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Introduction
In RAN#102, a new work item “Enhancements of network energy savings for NR” was agreed [1]. One objective is to study the on-demand SIB1 for UEs in idle/inactive mode:
	[bookmark: OLE_LINK3]Study procedures and signalling 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 provide the procedures and signalling method(s) to support on-demand SIB1. 
Discussion
[bookmark: OLE_LINK1]In NR, SIB1 is broadcasted by gNB with a periodicity of 160 ms. The transmission repetition periodicity within 160 ms periodicity is 20 ms by default, but the actual transmission repetition periodicity is variable and is up to gNB implementation. Besides, the transmission is in a beam sweeping way with the transmission beams corresponding to the transmitted SSBs. From UE side, the PDCCH monitoring occasions (PMOs) for SIB1 PDCCH detection are determined based on the configuration in MIB. Figure 1 illustrates one example for 2 beam SIB1 transmission with 20 ms transmission repetition periodicity.


Figure 1 per-beam transmitted SIB1 with 20 ms repetition periodicity
[bookmark: OLE_LINK159][bookmark: OLE_LINK26]With on-demand SIB1, the gNB does not need to periodically broadcast SIB1 and only transmits it based on UE requesting. The gNB will stay in longer sleep mode without SIB1 transmission unless a wake-up signal is detected. This reduces power consumption in the gNB correspondingly. One alternative to on-demand SIB1 is to use sparse SIB1 transmission, which may also achieve gNB side longer sleep mode. However, this leads to higher latency of cell access and more power consumption on SIB1 detection for RRC IDLE/INACTIVE UEs, which is not desired from UE point of view. Besides, this is likely to affect legacy UEs more than Rel-19 UEs. 
[bookmark: OLE_LINK33][bookmark: OLE_LINK27]Observation 1: Sparse SIB1 transmission (e.g., 160 ms periodicity), as an alternative to on-demand SIB1, can be used to save gNB power. However, it leads to higher latency of cell access and more power consumption on SIB1 detection in the UE side. This is likely to affect legacy UEs more than Rel-19 UEs.
Proposal 1: Support to specify on-demand SIB1 in Rel-19 as a solution to achieve network energy saving. 
RAN1#116bis reached following agreements regarding the target cell of UL WUS transmission, WUS configuration provision and receiving of SIB1. 
	[bookmark: OLE_LINK271]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


It is noted that on RAN2#125bis, it was agreed that RAN2 starts with Case 2 (i.e., scenario 1a in RAN2) while other options are not precluded. In our view, besides Case 2, Case 1 should also be supported since it is applicable for the scenarios e.g., UE camping on a single NES cell without the overlayed Cell A, in which case UE should be able to obtain WUS configurations from NES cell. Another scenario for Case 1 is where the network topology has an overlaying Cell A that is incapable of serving the UE (e.g. due to temporary radio conditions, overload, barring, etc.). Case 3 is not supported since it needs inter-node coordination of whole SIB1 and has no benefits over Case 2.
[bookmark: OLE_LINK8]For Case 1 with option A (UE obtains the UL WUS configuration from NES Cell), if the UE needs to transmit the UL WUS to request SIB1, there are limits to what can be configured explicitly by SSB. Instead of requiring the use of MIB/PBCH bits, we think that at least the frequency domain resource for the UL WUS can be derived from the detected SSB. For example, the UL WUS can be transmitted in the lowest PRB that is covered by the SSB. As for time domain resources, this could be a fixed pattern in our view. A similar consideration holds for the subsequent search space for detecting the DCI for a gNB response. The corresponding search space can be inferred from the detected T/F resources of the SSB. We are open to additionally consider using some MIB/PBCH bits for UL WUS configurability (within the scope of the WID, of course). A PCID range,  or PDCCHConfig can be employed to select from different Msg1/Msg2 resource configurations. For example, the WUS periodicity could be dependent on the PCID, or PDCCHConfig values could assign different RB resources for WUS and DCI for Msg1 and Msg2, respectively.
[bookmark: OLE_LINK34][bookmark: OLE_LINK6][bookmark: OLE_LINK37]Observation 2: RAN2 has agreed to start with Case 2 (i.e., scenario 1a in RAN2) and other cases are not precluded.
Proposal 2: Both Case 1 and Case 2 are supported for on-demand SIB1. Case 1 is applicable for the scenarios e.g., UE camping on a single NES cell without the overlayed Cell A, or where an overlaying Cell A cannot serve the UE. 
Proposal 3: For Case 1 with an Option A, for UL WUS a time domain resource pattern can be fixed and the frequency resource can be derived from the RBs where SSB is detected. Additional configurability options using MIB/PBCH elements can be considered, e.g. a PCID range,  or PDCCHConfig.
In addition, RAN1#116bis agreed to study following UE operation scenarios in the UL WUS design, focusing on the intention of UE requests SIB1. 
	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
· [bookmark: OLE_LINK31][bookmark: OLE_LINK35]Scenario 2: UE request SIB1 to perform random access procedure to make RRC connection to NES cell


In RAN2#125bis, it has been agreed that UE should acquire SIB1 for camping to NES cell. This means that Scenario 1 in RAN1 agreement should be supported.
	RAN2#125bis Agreements on on-demand SIB1:
· The UE first should acquire valid SIB1 (e.g. via SIB1 request) for camping to NES cell (if the UE knows the cell doesn’t broadcast SIB1 and supports on-demand SIB1).


