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Introduction
In the RAN1 #116 meeting, the agreements listed in appendix on on-demand SIB1 were achieved [1]. 
In this contribution, we further share our views on procedures and signaling design on on-demand SIB1 for UEs in idle/inactive state.

On unified framework for common channel adaptation
As we proposed in [2], we propose to jointly design the adaptation for SIB1, SSB, PO and PRACH, which covers both 9.5.2 and 9.5.3. As illustrated in Figure.1 and Table.1, multi-cell deployment should be focused on.
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Figure.1 Multi-cell deployment for common channel adaptation

Table.1 RRC states handling of Cell A and NES cell
	
	Legacy UEs
	New UEs

	Cell A
	IDLE/INACTIVE/CONNECTED
	IDLE/INACTIVE/CONNECTED

	NES Cell
	Not supported
	CONNECTED



Cell A should support IDLE/INACTIVE UEs with backward compatible manner. As the resource overhead is not scaled with the number of camped UEs, all legacy and new release IDLE/INACTIVE UEs should be accumulated and camp in Cell A for network energy saving.
NES Cell should at least focus to serve CONNECTED UEs for maximize NES gain, i.e., to activate NES Cell should target for IDLE/INACTIVE UEs intending for RRC connection for serving the traffic i.e. for PDU Session Establishment procedure than Registration Request. By limiting CONNECTED UEs with serving the traffic instead of just registration update, common channel transmission can be required transmission for identified UEs only. To support IDLE/INACTIVE UEs means constant periodic transmissions as the network does not always aware the camping UEs. In the case of NES cell to switch on SIB1 to accommodate more IDLE/INACTIVE UEs to camp, it should be the case that Cell A is not sufficient to camp.

Proposal 1: Although discussion is separate for 9.5.2 and 9.5.3, we propose to pursue a unified framework to accommodate common channel adaptation for SIB1, SSB, PO and PRACH, which would provide more promising NES gain.
Proposal 2: To activate NES cell should prioritize the case for RRC connection for the traffic. For the case to activate NES cell for IDLE/INACTIVE UEs to camp, it should be the case that Cell A is not sufficient to camp.

Evaluation on NES gain with on-demand SIB1 for idle/inactive mode UE
 Following non-NES cells are baselines in RAN1#116 agreement.
· 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

The NES cell is case 1 in RAN1#116 agreement.
· Case 1: 20ms SSB period with no SIB1 transmitted.

The evaluation assumptions are shown in Table 2.

Table.2 Evaluation assumptions for NES gain
	BS category
	BS category 1

	Reference configuration for BS power consumption model
	Set 1 FR1 (TDD SCS 30kHz) in 38.864

	TDD pattern
	DDDSU (slot based in SCS 30kHz)

	load
	Empty load

	The number of SSB indexes
	1, 4, 7

	SSB pattern
	Case C

	SSB/CORESET0 multiplexing pattern
	Pattern 1

	PRACH monitoring period for non-NES cell
	20msec / 160msec for a SSB index
An SSB and a PRACH timedomain are 1 to 1 mapping.

	RACH preamble foramt
	A3 

	UL WUS momitorign period for NES cell
	20msec / 160msec for an SSB / No



In this evaluation, an SSB index and a PRACH time domain occasion are assumed as1 to 1 mapping. When 4 SSB indexes are configured, 4 PRACH time domain occasions are configured within 20/160msec based on current PRACH configuration. In TDD pattern with DDDSU (slot based in SCS 30kHz), there is no sufficient resource for the 8th SSB in the S slot. Therefore, we used 7 SSB indexes instead of 8 SSB indexes in the evaluations.

Table 3 shows the gain of NES cell with/without WUS compared to the baselines. The average power consumption is shown in appendix. The WUS periodicity is same as PRACH periodicity. For NES cell with WUS, the power saving gain is due to no SIB1 transmission. For the cases without WUS, more gain is observed due to no WUS monitoring duration and thus the chance and duration of light sleep (>=6msec) is longer. For larger number of SSB indexes, skipping SIB transmission and WUS reception is more effective for NES gain.


