc163119916][bookmark: _Toc163119931]The MIB can be used indicate to UEs that SIB1 can be requested on-demand. 
2.2.2	Configuration provision for UL WUS transmission
To acquire SIB1, the UE needs to know both how and where to send an on-demand SIB1 request and where it should search for the SIB1 transmission. Regarding configuration provision for UL WUS transmission, we see a need to separate between: (1) the first time that the configuration is provided to the UE and (2) configuration updates.

First time configuration provision for UL WUS:
With Option A, the NES cell provides the UL WUS configuration itself using available information elements in the MIB. In current MIB description there is only one spare bit that can be used to provide UL WUS configuration. Hence, there is only room for very limited configurations. In contrast, several legacy mechanisms with sufficient payloads are available when Option B is used and can be used to deliver UL WUS configurations of arbitrary detail level. RRC messaging and Other SI delivery procedures are two examples of the available legacy mechanisms for option B. 

[bookmark: _Toc163222061]Carrying full information related to on-demand SIB1 configuration (e.g. UL WUS configuration, etc) in the very limited available information elements of the MIB seems infeasible.
[bookmark: _Toc163222062]On-demand SIB1 configuration can be provided in the SI of Cell A or by RRC messaging with Cell A. 
Based on these observations we propose the following:

[bookmark: _Toc163222072]A UE that is not already camping on the NES cell can obtain the UL WUS configuration for the NES cell from cell A.

Configuration update provision for UL WUS:
A UE that has received a first configuration of UL WUS may be camping in either Cell A or in the NES Cell. In the case that the configuration of UL WUS needs to be updated, our opinion is that the UE should not have to switch cell to receive the update. Hence, we propose that Cell A sends UL WUS configuration update for UEs that are camping in cell A and that the NES cell sends UL WUS configuration update for UEs that are camping in the NES cell. The UL WUS configuration update can be done via the legacy SI update procedure.

[bookmark: _Toc163222073]Provisioning of update of UL WUS configuration is done by the cell in which the UE is camping.
2.2.3	Target cell of UL WUS transmission
With Option 1, the NES Cell can promptly respond to the on-demand SIB1 request with an up-to-date SIB1 message. In contrast, under Option 2 several complications arise that must be addressed: 
· The Cell A and the NES Cell must frequently exchange information, not only for ongoing on-demand SIB1 requests, but also to ensure the consistency of the information included in the SIB1 message. 
· Recovery from failure due to some random event could also be very complicated under Option 2 since the recovery mechanism must capture all the possible combinations of events that can lead to failure and appropriate steps must be taken for each of these combinations.

[bookmark: _Toc163222063]Having the UE send UL WUS to Cell A is a more complex solution that can lead to increased signalling between the NES cell and Cell A and require additional solutions to ensure that Cell A and the NES cell has consistent information regarding the SIB1. 
[bookmark: _Toc163222074]UE transmits UL WUS to NES Cell.
2.2.4	Source cell transmitting on-demand SIB1
The second assumption of the Agreement states that “NES Cell: A cell that may transmit SIB1 transmission in response to UL WUS from a UE”. This is the most immediate way for the network to reply to an on-demand SIB1 request. The alternative is that Cell A replies with the SIB1 (of the NES cell) to the UE.

This issue is also related with resolving the receiver of the UL WUS, i.e., NES Cell or Cell A: If UE transmits UL WUS to the NES cell (Option 1) then it makes no sense that the reply with the SIB1 should come from Cell A. As already mentioned, we prefer simple solutions and therefore we want to avoid unnecessary signalling between the NES cell and Cell A. Therefore, we propose that the NES Cell transmits its SIB1 in response to UL WUS from a UE. 

[bookmark: _Toc163222064]When SIB1 is provided by the NES cell, its content is always expected to be up to date.
[bookmark: _Toc163222075]The NES cell transmits its SIB1 in response to UL WUS from a UE.

