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Introduction
It was agreed in WID [1] to specify on-demand SIB1 for UEs in idle/inactive state.
	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


According to SI stage, it is common understanding that on-demand SIB1 can enable a cell switching between on and off, which provides energy saving gain.

Scenarios
Scenarios were widely discussed in RAN1#116, and scenarios for heterogeneous deployment (i.e. cell A and NES cell) were agreed at first. 
	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



Triggering event
Triggering event could be cell re-selection or random access.
Table 1: Comparison between triggering events
	
	Cell re-selection
	Random access

	Energy saving gain
	Slightly smaller, since UE may perform cell re-selection often
	Slightly larger, since the target cell is turned on only when network decides to offload traffic

	Spec impact 
	Similar
Including UL WUS design, UL WUS configuration, and condition of UL WUS transmission
	Similar
Including UL WUS design, UL WUS configuration, and condition of UL WUS transmission (including gNB commands)


In our view, triggering event during random access is more reasonable. Hence, we will focus on triggering event during random access.
Proposal 1: Focus on triggering event during random access.

UL WUS transmission to NES cell or cell A
In RAN1#116 [2], it was agreed that UL WUS can be transmitted to NES cell or cell A.
	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


Further, in RAN1#116 [2], it was agreed that PRACH is starting point for UL WUS design.
	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



1.1 UL WUS transmission to NES cell
If UL WUS is PRACH, UE can transmit UL WUS to NES cell. Since UE has only coarse DL sync to NES cell and has no UL sync (no TA adjustment) to NES cell, transmitting PRACH to NES cell can handle UL interference and estimate TA value for early UL sync purpose. UL WUS (PRACH) transmission to NES cell can be illustrated in the following figure.
[image: ]
Figure 1: Illustration of UL WUS (PRACH) transmission to NES cell
Hence, we support UE can transmits PRACH to NES cell as shown above. It should be noted that feedback (RAR) from NES cell needs configuration also, so feedback may not be necessary. 
Proposal 2: UE can transmits PRACH as UL WUS to NES cell.

1.2 UL WUS transmission to cell A
If UL WUS is PRACH, UE can transmits UL WUS to cell A, and cell A can indicates NES cell to switch on (if off) and then broadcast on-demand SIB1. UL WUS (PRACH) transmission to NES cell can be illustrated in the following figure.
[image: ]
Figure 2: Illustration of UL WUS (PRACH) transmission to cell A
Hence, we support UE can transmits PRACH to cell A.
Proposal 3: UE can transmits PRACH as UL WUS to cell A.
If UL WUS is Msg3, UE can also transmits UL WUS to cell A, and cell A can indicates NES cell to switch on (if off) and then broadcast on-demand SIB1. UL WUS (Msg3) transmission to NES cell can be illustrated in the following figure.
[image: ]
Figure 3: Illustration of UL WUS (Msg3) transmission to cell A
It can be observed that if Msg4 carries cell switch command, the above procedure is similar to R18 L1/L2 triggered mobility (LTM) defined in R18, since UE actually enter connected state after Msg4. In other words, R18 LTM may be reused. However, if R18 LTM is reused for fast NES cell switch on purpose, network energy saving is reduced and latency is too large. Therefore, whether UE can send Msg3 as UL WUS to cell is FFS.
Proposal 4: Whether UE can send Msg3 as UL WUS to cell A is FFS.

Evaluation of network energy saving gain
In RAN1#116 [2], assumptions for evaluation of on-demand SIB1 were agreed as follows.
	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


We evaluate an offloading case between cell A and NES cell similar to [3]. 
· NES cell is switched on for load balance purpose, when load in NES cell coverage increases as a hotspot.
· NES cell is switched off for energy saving purpose, when load in NES cell coverage drops.
Evaluation assumptions are listed as follows.
Table 2: Evaluation assumptions
	
	Scheme-0
	Scheme-1
	Scheme-2

	Duration in total
	160ms

	SSB burst periodicity
	20ms
	20ms
	NES cell: 160ms
Cell A: 20ms

	SIB1 repetition periodicity
	20ms
	20ms
	NES cell: No SIB1;
Cell A: 20ms

	Time resource for SSB and SIB1
	Two SSBs and the corresponding SIB1 share a slot
	Two SSBs and the corresponding SIB1 share a slot
	NES cell: Two SSBs share a slot
Cell A: Two SSBs and the corresponding SIB1 share a slot

	Frequency resource for SSB and SIB1
	SSB and SIB1 take 40 PRBs
	SSB and SIB1 take 40 PRBs
	NES cell: SSB takes 20 PRBs
Cell A: SSB and SIB1 take 40 PRB

	PF periodicity at gNB side
	Cell A: 20ms (T=1280ms, N=64)
NES cell: No paging
	Cell A: 20ms (T=1280ms, N=64)
NES cell: No paging
	NES cell: No paging
Cell A: 20ms (T=1280ms, N=64)

