3GPP TSG RAN WG1 #117	        	               R1-2404184
[bookmark: _Hlk117841894]Fukuoka City, Fukuoka, Japan, May 20th – 24th, 2024
Source: 	vivo
[bookmark: Title]Title:	Discussions on on-demand SIB1 for idle/inactive mode UEs
Agenda Item:	9.5.2	
[bookmark: DocumentFor]Document for:	Discussion and Decision
1. Introduction
In RAN1#116-bis meeting, some further agreements about on-demand SIB1 for idle/inactive mode UEs were approved [1], which includes the evaluation cases, potential target scenarios and the design of WUS signal, etc. Based on the agreements of the previous meetings, there are still some further issues needed to be addressed to ensure the feasibility of on-demand SIB1 for idle/inactive mode UEs.
2. [bookmark: _Hlk101275836]Discussion
This section will discuss more details about on-demand SIB1 for idle/inactive UEs. Firstly, the NES gain of on-demand SIB1 and UL-WUS is demonstrated. Secondly, the target scenarios and general procedure of on-demand SIB1 triggered by UL WUS are discussed. Finally, the specification impacts of on-demand SIB1 are analyzed, including WUS signal design, WUS configuration, WUS triggering conditions and UE behaviors after WUS transmission, etc.
2.1. Simulation results of on-demand SIB1
The following simulation assumptions for on-demand SIB1 for idle/inactive mode UE were agreed in RAN1#116-bis meeting.
	[bookmark: OLE_LINK34]Agreement
[bookmark: OLE_LINK28][bookmark: OLE_LINK24]Companies to report at least the following key settings used in the evaluation/simulation of achievable NES gain with on-demand SIB1 in idle/inactive mode
· Setting A: SIB1 period (20ms/40ms/160ms)
· Setting B1: Cell load (Empty/low/medium)
· Setting B2: Traffic model
· Setting C: SIB1 PDSCH time domain resource index in 38.214 Table 5.1.2.1.1-2
· Setting D: CORESET0/SSB multiplexing pattern including controlResourceSetZero (index) in 38.213 Table 13-6, and searchSpaceZero (index) in 38.213 Table 13-11
· Setting E: PRACH configurations (including PRACH configuration index in 38.211 Table 6.3.3.2-3) for WUS and initial/random access
· Setting F: Cat1/Cat2 BS
· Setting G: Number of SSB beams
· Setting H: NES gain/loss on Cell A
· Setting I: On-demand SIB1 transmission rate (how often UE requests on-demand SIB1)
Agreement
For further study of the NES gain/loss evaluation assumption on Cell A with on-demand SIB1 on NES cell for idle/inactive mode UE,
· Assume the following for network energy evaluation of Cell A in FR1:
· Company to report among empty/low/medium cell load as defined in 38.864
· Same Cat BS as the Non-NES cell
· 30kHz SCS, DDDSU TDD pattern
·  Same SSB period as the Non-NES cell and company to report SIB1 period
· Same number of SSBs in a SSB burst as the Non-NES cell with SSB pattern case C
· 20ms PRACH configuration periodicity for WUS and/or initial access RACH and company to report RACH configuration index in 38.211 Table 6.3.3.2-3
· Same SSB/CORESET0 multiplexing pattern and same SIB1 PDSCH time domain resource allocation as the Non-NES cell
· Same traffic model as the Non-NES cell
· Companies to report the assumption of WUS configuration provision or UL WUS monitoring or on-demand SIB1 transmission on Cell A if Case 2 (Option 1+B+X) or Case 3 (Option 2+B+Y) is considered


In RAN1#116-bis meeting, it is agreed that companies are required to report the configuration settings in the evaluation of on-demand SIB1 for idle/inactive mode UE. In addition, the NES gain/loss of Cell A also needs to be evaluated together. Our configuration settings in the evaluation are shown in the following table.
Table 1. The configuration settings of on-demand SIB1 evaluation
	Setting A 
(SIB1 period)
	Setting B1
(Cell load)
	Setting B2 
(Traffic model)
	Setting C 
(Row index, S, L) 
	Setting D  
(CORESET#0, SS#0)
	Setting E
(PRACH configuration index)
	Setting F 
(BS power model)
	Setting G
(Number of SSB beams)
	Setting I 
(On-demand SIB1 transmission rate)

	[bookmark: RANGE!B2]20ms, 40ms, 160ms
	[bookmark: RANGE!C2]Empty, low, light, medium
	FTP3
	[bookmark: RANGE!F2](1, 2, 12)
	(6, 4)
	0, 5, 17
	[bookmark: RANGE!J2]Cat 1
	4, 8
	0%, 10%


To be specific, for common SSB/SIB1 configuration, the time resource of each SSB is 4 symbols and the frequency resource are 20 RBs. The number of SIB1 in a period is the same as SSB, and each SIB1 (include SIB1 PDCCH and SIB1 PDSCH) has a time resource of 14 symbols and a frequency resource of 48 RBs. SSB and SIB1 transmitted in TDM manner, with SSB in the first 5ms of a frame and SIB1 in the last 5ms of a frame, as exemplified in Figure 1.