2.3	UL WUS Design 
2.3.1	Reserved PRACH preambles
RAN1#116 agreement:
Agreement
· For study of UL WUS design, consider at least PRACH as a starting point
· FFS: Whether there is dedicated PRACH resource for SIB1 request 
· Other option(s) not precluded


In our view, the legacy procedures for the on-demand request of Other SI, i.e., SIB2, SIB3, etc, should serve as the model for the present WI objective on on-demand SIB1, although adaptations will be needed. These legacy approaches rely on two-step and four-step random access (RA) procedures, the configurations of which are given to the UE in SIB1 under standard operation. 
· The two-step-based RA approach for on-demand delivery of Other SI is characterized by specific preambles associated with specific PRACH resources. Each preamble/PRACH resource is associated with a specific SIB and/or SI message, so the initial message transmitted by the UE is sufficient for the request of the corresponding SIB/SI message.
· The four-step-based RA starts with the UE sending a random preamble approach. The SI request is sent with RRC signalling (RRCSystemInfoRequest).

[bookmark: _Toc163222065]Legacy procedures to request Other SI on-demand are:
Option 1) Two-step-based RA procedure with a preamble that is specifically reserved for the on-demand SIB1.
Option 2) Four-step-based RA procedure with a random preamble and contention resolution.
Since SIB1 is part of the minimum system information it is reasonable to reserve a specific preamble and PRACH resources for its request, rather than relying on a random preamble and contention resolution at a later stage of the RA process. The four-step approach can be useful when it is desirable to avoid preamble reservation, but for on-demand SIB1 we would only need one preamble. Even in the case that several UEs request on-demand SIB1 simultaneously, there is no collision since the same message will be delivered to all the requesting UEs. Furthermore, the two-step-based approach has lower latency than the four-step-based approach, which anyway needs a configuration for the first message. We see no reason to introduce the four-step-based RA approach for on-demand SIB1.

[bookmark: _Toc163222066]Compared to the two-step-based RA procedure with, the four-step-based RA procedure where MSG3 is used for on-demand SIB1 leads to increased latency and it anyway needs a configuration for the first message.
[bookmark: _Toc163222076]For UL WUS design and on-demand SIB1 request, use PRACH preambles that are configured as part of the UL-WUS configuration.
2.3.2	Additional properties of UL WUS
RAN1#116 agreement:
Agreement
For the further study on UL WUS configuration among the following options:
· Option 1: Pre-defined UL WUS configuration
· Option 2: UL WUS configuration that applies to multiple NES cell 
· Option 3: UL WUS configuration that applies to a single NES cell


According to Option 1 the UL WUS configuration is pre-defined. Option 1 appears to be appropriate in scenarios where there is no assisting Cell A and the NES cell operates the feature itself. Then a pre-defined UL WUS configuration could be sufficient for network operation.  While it is straightforward to unambiguously standardize such an approach, yet this might lead to an inflexible number of reserved resources (e.g. PRACH preambles and RACH occasions). This is undesirable because the number of reserved resources could be either too many or too few than what is needed for a specific network deployment. In the former case, the standard is burdened excessively with unnecessary details, while in the latter very few options are available for efficient network configuration and management. The latter could even lead to an increase in the energy consumption if a cell is unintentionally woken up because it shares the same preamble with another cell.

[bookmark: _Toc163222067]Pre-defined UL WUS configuration leads to inflexible allocation of resources (e.g. PRACH preambles and RACH occasions) for the efficient operation of the on-demand SIB1 feature.

According to Option 2, UL WUS configuration may apply to multiple NES Cells. Option 2 risks waking up an unnecessarily large number of NES Cells, which will increase the network energy consumption. This is obviously against the focus of the current WI.

[bookmark: _Toc163222068]UL WUS configuration that applies to multiple NES cells can lead to that a UE wakes up NES Cells unnecessarily, which will increase the energy consumption.
Option 3 appears to be the most appropriate UL WUS setup, since it is sufficiently frugal in terms of the number of NES Cells that need to wake up, but at the same time it is sufficiently flexible for several network operating conditions.

[bookmark: _Toc163222077]UL WUS configuration should apply to a single NES cell.

2.4	Triggering conditions
RAN1#116 agreement:
Agreement
· For the further study of on-demand SIB1 for idle/inactive mode UE, RAN1 to discuss triggering conditions for sending UL-WUS.


It is important to determine the most appropriate conditions that could trigger the UE to send an UL WUS for on-demand SIB1 transmission. In one scenario, the UE requests on-demand SIB1 when it has data to transmit. In another scenario, the UE requests on-demand SIB1 to camp on the cell.

UE requests on-demand SIB1 when there is data to transmit:
In this scenario the UE requests on-demand SIB1 with the intention to establish a connection and immediately transmit the data traffic waiting in its buffer. However, it could happen that upon reception of the on-demand SIB1, the UE decodes that it is not allowed in the cell. In this case, the UE must search for some other cell to off-load the available traffic. Since the cell search can take some time, there will be a latency in data transmission, even to the point that the UE risks buffer overflow if more data arrives and/or the waiting time in the buffer increases. 