	OSI periodicity
	20ms
	20ms
	NES cell: No OSI;
Cell A: 20ms

	Time resource for paging and OSI
	Two OSIs and two POs (ideal assumption for simplicity) share a slot
	Two OSIs and two POs (ideal assumption for simplicity) share a slot
	NES cell: No paging or OSI;
Cell A: Two OSIs and two POs (ideal assumption for simplicity) share a slot

	Frequency resource for paging and OSI
	Paging and OSI take 40 PRBs
	Paging and OSI take 40 PRBs
	NES cell: No paging or OSI;
Cell A: Paging and OSI take 40 PRBs

	Load (traffic)
	There are 5% load (UE specific data) in 40 slots every 20ms. The load is FDMed with SSB/SIB1 or PO/OSI in 2 slots every 20ms
	NES cell: There are zero load. There are only SSB burst and SIB1 in 2 slots every 20ms.
Cell A: There are 10% load (UE specific data) every 20ms. The load is FDMed with SSB burst and SIB1 in 2 slots every 20ms.
	NES cell: There are zero load. There is an SSB burst in 1 slots every 20ms. There are no SIB1/OSI/paging.
Cell A: There are 10% load (UE specific data) every 20ms. The load is FDMed with SSB burst and SIB1 in 2 slots every 20ms.

	Common scaling factor in power model
	Sa=1, Sp=1, P_static=P3

	Different scaling factor in power model
	Sf≈0.21 in 2 slots every 20ms, and Sf≈0.05 in 38 slots every 20ms
	NES cell: Sf≈0.16
Cell A: Sf≈0.26 in 2 slots every 20ms, and Sf≈0.1 in 38 slots every 20ms
	NES cell: Sf≈0.05
Cell A: Sf≈0.26 in 2 slots every 20ms, and Sf≈0.1 in 38 slots every 20ms

	Sleep state
	No sleep (all slots are occupied)
	NES cell: for Cat 1 BS, light sleep in 38 slots every 40 slots; for Cat 2 BS, micro sleep in 38 slots every 40 slots
Cell A: No sleep
	NES cell: for Cat 1 BS, deep sleep in 319 slots in total 320 slots; for Cat 2 BS, micro sleep in 319 slots in total 320 slots
Cell A: No sleep


It should be noticed that we choose 160ms as SSB periodicity for NES cell when NES cell is “switched off”. In our view, NES cell cannot provide initial cell selection or cell re-selection or paging.
Proposal 5: For evaluation, consider 160ms as SSB periodicity for NES cell when NES cell is “switched off”.
Scheme-0 (no offloading) is shown in the following figure.
[image: ]
Figure 4: Scheme-0 (no offloading)
Scheme-1 (data offloading) is shown in the following figure.
[image: ]
(a) NES cell
[image: ]
(a) cell A
Figure 5: Scheme-1 (data offloading)
Scheme-2 (all offloading, i.e. NES cell only transmits SSB for neighboring cell measurement) is shown in the following figure.
[image: ]
(a) NES cell
[image: ]
(b) cell A
Figure 6: Scheme-2 (all offloading)
The evaluation results comparing scheme-0, scheme-1 and scheme-2 are shown in the following table.
Table 3: Evaluation results comparing scheme-0, scheme-1 and scheme-2
	
	Scheme-0
	Scheme-1
	Scheme-2
	Energy saving gain comparing Scheme-1  and Scheme-0
	Energy saving gain comparing Scheme-2  and Scheme-0
	Additional energy saving gain comparing Scheme-2 and Scheme-1

	Set 1, Cat 1
	97811.2
	62051.2
	52536.35
	37%
	46%
	9%

	Set 1, Cat 2
	10894.208
	7646.368
	7476.299
	30%
	31%
	1%

	Set 2, Cat 1
	73740.8
	48620.8
	39743.9
	34%
	46%
	12%

	Set 2, Cat 2
	9043.712
	6469.952
	6475.226
	28%
	30%
	2%

	Set 3, Cat 1
	56043.008
	38948.608
	30525.344
	31%
	46%
	15%

	Set 3, Cat 2
	5982.7712
	4193.3952
	4884.7076
	30%
	32%
	2%


It can be observed that
· For Cat 2 BS, there is marginal additional energy saving gain.
· NES cell can only enter micro sleep. In fact, it can be observed that for Cat 2 BS even if there are 300 empty slots, BS cannot enter light sleep. From light sleep energy and transition energy in power model of SI, we guess only if there are 500 empty slots or above, Cat 2 BS may enter light sleep to achieve energy saving gain. To be honest, for all network energy saving techniques in slot level granularity, light sleep may applicable for Cat 2 BS.
· For Cat 1 BS, there is promising additional energy saving gain, and Set 3 > Set 2 > Set 1.
· NES cell can enter deep sleep
Observation 1: In our valuation, for Cat 1 BS, if SSB adaptation (on-demand) and on-demand SIB1 is jointly operated in NES cell, additional energy saving gain can be from 9% to 15%, compared to solely traffic offloading from NES cell to cell A.
Proposal 6: Capture in the evaluation results, for Cat 1 BS, joint operation of SSB adaptation (on-demand) and on-demand SIB1 provide about 9%~15% additional energy saving gain, compared to solely traffic offloading from NES cell to cell A.
[bookmark: _GoBack]From above observation, regarding SSB adaptation standardization is ongoing. We support on-demand SIB1 can enter normative work for standardization.
Proposal 7: On-demand SIB1 can enter normative work for standardization.