[bookmark: _Ref166159962]Figure 1. The illustration of SSB and SIB1 pattern (number of SSB beams = 4)
Besides, in our evaluation assumptions, the on-demand SIB1 transmission rate X% is modelled as the number of SIB1 transmission occasions of NES cell is X% of that of non-NES cell. Taking 10% on-demand SIB transmission rate and the SIB1 period of 20ms as an example, there are 50*(number of SSB) SIB1 transmission occasions of non-NES cell in 1 second, while the SIB1 occasions for NES cell is 10% of that of non-NES cell, that is 5*(number of SSB). 
In case of no UL WUS configuration, 48 PRBs are used for the SIB1 of Cell. For the UL WUS configuration by Cell A, it is carried by the SIB1 of Cell and two additional RBs for SIB1 of cell A is assumed, which means that the SIB1 of cell A accounts for 50 RBs at this case. 
We evaluate both the case of 20ms SSB period that is widely used in real deployment, and the case with the largest SSB and SIB1 period supported by current specification, i.e., 160ms SSB and 160ms SIB1. Other simulation assumptions can be found in Appendix A. The NES gain of NES cell and Cell A are shown in the following table.
· NES Cell
[bookmark: _Ref166167522]Table 2. NES gain of NES cell in zero load
	SSB period
	SSB number
	SIB1 period
	PRACH configuration index
	10% On-demand SIB1 transmission rate
	0% On-demand SIB1 transmission rate

	20ms
	4
	20ms
	0
	33.11%
	36.62%

	
	
	
	5
	22.16%
	25.24%

	
	
	
	17
	12.85%
	14.19%

	
	
	40ms
	0
	20.09%
	22.25%

	
	
	
	5
	12.67%
	14.44%

	
	
	
	17
	6.92%
	7.63%

	
	
	160ms
	0
	5.80%
	6.33%

	
	
	
	5
	3.55%
	4.05%

	
	
	
	17
	1.83%
	2.02%

	
	8
	20ms
	0
	41.07%
	45.78%

	
	
	
	5
	35.01%
	39.37%

	
	
	
	17
	20.68%
	22.98%

	
	
	40ms
	0
	26.08%
	29.16%

	
	
	
	5
	21.79%
	24.51%

	
	
	
	17
	11.68%
	12.98%

	
	
	160ms
	0
	7.17%
	8.01%

	
	
	
	5
	6.67%
	7.51%

	
	
	
	17
	3.24%
	3.59%

	160ms
	4
	160ms
	0
	16.96%
	18.51%

	
	8
	160ms
	0
	21.16%
	23.85%



Table 3. NES gain of NES cell in low load
	SSB period
	SSB number
	SIB1 period
	PRACH configuration index
	10% On-demand SIB1 transmission rate
	0% On-demand SIB1 transmission rate

	20ms
	4
	20ms
	0
	25.66%
	29.54%

	
	
	
	5
	19.90%
	23.11%

	
	
	
	17
	11.94%
	13.47%

	
	
	40ms
	0
	14.70%
	17.41%

	
	
	
	5
	11.21%
	13.29%

	
	
	
	17
	6.39%
	7.36%

	
	
	160ms
	0
	4.05%
	5.46%

	
	
	
	5
	3.09%
	4.10%

	
	
	
	17
	1.69%
	2.19%

	
	8
	20ms
	0
	36.57%
	41.45%

	
	
	
	5
	32.25%
	36.62%

	
	
	
	17
	19.39%
	21.79%

	
	
	40ms
	0
	22.51%
	25.96%

	
	
	
	5
	19.68%
	22.58%

	
	
	
	17
	10.86%
	12.35%

	
	
	160ms
	0
	5.92%
	7.53%

	
	
	
	5
	5.91%
	7.16%

	
	
	
	17
	2.99%
	3.63%

	160ms
	4
	160ms
	0
	4.26%
	5.74%

	
	8
	160ms
	0
	6.53%
	8.33%



Table 4. NES gain of NES cell in light load
	SSB period
	SSB number
	SIB1 period
	PRACH configuration index
	10% On-demand SIB1 transmission rate
	0% On-demand SIB1 transmission rate

	20ms
	4
	20ms
	0
	13.37%
	15.67%

	
	
	
	5
	11.02%
	12.46%

	
	
	
	17
	7.60%
	8.42%

	
	
	40ms
	0
	7.41%
	8.87%

	
	
	
	5
	5.82%
	6.86%

	
	
	
	17
	4.01%
	4.41%

	
	
	160ms
	0
	1.75%
	2.64%

	
	
	
	5
	1.69%
	1.86%

	
	
	
	17
	1.08%
	1.16%

	
	8
	20ms
	0
	21.66%
	25.04%

	
	
	
	5
	19.26%
	22.03%

	
	
	
	17
	12.80%
	14.22%

	
	
	40ms
	0
	12.12%
	14.22%

	
	
	
	5
	10.53%
	12.22%

	
	