[bookmark: OLE_LINK38]Observation 3: RAN2 has agreed to support UE operation Scenario 1, i.e., UE requests SIB1 to camp on NES cell.
For Scenario 2, one applicable case is that UE will not trigger SIB1 transmission upon it camping on the NES cell, or the UE will not camp on NES cell in IDLE/INACTIVE mode. Instead, SIB1 is triggered only when the UE needs to perform random access procedure due to either DL data arrival or UL data arrival. Such operation reduces SIB1 transmissions and could achieve more power saving in gNB. We support this scenario to maximize of on-demand SIB1 for energy saving. 
[bookmark: OLE_LINK41]Proposal 4: Support UE operation Scenario 2 for more gNB power saving, i.e., UE requests SIB1 to perform random access procedure to make RRC connection to NES cell.
Current NR supports on-demand OSI. If a SIBx is indicated to be available in the cell, and the related configuration si-BroadcastStatus is set to “notbroadcasting”, the UE determines that the SIBx is currently not broadcasted by the network, and the UE may request the SI message via on-demand SI mechanism. 
Two on-demand OSI mechanisms have been specified, one is Msg1 based on-demand SI request and the other is Msg3 based on-demand SI request. Figure 2 illustrates the procedures of each mechanism. For Msg1 based on-demand SI request in Figure 2(a), the UE requests SI via dedicated PRACH resources (preambles and/ or time-frequency). Upon sending dedicated Msg1 preamble in a dedicated RO, the UE may receive an RAR acknowledging the SI request. For Msg3 based on-demand SI request, dedicated PRACH resources are not provided to the UE, and the UE requests SI through RRCSystemInfoRequest in Msg3. The UE may receive an acknowledgement of the request in Msg4. 
[image: ]                             [image: ]
[bookmark: OLE_LINK28]			(a)							(b)
[bookmark: OLE_LINK30]Figure 2 Msg1 and Msg3 based on-demand OSI in NR
[bookmark: _Hlk157409756][bookmark: OLE_LINK36][bookmark: OLE_LINK29]To reduce standard impact for on-demand SIB1, the legacy on-demand OSI mechanisms (Msg1 based or Msg3 based mechanism) can be used for on-demand SIB1. It is noted that RAN2#125bis has already agreed to reuse Msg1 based on-demand procedure for on-demand SIB1 acquisition procedure.
	RAN2#125bis Agreements on on-demand SIB1:
· RAN2 assume that RACH procedure is reused for UE to request on-demand SIB1.
· UL WUS configuration includes at least RACH configuration.
· A UE needs to know a UL WUS configuration to request SIB1 of which cell.
· Existing Msg 1 based on-demand procedure is reused for on-demand SIB1 acquisition procedure. FFS on Msg 3. FFS if / when the UE monitors the OD-SIB1 upon reception of RAR. FFS: whether introduce specified UE behavior if RACH failure of OD-SIB1 request.


[bookmark: OLE_LINK9]Observation 4: RAN2 has agreed to reuse existing Msg1 based on-demand procedure for on-demand SIB1 procedure. 
RAN1#116bis has agreed that dedicated PRACH resources are assumed for UL WUS design in RAN1. With the agreed Msg1 based on-demand SIB1 triggering, it is clear that dedicated PRACH resources should be used for on-demand SIB1 requesting.
	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
· [bookmark: OLE_LINK4][bookmark: OLE_LINK5]FFS: whether RACH resource for SIB1 request could be used for an initial access procedure and/or an on-demand SI procedure


Proposal 5: Dedicated PRACH resources are configured for on-demand SIB1 request. 
[bookmark: OLE_LINK10]One FFS here is whether RACH resource for SIB1 request could be used for an initial access procedure and/or an on-demand SI procedure. This is also related with the discussion of operation scenarios for UL WUS in above, where Scenario 2 corresponds to UE requesting SIB1 to perform random access procedure to make RRC connection to NES cell. If Scenario 2 is supported, it is preferred that PRACH resource for SIB1 request can be used for initial access since this reduces the data exchange between UE and gNB and reduces the latency of initial access procedure. Figure 3 provides an illustration, where Figure 3(a) illustrates two separate PRACH procedures for SIB1 requesting and for cell accessing, respectively, and Figure 3(b) illustrates the one procedure for both SIB1 requesting and cell accessing. 
Similarly, it is also preferred that RACH resource for SIB1 request can be used for on-demand SI procedure to reduce the data exchange and latency of the procedure. 