Table.3 The gain of NES cell with/without WUS compared to the baselines.
	The number of 
SSB indexes
	Baseline
	non-NES cell with 20msec PRACH/
NES cell with 20msec WUS

	non-NES cell with 160msec PRACH/
NES cell with 160msec WUS

	non-NES cell with 20msec PRACH/
NES cell without WUS
	non-NES cell with 160msec PRACH/
NES cell without WUS

	1
	Case A
	21.2%
	22.3%
	26.9%
	23.2%

	
	Case D
	11.9%
	12.6%
	18.2%
	13.6%

	
	Case C
	3.3%
	3.5%
	10.1%
	4.6%

	4
	Case A
	22.1%
	27.5%
	42.6%
	28.7%

	
	Case D
	12.4%
	15.9%
	35.5%
	17.3%

	
	Case C
	3.4%
	4.5%
	28.9%
	6.1%

	7
	Case A
	13.3%
	31.3%
	50.2%
	33.2%

	
	Case D
	7.1%
	18.5%
	46.7%
	20.8%

	
	Case C
	1.9%
	5.4%
	43.7%
	8.0%




Form this evaluation result for empty load, we observed SIB1 and WUS skipping is effective for larger number of SSB indexes. Although related to the discussion in section 4, option 2 as UE transmits UL WUS to Cell A and option B as UE obtains the UL WUS configuration from Cell A has more NES gain.

Observation 1: For empty load, SIB1 and WUS skipping is effective to show NES gain for larger number of SSB indexes.
Discussion on single cell and multi-cell operation
In previous meeting, below agreements were achieved for single cell and multi-cell operation for on-demand SIB1.
	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



Depending on which target cell UE transmits UL WUS to and which cell provides UL WUS configuration, single cell and multi-cell operations may be possible in different scenarios.
Single cell operation
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Figure.2 Single cell operation with Option 1 + Option A

As discussed in section 2, our view is to prioritize multi-cell deployment. In case of single cell operation, a NES cell provides UL WUS configuration to the UE and receives the UL WUS without any assistance from Cell A or even in absence of Cell A. The NES cell must be transmitting SSB periodically to be discovered by UE and standing by to receive the UL WUS. If SSB transmission periodicity is 160 ms or less, the NES Cell can be said as backward compatible, but we expect NES gain is less. If SSB transmission periodicity is more than 160 ms, the cell is not backward compatible. We expect more NES gain but how to manage legacy UEs is the issue. 

Observation 2: In case of single cell operation, a NES cell must transmit SSB periodically, provide UL WUS configuration to the UE and standby to receive UL WUS thereby limiting the NES gain. If SSB periodicity is more than 160ms, more NES gain can be expected but it is not backward compatible and how to handle legacy UEs is the issue.


Multi-cell operation
[image: A diagram of cell a and a nes

Description automatically generated][image: A diagram of cell a and a cell a

Description automatically generated]
a. NES cell is within coverage of Cell A		b. NES cell and Cell A have similar coverage.
Figure.3 Multi-cell operation for on-demand SIB1 with Option 1/2 + Option B

In case of multi cell operation where NES cell is a part of coverage of Cell A or have similar coverage as Cell A then UE can receive UL WUS configuration from Cell A. After obtaining UL WUS configuration from Cell A (Option B), UE can transmit UL WUS to either Cell A (Option 2) or NES cell (Option 1) for the utilization of NES Cell.

The case where UE receives UL WUS configuration from Cell A and subsequently transmits UL WUS to Cell A (Option B + Option 2) will allow NES cell to have longer sleep time and is better in terms of NES gain as shown in evaluation results in section 3. This is the case NES cell and Cell A has similar coverage. Once the UE utilize NES cell and is connected in the NES cell for longer time, it is better for the UE to receive update/reconfigurations of UL WUS (and other SIBs) from NES cell itself avoiding frequent switching between NES cell and Cell A.