	
	17
	6.86%
	7.64%

	
	
	160ms
	0
	2.56%
	3.55%

	
	
	
	5
	2.81%
	3.03%

	
	
	
	17
	1.83%
	2.03%

	160ms
	4
	160ms
	0
	1.79%
	2.69%

	
	8
	160ms
	0
	2.69%
	3.71%



Table 5. NES gain of NES cell in medium load
	SSB period
	SSB number
	SIB1 period
	PRACH configuration index
	10% On-demand SIB1 transmission rate
	0% On-demand SIB1 transmission rate

	20ms
	4
	20ms
	0
	7.06%
	8.14%

	
	
	
	5
	6.00%
	6.45%

	
	
	
	17
	4.67%
	4.88%

	
	
	40ms
	0
	3.35%
	4.10%

	
	
	
	5
	2.77%
	3.45%

	
	
	
	17
	2.38%
	2.50%

	
	
	160ms
	0
	0.80%
	0.92%

	
	
	
	5
	0.67%
	0.76%

	
	
	
	17
	0.59%
	0.63%

	
	8
	20ms
	0
	12.45%
	13.63%

	
	
	
	5
	11.50%
	12.70%

	
	
	
	17
	7.42%
	8.20%

	
	
	40ms
	0
	6.49%
	6.82%

	
	
	
	5
	5.62%
	6.39%

	
	
	
	17
	3.87%
	4.18%

	
	
	160ms
	0
	1.24%
	1.78%

	
	
	
	5
	1.23%
	1.51%

	
	
	
	17
	0.97%
	1.04%

	160ms
	4
	160ms
	0
	0.11%
	0.38%

	
	8
	160ms
	0
	0.71%
	1.02%


[bookmark: _Ref158052717]
· Cell A
Table 6. NES gain of Cell A in low load
	SSB period
	SSB number
	SIB1 period
	PRACH configuration index
	NES gain

	20ms
	4
	20ms
	0
	-0.162%

	
	
	
	5
	-0.157%

	
	
	
	17
	-0.115%

	
	
	40ms
	0
	-0.095%

	
	
	
	5
	-0.089%

	
	
	
	17
	-0.061%

	
	
	160ms
	0
	-0.027%

	
	
	
	5
	-0.024%

	
	
	
	17
	-0.016%

	
	8
	20ms
	0
	-0.253%

	
	
	
	5
	-0.245%

	
	
	
	17
	-0.200%

	
	
	40ms
	0
	-0.160%

	
	
	
	5
	-0.150%

	
	
	
	17
	-0.112%

	
	
	160ms
	0
	-0.050%

	
	
	
	5
	-0.045%

	
	
	
	17
	-0.031%

	160ms
	4
	160ms
	0
	-0.029%

	
	8
	160ms
	0
	-0.055%



[bookmark: _Ref166253948][bookmark: _Ref166265360]Table 77. NES gain of Cell A in medium load
	SSB period
	SSB number
	SIB1 period
	PRACH configuration index
	NES gain

	20ms
	4
	20ms
	0
	-0.051%

	
	
	
	5
	-0.048%

	
	
	
	17
	-0.042%

	
	
	40ms
	0
	-0.026%

	
	
	
	5
	-0.025%

	
	
	
	17
	-0.022%

	
	
	160ms
	0
	-0.007%

	
	
	
	5
	-0.006%

	
	
	
	17
	-0.006%

	
	8
	20ms
	0
	-0.095%

	
	
	
	5
	-0.090%

	
	
	
	17
	-0.083%

	
	
	40ms
	0
	-0.051%

	
	
	
	5
	-0.048%

	
	
	
	17
	-0.043%

	
	
	160ms
	0
	-0.014%

	
	
	
	5
	-0.013%

	
	
