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1	Introduction
[bookmark: _Hlk139554548]In RAN#102 (RP-234065), it was agreed to start a Rel-19 WI on enhancements of network energy savings for NR, with the objective to study on-demand SIB1 for idle/inactive UEs as highlighted below:
	1. Specify procedures and signaling method(s) to support on-demand SSB SCell operation for UEs in connected mode configured with CA, for both intra-/inter-band CA. [RAN1/2/3/4]
· Specify triggering method(s) (select from UE uplink wake-up-signal using an existing signal/channel, cell on/off indication via backhaul, Scell activation/deactivation signaling)
· Note1: On-demand SSB transmission can be used by UE for at least SCell time/frequency synchronization, L1/L3 measurements and SCell activation, and is supported for FR1 and FR2 in non-shared spectrum.

2. [bookmark: _Hlk153983379]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

3. Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4]
· Adaptation of SSB in time domain, e.g. adapting periodicity 
· Adaptation of PRACH in time domain
· [bookmark: _Hlk158930096]Study adaptation of PRACH in spatial domain, e.g. non-uniform PRACH resources per SSB, and specify if found beneficial
· This study is to be done in 2Q’2024 only
· Adaptation of paging occasions including confining the paging occasions in the time domain
· Note: there shall be no paging latency increase
· Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown 
Specify the corresponding core requirements, for the above features [RAN4].



[bookmark: _Ref178064866]2	Discussion
This contribution focuses on the second objective highlighted in the above WID. In particular, the contribution addresses the terminology aspects and the aspects such as the legacy impact and the idle/inactive mode coverage in different deployment scenarios.
2.1	Background on SI acquisition procedure
The MIB and SIB1 are the minimum required system information (SI) that a UE can use to camp on a cell and use for initial access procedure. Other system information (OSI), that is, SIB2, SIB3, etc. are typically transmitted in SI windows and their schedule is contained in SIB1. Instead of always transmitting the OSI, gNB can use on-demand transmission of OSI, where UEs request SIBs using SI request procedure, e.g., via the MSG1 based on-demand request wherein the UE sends a RACH preamble to the gNB requesting SI transmissions.
MIB is acquired by the decoding of the PBCH within SSB and contains information on how the UE can find and receive SIB1 if this is allowed. According to Rel-15 specification, SIB1 is transmitted over DL-SCH with a periodicity of 160ms. Typically, while a UE assumes the SIB1 monitoring period is 20ms, the actual number of transmissions of SIB1 PDSCH within the 160ms is up to NW implementation. Therefore, for energy savings, gNB may transmit a SIB1 PDSCH as sparsely as once every 160ms.
[bookmark: _Toc163157754][bookmark: _Toc163180695]SIB1 is transmitted via DL-SCH with a transmission periodicity of up to 160ms within a 160ms window.

[bookmark: _Ref163134857]2.1.1	RAN1 progress
RAN1, who is the leading WI for this work, has started the discussions in February in RAN1#116 meeting and reached the following agreements (the complete list of agreements can be found in the Appendix) for on-demand SIB1:

Agreement
For discussion purpose, the following assumption will be used in RAN1
· [bookmark: _Hlk162265032]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.

As highlighted above, RAN1 adopted two definitions for Cell A and NES Cell, respectively. Our opinion is that these definitions are not clear enough and could lead to ambiguous interpretations. Regarding the definition of Cell A, the potential problem is that it is not related to the SIB1 enhancements for the purpose of NES. According to the current definition of Cell A, any legacy cell is a Cell A since all legacy cells transmit their own SIB1. Similarly, we find the terminology NES Cell potentially misleading since it could be confused with any other cell that is capable of a NES technique, e.g., Rel-18 NES cell. Therefore, in order to facilitate discussions in both WGs we propose to redefine the current RAN1 definitions and terminology for Cell A and NES cell as follows.

[bookmark: _Toc163161907][bookmark: _Toc163180698]Agree on the following terminology:
a. [bookmark: _Toc163161908][bookmark: _Toc163180699]Cell A: A cell that transmits its own SIB1 periodically and assists on-demand-SIB1 NES Cell in on-demand SIB1 provisioning.
b. [bookmark: _Toc163161909][bookmark: _Toc163180700]On-demand-SIB1 NES Cell: A cell that may transmit SIB1 in response to UL WUS from a UE.
3	Legacy impact and idle/inactive mode coverage 
It is important to note that certain deployment scenarios, such as when there are no legacy cells that are overlapping the on-demand-SIB1 NES Cells, would create coverage holes for legacy UEs. We think this aspect should be considered when studying procedures and signalling method(s) to support on-demand SIB1 for UEs in idle/inactive modes.

[bookmark: _Toc159218217][bookmark: _Toc163161910][bookmark: _Toc163180701]When studying procedures and signalling methods, only deployment scenarios where coverage holes can be avoided for legacy UEs, are considered.

In what follows, we consider a deployment scenario with Cell A and on-demand-SIB1 NES Cell in the context of idle/inactive mode coverage and legacy impact. 
3.1 Scenario with Cell A and on-demand-SIB1 NES Cell
[bookmark: _Hlk158301455]In this section we discuss a deployment scenario in which an idle/inactive UE is within the coverage area of an on-demand-SIB1 NES Cell as well as within the coverage area of an assisting Cell A, as shown in Figure 1. 