When NES cell is a part of coverage of Cell A, there can be multiple of NES Cells in the coverage of Cell A and/or certain location may not be covered by NES Cell. Then it is more suitable that UE receives UL WUS configuration from Cell A and subsequently transmits UL WUS to NES Cell (Option B + Option 1) in order to judge which NES Cell to be utilize or whether UE is within NES cell coverage. Note that as UE is not able to distinguish NES cell and Cell A has similar coverage or not, some signaling would be required. 

Observation 3: Multi-cell operation offers better NES gain opportunities.
Observation 4: The option that UE receives UL WUS configuration from Cell A and transmits UL WUS to Cell A requesting SIB 1 of NES cell provides better NES gain when NES cell and Cell A has similar coverage.
Observation 5: Once the UE utilize NES cell and is connected in the NES cell for longer time, it is better for the UE to receive update/reconfigurations of UL WUS (and other SIBs) from NES cell itself avoiding frequent switching between NES cell and Cell A.
Observation 6: Directly sending UL WUS to NES cell would be required for the case NES Cell is within the coverage of Cell A in order to judge which NES cell UE is located and whether UE is within NES coverage.

Proposal 3: For multi-cell operation of on-demand SIB1, UL WUS configuration can be from Cell A when NES Cell is inactive. When NES Cell is active, UL WUS configuration can be from NES Cell. 
Proposal 4: When NES cell and Cell A have similar coverage in some co-located case, UL WUS should be transmitted to Cell A. When NES cell is within coverage of Cell A, for example, in some non-co-located case, UL WUS should be transmitted to NES Cell.
On UL WUS and related procedure design
	Agreement
For the further study of on-demand SIB1 for idle/inactive mode UE, RAN1 to discuss triggering conditions for sending UL-WUS.



There are two triggering condition for sending UL-WUS as described below. 

- Condition 1: To request to provide On-demand SIB1 of NES Cell when the network does not provide On-demand SIB1 of NES
On-demand SIB1 of NES Cell can be sent by the decision of the network. Therefore, if the network already provided On-demand SIB1 of NES Cell, this condition is not required to be utilized. If network does not provide On-demand SIB1 of NES Cell, UE may request to provide On-demand SIB1 of NES Cell. If On-demand SIB1 of NES Cell is provided by Cell A, UE transmits UL WUS to Cell A.

- Condition 2: To request to utilize NES Cell when NES Cell is not active except possible periodic SSB transmission for NES cell coverage identification
As proposed in the section 2, we intend to utilize NES Cell active for RRC CONNECTED UEs for the traffic. In addition, as we proposed in section 4.3, when NES cell and Cell A have similar coverage, UL WUS should be transmitted to Cell A. When NES cell is within coverage of Cell A, UL WUS should be transmitted to NES Cell. Therefore, our proposal of condition is following.
- When NES cell and Cell A have similar coverage, UL WUS to utilize NES Cell is sent to Cell A when UE intends for PDU Session Establishment procedure as the traffic.
- When NES cell is coverage of Cell A, UL WUS to utilize NES Cell is sent to NES Cell when UE intends for PDU Session Establishment procedure as the traffic.

Proposal 5: UL-WUS to request to provide On-demand SIB1 of NES Cell is sent when On-demand SIB1 of NES Cell is not send but UE needs the information of On-demand SIB1 of NES Cell.

Proposal 6: UL-WUS to request to utilize NES Cell when NES Cell is not active, except possible periodic SSB transmission for NES cell coverage identification, is sent when UE intends for PDU Session Establishment procedure for the traffic. 

	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

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.