	
	17
	-0.011%

	160ms
	4
	160ms
	0
	-0.007%

	
	8
	160ms
	0
	-0.014%


[bookmark: _GoBack][bookmark: _Ref158137381]Based on the results in Table 2 to Table 7, we have following observations.
[bookmark: _Ref166255683]Observation 1: For NES cell, the case of 20ms SSB period and 20ms SIB1 period, in zero or low load, on-demand SIB1 can achieve NES gain of 13.47%-45.78% with on-demand SIB1 transmission rate of 0% and NES gain of 11.94%-41.07% with on-demand SIB1 transmission rate of 10% for prach configuration index of 0/5/17.
[bookmark: _Ref166255687]Observation 2: For NES cell, the case of 20ms SSB period and 40ms SIB1 period, in zero or low load, on-demand SIB1 can achieve NES gain of 7.36%-29.16% with on-demand SIB1 transmission rate of 0% and NES gain of 6.39%-26.08% with on-demand SIB1 transmission rate of 10% for prach configuration index of 0/5/17.
[bookmark: _Ref166255690]Observation 3: For NES cell, the case of 20ms SSB period and 20ms SIB1 period, in light or medium load, on-demand SIB1 can achieve NES gain of 4.88%-25.04% with on-demand SIB1 transmission rate of 0% and NES gain of 4.67%-21.66% with on-demand SIB1 transmission rate of 10% for prach configuration index of 0/5/17.
[bookmark: _Ref166255693]Observation 4: For NES cell, the case of 20ms SSB period and 40ms SIB1 period, in light or medium load, on-demand SIB1 can achieve NES gain of 2.50%-14.22% with on-demand SIB1 transmission rate of 0% and NES gain of 2.38%-12.12% with on-demand SIB1 transmission rate of 10% for prach configuration index of 0/5/17.
[bookmark: _Ref166255696]Observation 5: For NES cell, the case of 20ms SSB period and 160ms SIB1 period, in all load cases, on-demand SIB1 can achieve NES gain of 0.63%-8.01% with on-demand SIB1 transmission rate of 0% and NES gain of 0.59%-7.17% with on-demand SIB1 transmission rate of 10% for prach configuration index of 0/5/17. 
[bookmark: _Ref162948671]Observation 6: For NES cell, the case of 160ms SSB period and 160ms SIB1 period, in zero load, on demand SIB1 scheme can achieve NES gain of 18.51%-23.85% with on-demand SIB1 transmission rate of 0% and NES gain of 16.96%-21.16% with on-demand SIB1 transmission rate of 10% for prach configuration index of 0.
[bookmark: _Ref166255703]Observation 7: For NES cell, the case of 160ms SSB period and 160ms SIB1 period, in low ~ medium load, on demand SIB1 scheme can achieve NES gain of 0.38%-8.33% with on-demand SIB1 transmission rate of 0% and NES gain of 0.11%-6.53% with on-demand SIB1 transmission rate of 10% for prach configuration index of 0.
[bookmark: _Ref166255705]Observation 8: For Cell A in Case 2(Option 1+B+X), in all load cases, the cases of all SSB period and SIB1 period, the NES loss of Cell A is 0.006%-0.253%.
2.2. Target scenarios of on-demand SIB1
Three main cases about the assumptions of WUS transmissions, WUS configuration provision and OD-SIB1 reception were agreed in RAN1#116-bis meeting as shown in the following.
	Agreement
For the further study of on-demand SIB1 for idle/inactive mode UE, RAN1 focuses its studies on the following cases:
· Case 1: Option 1+A+X 
· Case 2: Option 1+B+X
· Case 3: Option 2+B+Y
Where the options 1/2/A/B/X/Y are defined below:
· On target cell of UL WUS transmission:
· [bookmark: OLE_LINK191]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
· [bookmark: OLE_LINK192]Option A: UE obtains the UL WUS configuration from NES Cell
· [bookmark: OLE_LINK283][bookmark: OLE_LINK277]Option B: UE obtains the UL WUS configuration from Cell A 
· On receiving of SIB1 
· Option X: UE receives on-demand SIB1 from NES Cell 
· Option Y: UE receives on-demand SIB1 from Cell A


[bookmark: _Ref162894133]For case1(Option 1+A+X), some companies mentioned a standalone scenario in which the coverage of NES cell is not overlapped with that of cell A, so the UEs can only get WUS configuration from the SSB of NES cell before OD-SIB1 transmission, which may have impacts on initial access for legacy UEs. If the UL-WUS configuration comes from the SSB of NES cell, only the reserved bits in MIB/PBCH can be used to convey the WUS configuration to avoid impact on initial access UEs. However, the reserved bits in PBCH are limited. Also, due to that WID has a note saying ‘No modification of SSB will be discussed under this objective’, the SSB of NES cell is not a good choice to indicate WUS configuration. In addition, in this standalone case1, the reliability of the UL-WUS mechanism may largely affect the system performance since no other normal cell A will provide the service once OD-SIB1 procedure fails, which may further result in coverage hole. 
[bookmark: _Ref166255716]Proposal 1：Do not support standalone case1(Option 1+A+X) without cell A assistance, in which UE can only get WUS configuration from the SSB of NES cell.
For case2(Option 1+B+X), UE first gets WUS configuration from cell A when camping on cell A, and transmits UL-WUS to NES cell to request OD-SIB1 for cell reselection when the UE moves toward the NES cell. An example of case2 is proposed as illustrated in Figure 2.
· Step 1: UE first camps on cell A and receives WUS configuration from the SIB1 of Cell A;
· Step 2: UE transmits UL WUS to a NES cell to trigger the SIB1 transmission on the NES cell if WUS trigger conditions are met;
· Step 3: UE receives SIB1 from NES cell and determines whether to camp on it;
· Step 4: UE monitors paging and perform RACH on NES cell if camping on NES cell.


[bookmark: _Ref157178337]Figure 2: Example of the procedure of OD-SIB1 triggered by UL-WUS when UE camping on cell A
(case2, Option 1+B+X)
Based on the above procedure of case2, the behaviours of UE camping and receiving SIB1 can basically remain the same as legacy, which may have the least impacts to the current UE assumptions. Additionally, in the last RAN2 #125-bis meeting, it was agreed as shown in the following that at least supports scenario 1a, in which the UL-WUS was sent to the NES cell and the OD-SIB1 was received from the NES cell.
	Agreement@RAN2#125bis
1. At least RAN2 starts scenario 1a (Cell A SIB assisted intra-cell WUS. And WUS and SIB1 is sent to/from NES cell). Other scenarios are not excluded.