UL WUS configuration
In RAN1#116 [2], it was agreed that UL WUS can be configured by NES cell or cell A.
	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


For Option A, maybe UE can get UL WUS configuration from NES cell according SIB1 PDCCH or “fake SIB1” PDSCH. However, no matter transmission of SIB1 PDCCH or “fake SIB1” PDSCH by NES cell provides limited network energy saving gain, since NES cell should send PDCCH and/or PDSCH with SIB1 repetition periodicity, i.e. 20ms.
For Option B, it is natural way.
Therefore, we prefer Option B.
Proposal 8: For UL WUS configuration, Option B can be supported, i.e. UL WUS is configured by cell A.
In RAN1#116 [2], it was agreed that there are three options for UL WUS configuration.
	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


For Option 1 (Pre-defined UL WUS configuration), it seems that UL WUS can be network specific, e.g. common UL WUS occasions and common sequences with cell ID scrambled. However, it will cause some problems, e.g.
· Lack of flexibility, e.g. predefined UL WUS resource allocation
· Large spec impact, e.g. new sequence design
· High complexity at gNB, e.g. new sequence detection
If UL WUS is configured by cell A, it can be applied to multiple NES cells or single NES cell.
Proposal 9: If UL WUS is configured by cell A, it can be applied to multiple NES cells or single NES cell.

Conditions for UL WUS transmission
In RAN1#116 [2], it was agreed that conditions for UL WUS transmission can be studied.
	Agreement
For the further study of on-demand SIB1 for idle/inactive mode UE, RAN1 to discuss triggering conditions for sending UL-WUS.


In our view, if UL WUS is transmitted to NES cell, since UE may not construct fine DL sync to NES cell, UL WUS transmission may cause large UL interference to NES cell. If signal strength (e.g. RSRP/SINR) is high enough, UE can assume that fine DL sync to NES cell is constructed already, and UE can transmit PRACH in the corresponding resource to NES cell.
Proposal 10: If UL WUS is transmitted to NES cell, signal strength (e.g. RSRP/SINR) is high enough, UE can transmit PRACH in the corresponding resource to NES cell.

UL WUS design
Since preambles and PRACH occasions (time/frequency resource) are flexible enough, a segment from all preambles and PRACH occasions (ROs in short) can be used for UL WUS. The segment from all preamble is simpler than the segment from all ROs.
Proposal 11: A segment for all preambles can be used for UL WUS for on-demand SIB1.

Feedback from gNB
In RAN1#116 [2], it was agreed that feedback from gNB in response to the SIB1 request (UL WUS) could be studied.
	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 our view, if UL WUS is PRACH to NES cell, the feedback could be Msg2 (RAR), and NES cell can inform UE about the estimated TA.
If UL WUS is Msg3 to cell A, the feedback has to be Msg4, which may be too late since UE has entered connected state for cell A. 
For feedback from NES cell, how to configure feedback needs further study
Proposal 12: For support of feedback from NES cell, how to configure feedback needs further study.

[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]Conclusion
We have the following proposals.
Triggering event
Proposal 1: Focus on triggering event during random access.

UL WUS transmission to NES cell or cell A
Proposal 2: UE can transmits PRACH as UL WUS to NES cell.
Proposal 3: UE can transmits PRACH as UL WUS to cell A.
Proposal 4: Whether UE can send Msg3 as UL WUS to cell A is FFS.

Evaluation of network energy saving gain
Proposal 5: For evaluation, consider 160ms as SSB periodicity for NES cell when NES cell is “switched off”.
Proposal 6: Capture in the evaluation results, for Cat 1 BS, joint operation of SSB adaptation (on-demand) and on-demand SIB1 provide about 9%~15% additional energy saving gain, compared to solely traffic offloading from NES cell to cell A.

Proposal 7: On-demand SIB1 can enter normative work for standardization.

UL WUS configuration
Proposal 8: For UL WUS configuration, Option B can be supported, i.e. UL WUS is configured by cell A.
Proposal 9: If UL WUS is configured by cell A, it can be applied to multiple NES cells or single NES cell.

Conditions for UL WUS transmission
Proposal 10: If UL WUS is transmitted to NES cell, signal strength (e.g. RSRP/SINR) is high enough, UE can transmit PRACH in the corresponding resource to NES cell.

ULWUS design
Proposal 11: A segment for all preambles can be used for UL WUS for on-demand SIB1.

Feedback from gNB
Proposal 12: For support of feedback from NES cell, how to configure feedback needs further study.
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