[image: ]
(a)							(b)
Figure 3 RA procedure(s) for SIB1 requesting and cell accessing
[bookmark: OLE_LINK40]Observation 5: By using a combined PRACH procedure for initial access and on-demand SIB1, the latency of RRC connection to NES cell in Scenario 2 is reduced. 
[bookmark: OLE_LINK11]Proposal 6: Support to use a combined PRACH procedure for initial access and on-demand SIB1, i.e., RACH resource for SIB1 request could be used for an initial access procedure. 
Proposal 7: Support to use a combined PRACH procedure for on-demand SI and on-demand SIB1, i.e., RACH resource for SIB1 request could be used for an on-demand SI procedure. 
With on-demand SIB1, the Rel-19 UE should identify at least three cases of SSB and SIB1 transmission of a cell,
· Case a: cell defining SSBs are transmitted and SIB1 is broadcasted in the cell.
· Case b: cell defining SSBs are transmitted and SIB1 is not broadcasted but could be on-demand triggered. 
· Case c: non-cell defining SSBs or SSBs for measurement only are transmitted and SIB1 is not transmitted.
It is noted that the differentiation of Case a and Case c has been already captured in NR. NR uses a parameter , indicated in PBCH, to indicate whether SIB1 is provided by the cell. Specifically, 
· [bookmark: OLE_LINK7]For FR1, if 23, the UE assumes that SIB1 is provided by the cell. If 31, the UE assumes that SIB1 is not provided.
· For FR2, if 11, the UE assumes that SIB1 is provided by the cell. If 15, the UE assumes that SIB1 is not provided.
[bookmark: OLE_LINK39]To make NES capable UEs identify that a NES cell is with on-demand SIB1, one solution is that the NES capable UEs may determine the status of SIB1 transmission (i.e., the above cases) based on information elements in PBCH, for example using information elements of cellBarred and  to indicate the SIB1 transmission status. As an example, if cellbarred indicates “barred” and  is within is within [0,23] for FR1 and [0,11] for FR2, the UE assumes SIB1 can be transmitted but should be on-demand triggered. As another example, within the values not providing SIB1 by the cell, we observe that values  for FR1 and  for FR2 bear a special interpretation that could be used for indicating that an NES cell supports on-demand SIB1 transmissions: The first of those values is currently “reserved” and could therefore easily be used, while the second of those values has a well-defined interpretation any may therefore be not so easily suitable for indicating that a cell supports on-demand SIB1 transmissions. 
[bookmark: OLE_LINK45]Proposal 8: UE could identify a NES cell is with on-demand SIB1 transmission based on information elements in PBCH of the NES cell, such as cellBarred and . 
Conclusion
In summary, we have following observations and proposals for on-demand SIB1:
Observation 1: Sparse SIB1 transmission (e.g., 160 ms periodicity), as an alternative to on-demand SIB1, can be used to save gNB power. However, it leads to higher latency of cell access and more power consumption on SIB1 detection in the UE side. This is likely to affect legacy UEs more than Rel-19 UEs.
Proposal 1: Support to specify on-demand SIB1 in Rel-19 as a solution to achieve network energy saving. 
Observation 2: RAN2 has agreed to start with Case 2 (i.e., scenario 1a in RAN2) and other cases are not precluded.
Proposal 2: Both Case 1 and Case 2 are supported for on-demand SIB1. Case 1 is applicable for the scenarios e.g., UE camping on a single NES cell without the overlayed Cell A, or where an overlaying Cell A cannot serve the UE. 
Proposal 3: For Case 1 with an Option A, for UL WUS a time domain resource pattern can be fixed and the frequency resource can be derived from the RBs where SSB is detected. Additional configurability options using MIB/PBCH elements can be considered, e.g. a PCID range,  or PDCCHConfig.
Observation 3: RAN2 has agreed to support UE operation Scenario 1, i.e., UE requests SIB1 to camp on NES cell.
Proposal 4: Support UE operation Scenario 2 for more gNB power saving, i.e., UE requests SIB1 to perform random access procedure to make RRC connection to NES cell.
Observation 4: RAN2 has agreed to reuse existing Msg1 based on-demand procedure for on-demand SIB1 procedure. 
Proposal 5: Dedicated PRACH resources are configured for on-demand SIB1 request. 
Observation 5: By using a combined PRACH procedure for initial access and on-demand SIB1, the latency of RRC connection to NES cell in Scenario 2 is reduced. 
Proposal 6: Support to use a combined PRACH procedure for initial access and on-demand SIB1, i.e., RACH resource for SIB1 request could be used for an initial access procedure. 
Proposal 7: Support to use a combined PRACH procedure for on-demand SI and on-demand SIB1, i.e., RACH resource for SIB1 request could be used for an on-demand SI procedure. 
Proposal 8: UE could identify a NES cell is with on-demand SIB1 transmission based on information elements in PBCH of the NES cell, such as cellBarred and . 
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