Given the above analysis, it makes sense to prioritize the discussion of case2 in RAN1.
[bookmark: _Ref166255720]Proposal 2：RAN1 at least prioritize case2(Option 1+B+X) in R19 NES.
For case3(Option 2+B+Y), UE transmits UL-WUS to cell A and receives OD-SIB1 in cell A. If the UE cannot camp on the NES cell, the UE needs to maintain the timing of both cell A and NES cell, which largely changes the default assumption of UE camping.
[bookmark: _Ref166255709]Observation 9：For case 3, UE has to maintain the timing of both cell A and NES cell, which may have large impacts in RAN2.
2.3. Potential spec impacts of on-demand SIB1 triggered by UL WUS 
Some of the possible spec impacts of on-demand SIB1 have been discussed in the RAN1#116-bis meeting, such as the WUS signal design, etc. The relevant agreements are listed as follows.
	Agreement
RAN1 to further study the following UE operation scenarios in the UL WUS design:
· Scenario 1: UE requests SIB1 to camp on NES cell
· Scenario 2: UE request SIB1 to perform random access procedure to make RRC connection to NES cell
Agreement
RAN1 to further study UE identification of NES cell with on-demand SIB1 based on one, both, or combination of the following options:
· Option 1: By WUS configuration
· Option 2: By PBCH payload of NES cell
Agreement
For UL WUS design for SIB1 request, at least dedicated PRACH resource is the assumption for further study in RAN1
· FFS: Details on time, frequency, and/or PRACH preamble resources for UL WUS
· FFS: whether RACH resource for SIB1 request could be used for an initial access procedure and/or an on-demand SI procedure

Companies to consider the following for future meetings
· Option 1: SIB1 monitoring occasions within a time window
· FFS: The starting time and duration of the time window
· FFS: Interval between two SIB1 monitoring occasions in the time window
· FFS: How gNB informs UE the details related to the time window
· Option 2: Periodic SIB1 monitoring occasions until gNB turns off the SIB1 transmission
· FFS: The staring time of the SIB1 monitoring occasions
· FFS: How gNB informs UE the SIB1 transmission is turned off
· FFS: How gNB informs the UE the details related to periodicity
· Other options are not precluded
· FFS: Further details on SIB1 monitoring occasions

Agreement
Conditions for triggering UL WUS transmission is up to RAN2. Any related work in RAN1 to be triggered by RAN2 LS. Send an LS to RAN2. Final LS in R1-2403779.


Based on the procedure of on-demand SIB1 discussed in section 2.2, the following detailed issues need to be considered further in normal work.
· How to identify a NES cell
Regarding the first issue on how to identify a NES cell for R19 UEs, two main options have been discussed. 
· Option 1: By WUS configuration
· Option 2: By PBCH payload of NES cell
In option 1, UE may assume a cell is a NES cell if UE receives the WUS configuration for this cell. For another example, the WUS configuration directly configures a list of NES cell IDs, and the UE can determine which cells are NES cells based on this list of cell IDs. 
In option 2, the information fields of MIB can be reused for indicating NES cell, e.g., UE can identify a NES cell based on the value of kssb. But the applicable range of the kssb value of the NES cell also requires further discussion. If the kssb of NES cell indicates CD-SSB, i.e.,  for FR1 or  for FR2, the legacy UE will detect corresponding Type 0 PDCCH, but actually the SIB1 of the NES cell is not transmitted at all, which consumes unnecessary power for the legacy UEs. So, it can be considered that the kssb of the NES cell indicates NCD-SSB. In current spec,  for FR1 or  for FR2 can be used for UE to find a next SSB associated with Type 0 PDCCH CSS. For   for FR1 or for  for FR2, the UE may assume that there is no SS/PBCH block within a certain GSCN range as shown the following two tables specified in 38.213. 
Table 7: Mapping between the combination of kssb and controlResourceSetZero and searchSpaceZero in pdcch-ConfigSIB1 to  in 38.213
	38.213 13 UE procedure for monitoring Type0-PDCCH CSS sets
Table 13-16: Mapping between the combination of  and controlResourceSetZero and searchSpaceZero in pdcch-ConfigSIB1 to  for FR1
	
	16×controlResourceSetZero +searchSpaceZero
	

	24
	0, 1, …, 255
	1, 2, …, 256

	25
	0, 1, …, 255
	257, 258, …, 512

	26
	0, 1, …, 255
	513, 514, …., 768

	27
	0, 1, …, 255
	-1, -2, …, -256

	28
	0, 1, …, 255
	-257, -258, …, -512

	29
	0, 1, …, 255
	-513, -514, …., -768

	30
	0, 1, …, 255
	Reserved, Reserved, …, Reserved



Table 13-17: Mapping between the combination of  and controlResourceSetZero and searchSpaceZero in pdcch-ConfigSIB1 to  for FR2
	