UE requests on-demand SIB1 to camp on the NES cell:
If the UE requests on-demand SIB1 to camp on the NES Cell when there is not (yet) any data to transmit, then potential issues with the UE not being allowed in the cell can be resolved in a timely manner and there is no additional delay for acquiring SIB1 when there is data to be transmitted. Camping on a NES Cell might not be ideal for the purpose of energy savings since certain transmissions from the cell towards a UE happen when the UE is in idle/inactive mode. However, in low/medium load conditions it is expected that these transmissions will not increase the energy consumption substantially. The NES feature is anyway not expected to be used in high loads, where many UEs could camp/connect on the same cell.

If UEs are not allowed to camp on a NES Cell, this may require special handling in various error cases that requires involvement from other RAN groups. In the interest to keep the specification impact of the feature minimal (given the limited gains, see Observation 1) we propose that camping should be allowed on NES Cells (just like for other cells).

[bookmark: _Toc163222069]Requesting on-demand SIB1 when there is an imminent need for connection to the NES Cell can be risky and lead to an increased connection/data transmission latency for the UE.
[bookmark: _Toc163222078]UEs should be allowed to camp on the NES cell.
2.5	Other Issues
RAN1#116 agreement:
Agreement
· For the study of on-demand SIB1 for idle/inactive mode UE, RAN1 to further study whether feedback from gNB in response to the SIB1 request is supported including associated details.


If, as we propose, the on-demand SIB1 request will be based on legacy RA procedures, then the requesting UE will receive response in message 2 (for a two-step-based RA procedure) or in message 4 (for a four-step-based RA procedure), to proceed with on-demand SIB1 acquisition. In line with the legacy RA procedure, no feedback from the side of the network should be required. Upon failure of the on-demand SIB1 delivery and after the expiry of some timer, it should be left to the UE implementation whether a new on-demand SIB1 is requested and when that should happen. 

[bookmark: _Toc163222079]In line with legacy RA procedures, the gNB is not expected to provide explicit feedback in response to a SIB1 request that is not accommodated.
Conclusion
In the previous sections we made the following observations: 
Observation 1	The NES gains for on-demand SIB1 transmissions over reference (SIB1 periodicity of 160ms) are as follows:  1% gain for single SSB, 3%~4% for four SSBs, 5%~7% for eight SSBs
Evaluated settings: SSB/PRACH periodicities of 20ms/20ms and 20ms/160ms, BS energy consumption models CAT1 and CAT2, and no load.
Observation 2	For Option 2 and Option B there need to be a Cell A with coverage that extends the coverage of the NES cell, this limits the deployments where the feature can be used.
Observation 3	The MIB can be used indicate to UEs that SIB1 can be requested on-demand.
Observation 4	Carrying full information related to on-demand SIB1 configuration (e.g. UL WUS configuration, etc) in the very limited available information elements of the MIB seems infeasible.
Observation 5	On-demand SIB1 configuration can be provided in the SI of Cell A or by RRC messaging with Cell A.
Observation 6	Having the UE send UL WUS to Cell A is a more complex solution that can lead to increased signalling between the NES cell and Cell A and require additional solutions to ensure that Cell A and the NES cell has consistent information regarding the SIB1.
Observation 7	When SIB1 is provided by the NES cell, its content is always expected to be up to date.
Observation 8	Legacy procedures to request Other SI on-demand are: Option 1) Two-step-based RA procedure with a preamble that is specifically reserved for the on-demand SIB1. Option 2) Four-step-based RA procedure with a random preamble and contention resolution.
Observation 9	Compared to the two-step-based RA procedure with, the four-step-based RA procedure where MSG3 is used for on-demand SIB1 leads to increased latency and it anyway needs a configuration for the first message.
Observation 10	Pre-defined UL WUS configuration leads to inflexible allocation of resources (e.g. PRACH preambles and RACH occasions) for the efficient operation of the on-demand SIB1 feature.
Observation 11	UL WUS configuration that applies to multiple NES cells can lead to that a UE wakes up NES Cells unnecessarily, which will increase the energy consumption.
Observation 12	Requesting on-demand SIB1 when there is an imminent need for connection to the NES Cell can be risky and lead to an increased connection/data transmission latency for the UE.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Given the limited NES gains of the on-demand SIB1 feature and the fact that it makes the cell inaccessible for legacy UEs, only simple solutions that require minimal standardization changes should be considered.
Proposal 2	Study further how a UE can learn that SIB1 is provided on-demand for a NES cell.
Proposal 3	A UE that is not already camping on the NES cell can obtain the UL WUS configuration for the NES cell from cell A.
Proposal 4	Provisioning of update of UL WUS configuration is done by the cell in which the UE is camping.
Proposal 5	UE transmits UL WUS to NES Cell.
Proposal 6	The NES cell transmits its SIB1 in response to UL WUS from a UE.
Proposal 7	For UL WUS design and on-demand SIB1 request, use PRACH preambles that are configured as part of the UL-WUS configuration.
Proposal 8	UL WUS configuration should apply to a single NES cell.
Proposal 9	UEs should be allowed to camp on the NES cell.
Proposal 10	In line with legacy RA procedures, the gNB is not expected to provide explicit feedback in response to a SIB1 request that is not accommodated.
[bookmark: _In-sequence_SDU_delivery]
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Appendix A: Detailed results on NES gain potential