In the previous meeting it was agreed to consider at least PRACH as the starting point for UL WUS design. In our view, for UL WUS transmission, both Msg 1 and Msg 3 should be considered and discussed. 
· For Msg 1, as mentioned by the FFS bullet in the agreement, depending on the concrete design, dedicated PRACH resource may lead to additional overhead, especially for UL WUS configuration that applies to multiple NES cells.
· For Msg 3, no dedicated PRACH resource for SIB1 request is needed. The specification impact can be less.
Even if UL WUS is Msg3, gNB monitors only Msg1. Therefore, NES gain is same for UL WUS is Msg1 and WUS is Msg3.

For potential feedback from gNB in response to the On-demand SIB1 request of NES Cell,
· The SIB1 transmission itself can work as a feedback. When on-demand SIB1 is for UE cell reselection to camp, SIB1 itself can be a feedback, which provides good reliability.

For potential feedback from gNB in response to request to utilize NES Cell, further discussion would be necessary.

Proposal 7: To use Msg 3 as UL WUS should be supported.
Proposal 8: When UL-WUS requests to provide On-demand SIB1 of NES Cell, SIB1 transmission itself serves as gNB feedback in response to SIB1 request. 

Conclusion
Based on the discussion, the following proposals are highlighted: 
Proposal 1: Although discussion is separate for 9.5.2 and 9.5.3, we propose to pursue a unified framework to accommodate common channel adaptation for SIB1, SSB, PO and PRACH, which would provide more promising NES gain.
Proposal 2: To activate NES cell should prioritize the case for RRC connection for the traffic. For the case to activate NES cell for IDLE/INACTIVE UEs to camp, it should be the case that Cell A is not sufficient to camp.
Observation 1: For empty load, SIB1 and WUS skipping is effective to show NES gain for larger number of SSB indexes.
Observation 2: In case of single cell operation, a NES cell must transmit SSB periodically, provide UL WUS configuration to the UE and standby to receive UL WUS thereby limiting the NES gain. If SSB periodicity is more than 160ms, more NES gain can be expected but it is not backward compatible and how to handle legacy UEs is the issue.
Observation 3: Multi-cell operation offers better NES gain opportunities.
Observation 4: The option that UE receives UL WUS configuration from Cell A and transmits UL WUS to Cell A requesting SIB 1 of NES cell provides better NES gain when NES cell and Cell A has similar coverage.
Observation 5: Once the UE utilize NES cell and is connected in the NES cell for longer time, it is better for the UE to receive update/reconfigurations of UL WUS (and other SIBs) from NES cell itself avoiding frequent switching between NES cell and Cell A.
Observation 6: Directly sending UL WUS to NES cell would be required for the case NES Cell is within the coverage of Cell A in order to judge which NES cell UE is located and whether UE is within NES coverage.
Proposal 3: For multi-cell operation of on-demand SIB1, UL WUS configuration can be from Cell A when NES Cell is inactive. When NES Cell is active, UL WUS configuration can be from NES Cell. 
Proposal 4: When NES cell and Cell A have similar coverage in some co-located case, UL WUS should be transmitted to Cell A. When NES cell is within coverage of Cell A, for example, in some non-co-located case, UL WUS should be transmitted to NES Cell.
Proposal 5: UL-WUS to request to provide On-demand SIB1 of NES Cell is sent when On-demand SIB1 of NES Cell is not send but UE needs the information of On-demand SIB1 of NES Cell.
Proposal 6: UL-WUS to request to utilize NES Cell when NES Cell is not active, except possible periodic SSB transmission for NES cell coverage identification, is sent when UE intends for PDU Session Establishment procedure for the traffic. 
Proposal 7: To use Msg 3 as UL WUS should be supported.
Proposal 8: When UL-WUS requests to provide On-demand SIB1 of NES Cell, SIB1 transmission itself serves as gNB feedback in response to SIB1 request. 
Reference
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Appendix:


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




[bookmark: OLE_LINK190]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


Agreement
For the further study of on-demand SIB1 for idle/inactive mode UE, RAN1 to discuss triggering conditions for sending UL-WUS.


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.

Agreement
[bookmark: OLE_LINK163]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



The average power consumption for the number of SSB indexes =1,2 and 7.
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