	16×controlResourceSetZero +searchSpaceZero
	

	12
	0, 1, …, 255
	1, 2, …, 256

	13
	0, 1, …, 255
	-1, -2, …, -256

	14
	0, 1, …, 255
	Reserved, Reserved, …, Reserved





But  for FR1 or  for FR2 are reserved values for UE, which can be used for NES feature. For example, if the value of kssb contained in the MIB of a cell indicates 30 for FR1 or 14 for FR2, the R19 UEs may assume the cell is a NES cell.
[bookmark: _Ref162894062]Proposal 3: Support option2 to identify a NES cell, i.e., the kssb value contained in the MIB of the SSB indicates a NES cell.
· WUS signal design
The second issue is about the WUS signal design, the following UE operation scenarios related with UL WUS design have been listed below.
· Scenario 1: UE requests SIB1 to camp on NES cell
· Scenario 2: UE request SIB1 to perform random access procedure to make RRC connection to NES cell
At least Scenario 1 should be supported in R19. For Scenario 2, two cases should be discussed separately in terms of whether the UE camps on cell A or NES cell. If the UE camps on cell A and the UE wants to access the NES cell subsequently, then Scenario 2 can save one Msg1 transmission compared with Scenario 1. However, for UEs that already camp on the NES cell, random access can be performed directly based on the RACH configuration in the preserved SIB1 without need to request another SIB1. So, for UEs camping on the NES cell, the only case where Scenario 2 applies is when the SIB1 is about to expire, and the UE has to request SIB1 as well as access to the NES cell, which is obviously a relatively rare case and needs to be deprioritized in R19.
[bookmark: _Ref166255728]Proposal 4：At least support scenario1, i.e., UE requests SIB1 to camp on NES cell.  And the scenario2 when UE camping on cell A is FFS.
Dedicated PRACH resources have been agreed as a starting point for UL WUS in RAN1#116 and RAN1#116-bis meeting. If UL WUS is only intended to request SIB1 to camp on NES cell, the WUS needs to be distinguished from legacy Msg1/MsgA used for connection setup. It is obvious that WUS can be distinguished in terms of both time-frequency resources and preamble resources. From the perspective of preamble configuration, NES-specific preambles can be used as UL WUS to trigger the transmission of SIB1 transmission. From the perspective of time-frequency resources, it is best to use separate resources independent of the legacy RACH resource to distinguish UL WUS triggering from connection setup and OSI. When the UE sends a preamble on the separate resource, it represents the WUS triggering. If the WUS is sent on the resources shared with legacy RACH resources used for random access and OSI, then the WUS can only be distinguished by the preamble sequence. It is also desirable that the WUS occasions are mapped with SSBs. When the UE sends a UL WUS on a WUS occasion associated with a certain SSB, the UE may also receive the corresponding OD-SIB1 along the direction of that SSB.
[bookmark: _Ref159245211][bookmark: _Ref162894073][bookmark: _Ref166255731]Proposal 5: Dedicated PRACH resources including separate preambles or separate RO with SSB mapping can be used for UL-WUS to request OD-SIB, and the dedicated PRACH resources are different from legacy RACH resources used for random access and OSI.
· WUS configuration design
Regarding the WUS configuration, details on how to provide WUS configuration in SIB should be specified in RAN2 based on the results of WUS configuration design in RAN1. WUS configuration basically provides the UE with the necessary information for sending UL-WUS, which can include time and frequency resource configuration, preamble configuration. In addition to the above basic information, the WUS configuration can provide some other necessary information for determining the behaviour of subsequent detection of Type 0 PDCCH, such as Type 0 PDCCH monitoring window. Besides, other necessary related information of NES cell, such as TDD configuration used to determine the valid UL WUS occasions also needs to be included in WUS configuration. 
[bookmark: _Ref166255735]Proposal 6：At least the following content should be contained in WUS configuration
· Time and frequency resource configuration for UL-WUS
· Preamble configuration for UL-WUS
Regarding the applicable scope of WUS configuration, the following options had been listed in RAN1#116 meeting. 
· 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
Apparently, option1 is not flexible enough for UL WUS. 
Option2 is to configure common resources for UL WUS and the common resources will be monitored by multiple cells. Option2 can save the overhead of WUS configuration compared with option3, but is not the most flexible. In addition, multiple NES cells need to negotiate with each other to decide the final cell to wake up since multiple NES cells monitor the UL WUS on the same time-frequency resources, and further indication need to be given to the UEs about which cell is woke up, which imposes additional signalling overhead.
Option3 is the most flexible scheme, and the cell specific configuration can provide some flexibility to the UE side, i.e., the UE can choose the target cell to wake up. Although the configuration overhead of option3 is larger than option 1 and option 2, the WUS configuration is most likely carried by the SIB of a cell, so the increase in configuration overhead is acceptable, and further consideration can be given on how to optimize the overhead of the WUS configurations of multiple NES cells, e.g., the public parameters don't need to be repeated, and the cell-specific parameters can be configured independently. It is also deserved to note that gNB can configure the same WUS configuration separately for multiple NES cells, which can also be viewed as a kind of option2.
[bookmark: _Ref162894077][bookmark: _Ref166255739]Proposal 7: Focus on option3, i.e., UL WUS configuration applies to a single NES cell for the design of on-demand SIB1 for idle/inactive UEs.
· UL-WUS feedback
If the UL-WUS has a feedback, then the corresponding WUS feedback monitoring configuration should be configured in WUS configuration, which may result in a large payload. In addition, the motivation for introducing WUS feedback needs further clarification.
If the WUS feedback indicates a NACK, it means that the network wants to save energy at this time, i.e., it does not want to wake up to respond to the UE's request. Therefore, there is no need to spend energy to send WUS feedback.