[image: ]
[bookmark: _Ref162516906]Figure 1. Deployment scenario with Cell A and on-demand-SIB1 NES Cell.
It is important to observe that that there can be various options for on-demand SIB1 provisioning for on-demand-SIB1 NES Cell in the scenario shown in Figure 1. For example, there are different ways to address the questions such as which cell provides the configuration for the UL WUS and/or the SIB1 for on-demand-SIB1 NES Cell. 

[bookmark: _Toc163161911][bookmark: _Toc163180702]Study on-demand SIB1 provisioning for on-demand-SIB1 NES Cell in a scenario where the coverage of on-demand-SIB1 NES Cell overlaps with the coverage of Cell A.

One of the possible solutions for on-demand SIB1 provisioning in the scenario shown in Figure 1 is that the Cell A provides on-demand SIB1 on behalf of the on-demand-SIB1 NES Cell. This solution, however, comes with significant drawbacks for both, the UE, and the network. From the perspective of the UE, the solution is undesirable because Cell A and on-demand-SIB1 NES Cell are, typically, on different carriers. Therefore, the solution becomes complex from the perspective of the UE since in order to receive SIB1 and associated updates, the UE would either have to keep changing frequencies or alternatively, an excessive signalling would be required between the UE, Cell A, and on-demand-SIB1 NES Cell. The latter is undesirable not only from the perspective of the UE, but also from the perspective of the network. Furthermore, from the perspective of the network, this solution is undesirable because it implies dealing with concurrency issues related to SIB1 updates in cases, for example, when both Cell A and on-demand-SIB1 NES Cell provide SIB1. As an alternative to this solution, in what follows, we propose a simpler solution. 

[image: ]
[bookmark: _Ref162359362]Figure 2: Illustration of WUS configuration, SIB1 request and SIB1 transmission in scenario with Cell A and on-demand-SIB1 NES Cell; gNB1 represents the assisting Cell A and gNB2 represents the on-demand-SIB1 NES Cell.

[bookmark: _Hlk163143042]In our proposed solution, Cell A periodically transmits its own SSB and SIB1 and provides the UE with an UL WUS config for the on-demand-SIB1 NES Cell, while the on-demand-SIB1 NES Cell provides its own SIB1 on-demand. This is illustrated in Figure 2. Besides the SSB and SIB1 of Cell A, the idle/inactive UE can receive periodic SSB from gNB2, which also transmits SIB1 on-demand only. The corresponding procedure can be described by the following steps:
1. The UE obtains the UL WUS configuration for the on-demand-SIB1 NES Cell via signalling from the Cell A. 
2. The UE transmits WUS to the on-demand-SIB1 NES Cell, requesting SIB1.
3. After receiving the request, the on-demand-SIB1 NES Cell transmits its own on-demand SIB1.

[bookmark: _Toc159218218][bookmark: _Toc163161912][bookmark: _Toc163180703]Study the scenario where Cell A provides the UL WUS configuration to request SIB1 in the on-demand-SIB1 NES Cell and, after receiving the WUS from a UE, the on-demand-SIB1 NES Cell transmits its SIB1.

3.3 On-demand SIB1 and camping aspects
Another question that needs to be answered in the case of a cell which supports on-demand SIB1 is whether a Rel-19 NES UE should be allowed to camp on on-demand-SIB1 NES Cell. The following RAN1 agreements from RAN1#116 meeting seem to imply that a Rel-19 NES UE may camp on on-demand-SIB1 NES Cell:

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.

In our opinion, the simplest solution that minimizes the problem of coverage holes is to follow the legacy procedures, and hence to allow a Release-19 NES UE to camp on an on-demand-SIB1 NES Cell.
  
[bookmark: _Toc158921032][bookmark: _Toc159246729][bookmark: _Toc163161913][bookmark: _Toc163180704]Only a Rel-19 NES UE may camp on an on-demand-SIB1 NES Cell.

3	Conclusion
In this contribution we discuss the second objective highlighted in the WID. In particular, the contribution addresses the terminology aspects and the aspects such as the legacy impact and the idle/inactive mode coverage in different deployment scenarios. Based on the discussion in the previous sections we made the following observations:

Observation 1	SIB1 is transmitted via DL-SCH with a transmission periodicity of up to 160ms within a 160ms window.

Based on the discussion in the previous section, we propose the following:

Proposal 1	Agree on the following terminology:
a.	Cell A: A cell that transmits its own SIB1 periodically and assists on-demand-SIB1 NES Cell in on-demand SIB1 provisioning.
b.	On-demand-SIB1 NES Cell: A cell that may transmit SIB1 in response to UL WUS from a UE.
Proposal 2	When studying procedures and signalling methods, only deployment scenarios where coverage holes can be avoided for legacy UEs, are considered.
Proposal 3	Study on-demand SIB1 provisioning for on-demand-SIB1 NES Cell in a scenario where the coverage of on-demand-SIB1 NES Cell overlaps with the coverage of Cell A.
Proposal 4	Study the scenario where Cell A provides the UL WUS configuration to request SIB1 in the on-demand-SIB1 NES Cell and, after receiving the WUS from a UE, the on-demand-SIB1 NES Cell transmits its SIB1.
Proposal 5	Only a Rel-19 NES UE may camp on an on-demand-SIB1 NES Cell.
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[bookmark: _In-sequence_SDU_delivery]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, 
· 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

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
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
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