A.1	CAT 1 Energy consumption model
[image: A graph of energy profile

Description automatically generated with medium confidence]
Figure 2 Simulations for energy consumption comparison between various setups based on the CAT1 energy consumption model in comparison with a reference including SSB/SIB1/PRACH with 20/160/20 ms periodicity respectively (on the left) with single beam. Note ‘No SIB1’ would refer to ‘on-demand/No SIB1’ case.
[image: A graph of energy efficiency
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Figure 3 Simulations for energy consumption comparison between various setups based on the CAT1 energy consumption model in comparison with a reference including SSB/SIB1/PRACH with 20/160/20 ms periodicity respectively (on the left) with four beams. Note ‘No SIB1’ would refer to ‘on-demand/No SIB1’ case.
[image: A graph of energy efficiency
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Figure 4 Simulations for energy consumption comparison between various setups based on the CAT1 energy consumption model in comparison with a reference including SSB/SIB1/PRACH with 20/160/20 ms periodicity respectively (on the left) with eight beams. Note ‘No SIB1’ would refer to ‘on-demand/No SIB1’ case.
A.2	CAT 2 Energy consumption model
Table 2: Comparison of NES gains for single beam four beam and eight beam cases for SIB1 with 20ms, 40 ms and 160ms (reference) periodicities and On-demand/no SIB1. Empty cell load, CAT 2.
	Energy Consumption model and SSB/PRACH periodicity
	SIB1 periodicity
	NES Gains

	
	
	1 SSB
	4 SSB
	8 SSB

	CAT2, 20/20 ms
	Case A (20 ms)
	-5%
	-20%
	-37%

	
	Case D (40 ms)
	-2%
	-9%
	-16%

	
	Case C (160 ms, reference)
	0
	0
	0

	
	Case 1 (No SIB1)
	1%
	3%
	5%

	CAT2, 20/160 ms
	Case A (20 ms)
	-5%
	-20%
	-37%

	
	Case D (40 ms)
	-1%
	-9%
	-16%

	
	Case C (160 ms, reference)
	0
	0
	0

	
	Case 1 (No SIB1)
	1%
	3%
	5%
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Figure 5 Simulations for energy consumption comparison between various setups based on the CAT2 energy consumption model in comparison with a reference including SSB/SIB1/PRACH with 20/160/20 ms periodicity respectively (on the left) with single beam. Note ‘No SIB1’ would refer to ‘on-demand/No SIB1’ case.
[image: A graph of energy efficiency
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Figure 6 Simulations for energy consumption comparison between various setups based on the CA21 energy consumption model in comparison with a reference including SSB/SIB1/PRACH with 20/160/20 ms periodicity respectively (on the left) with four beams. Note ‘No SIB1’ would refer to ‘on-demand/No SIB1’ case.

[image: A graph of energy levels

Description automatically generated with medium confidence]
Figure 7 Simulations for energy consumption comparison between various setups based on the CAT2 energy consumption model in comparison with a reference including SSB/SIB1/PRACH with 20/160/20 ms periodicity respectively (on the left) with eight beams. Note ‘No S IB1’ would refer to ‘on-demand/No SIB1’ case.
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