If the WUS feedback indicates an ACK, the benefit of indicating ACK is to let the UE know when to start receiving SIB1 and avoid sending UL WUS repeatedly. But actually Type 0 PDCCH or SIB1 can be viewed as a kind of WUS feedback, which also avoids the extra work of designing additional WUS feedback configurations or monitoring behaviors.
[bookmark: _Ref162894086]Proposal 8: Type 0 PDCCH/ SIB1 can be viewed as WUS feedback. 
· Type 0 PDCCH monitoring
Regarding the UE behaviours after WUS transmission, when to start or stop monitoring Type 0 PDCCH should be specified to align the understanding between the UE and the NES cell. Two options have been listed in RAN1#116-bis meeting and minor changes have been made to the following version:
· Option 1: Type 0 PDCCH monitoring occasions within a time window
· Option 2: Periodic Type 0 PDCCH monitoring occasions until gNB turns off the SIB1 transmission
A more direct way is to design a time window configured in WUS configuration for UE to monitor the OD-SIB1, which is also beneficial for the network to go to sleep as soon as possible after SIB1 transmission triggered by the detected UL WUS. Besides, UE monitoring Type-0 PDCCH for SIB1 within a time window can avoid monitoring OD-SIB1 all the time, which is beneficial for UE power saving. The related configuration about Type 0 PDCCH monitoring can be indicated by the SSB of NES cell and the WUS configuration from cell A.
[bookmark: _Ref162894089][bookmark: _Ref157760616]Proposal 9: Support option1 for SIB1 PDCCH monitoring after UL WUS, i.e., UE only monitors Type 0 PDCCH during a time window to avoid monitoring OD-SIB1 all the time, which is beneficial for both UE power and NW energy.
2.4. Summary
Based on the above discussions, the following conclusion can be made: mechanism of on-demand SIB1 by UE WUS is a beneficial, useful and feasible solution with acceptable potential spec impact in both RAN1 and RAN2. Therefore, on-demand SIB1 by UL WUS deserves to be specified in Rel-19 NES WI.
[bookmark: _Ref158137419][bookmark: _Ref159245216]Proposal 10: Support to specify on-demand SIB1 by UL WUS for UEs in idle/inactive mode.
3. Conclusion
In this contribution, on-demand SIB1 triggered by UL WUS is discussed in detailly and the following observations and proposals are summarized as follows: 
Observation 1: For NES cell, the case of 20ms SSB period and 20ms SIB1 period, in zero or low load, on-demand SIB1 can achieve NES gain of 13.47%-45.78% with on-demand SIB1 transmission rate of 0% and NES gain of 11.94%-41.07% with on-demand SIB1 transmission rate of 10% for prach configuration index of 0/5/17.
Observation 2: For NES cell, the case of 20ms SSB period and 40ms SIB1 period, in zero or low load, on-demand SIB1 can achieve NES gain of 7.36%-29.16% with on-demand SIB1 transmission rate of 0% and NES gain of 6.39%-26.08% with on-demand SIB1 transmission rate of 10% for prach configuration index of 0/5/17.
Observation 3: For NES cell, the case of 20ms SSB period and 20ms SIB1 period, in light or medium load, on-demand SIB1 can achieve NES gain of 4.88%-25.04% with on-demand SIB1 transmission rate of 0% and NES gain of 4.67%-21.66% with on-demand SIB1 transmission rate of 10% for prach configuration index of 0/5/17.
Observation 4: For NES cell, the case of 20ms SSB period and 40ms SIB1 period, in light or medium load, on-demand SIB1 can achieve NES gain of 2.50%-14.22% with on-demand SIB1 transmission rate of 0% and NES gain of 2.38%-12.12% with on-demand SIB1 transmission rate of 10% for prach configuration index of 0/5/17.
Observation 5: For NES cell, the case of 20ms SSB period and 160ms SIB1 period, in all load cases, on-demand SIB1 can achieve NES gain of 0.63%-8.01% with on-demand SIB1 transmission rate of 0% and NES gain of 0.59%-7.17% with on-demand SIB1 transmission rate of 10% for prach configuration index of 0/5/17.
Observation 6: For NES cell, the case of 160ms SSB period and 160ms SIB1 period, in zero load, on demand SIB1 scheme can achieve NES gain of 18.51%-23.85% with on-demand SIB1 transmission rate of 0% and NES gain of 16.96%-21.16% with on-demand SIB1 transmission rate of 10
Observation 7: For NES cell, the case of 160ms SSB period and 160ms SIB1 period, in low ~ medium load, on demand SIB1 scheme can achieve NES gain of 0.38%-8.33% with on-demand SIB1 transmission rate of 0% and NES gain of 0.11%-6.53% with on-demand SIB1 transmission rate of 10% for prach configuration index of 0.
Observation 8: For Cell A in Case 2(Option 1+B+X), in all load cases, the cases of all SSB period and SIB1 period, the NES loss of Cell A is 0.006%-0.253%.
Observation 9：For case 3, UE has to maintain the timing of both cell A and NES cell, which may have large impacts in RAN2.
Proposal 1：Do not support standalone case1(Option 1+A+X) without cell A assistance, in which UE can only get WUS configuration from the SSB of NES cell.
Proposal 2：RAN1 at least prioritize case2(Option 1+B+X) in R19 NES.
Proposal 3: Support option2 to identify a NES cell, i.e., the kssb value contained in the MIB of the SSB indicates a NES cell.
Proposal 4：At least support scenario1, i.e., UE requests SIB1 to camp on NES cell.  And the scenario2 when UE camping on cell A is FFS.
Proposal 5: Dedicated PRACH resources including separate preambles or separate RO with SSB mapping can be used for UL-WUS to request OD-SIB, and the dedicated PRACH resources are different from legacy RACH resources used for random access and OSI.
Proposal 6：At least the following content should be contained in WUS configuration
· Time and frequency resource configuration for UL-WUS
· Preamble configuration for UL-WUS
Proposal 7: Focus on option3, i.e., UL WUS configuration applies to a single NES cell for the design of on-demand SIB1 for idle/inactive UEs.
Proposal 8: Type 0 PDCCH/ SIB1 can be viewed as WUS feedback.
Proposal 9: Support option1 for SIB1 PDCCH monitoring after UL WUS, i.e., UE only monitors Type 0 PDCCH during a time window to avoid monitoring OD-SIB1 all the time, which is beneficial for both UE power and NW energy.
Proposal 10: Support to specify on-demand SIB1 by UL WUS for UEs in idle/inactive mode.
Appendix A : Simulation assumptions for on-demand SIB1
[bookmark: _Ref1208685]Table I. Simulation assumption in FR1 band
	Parameters
	Values

	Basic parameters
	Scenario
	FR1 (TDD)

	
	Channel model
	3D-Uma as in TR 38.901

	
	O2I penetration model
	100% low loss

	
	Device deployment
	100% outdoor

	
	Inter-site distance
	500m

	
	Network Topology
	7*3 Sector

	
	SCS
	30kHz

	
	Guard band ratio on simulation bandwidth
	TDD: 2.08% (272RB for 30kHz SCS)

	
	Carrier Frequency
	4.0GHz

	
	Simulation bandwidth
	100 MHz

	
	Frame structure
	DDDSU

	BS parameters
	BS antenna height
	25 m

	
	BS noise figure
	5 dB

	
	BS antenna element gain
	8 dBi

	
	DL power
	55dBm

	
	Antenna configuration at TRxP
	For 64T:(M,N,P,Mg,Ng;Mp,Np) = (8,8,2,1,1;4,8)
(dH, dV)=(0.5, 0.8)λ

	UE parameters
	UE power class
	23dBm

	
	Power control parameters
	Open loop, P0=-80dBm, alpha=0.8

	
	UE noise figure
	9 dB

	
	UE antenna element gain
	0 dBi

	
	UT attachment
	Based on RSRP

	
	Wrapping around method
	Geographical distance-based wrapping

	
	UE antenna height
	Outdoor UEs: 1.5 m

	
	Antenna configuration at UE
	For 4R: (M,N,P,Mg,Ng; Mp,Np)= (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, N/A)λ

	Transmission parameters
	Modulation
	Up to 256 QAM

	
	Transmission scheme
	SU-MIMO

	
	SU dimension
	For 4Rx: Up to 4 layers

	
	Interference measurement
	SU-CQI; CSI-IM for inter-cell interference measurement

	
	Scheduling
	PF

	
	Receiver
	MMSE-IRC

	
	Channel estimation
	Non-ideal

	
	HARQ scheme
	Ideal

	
	Max HARQ retran
	3

	
	Target BLER
	10% of first transmission

	Common RS
	SSB period
	20ms or 160ms

	
	SSB number in period
	4 or 8

	
	SSB time resource
	4 symbols for each SSB

	
	SSB frequency resource
	20 RBs

	
	SSB position
	SSB is in the first 5ms of a frame 

	
	SIB1 period
	Up to scheme

	
	SIB1 number in period
	4 or 8

	
	SIB1 time resource
	14 symbols for each SIB1

	
	SIB1 frequency resource
	48 RBs

	
	SIB1 position
	SIB1 is in the last 5ms of a frame
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