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Introduction
In RAN2#119-e meeting, the NES techniques were discussed and categorized as follows [1]:
Solution groups:
1 Adaption of MIB/SSB/SIB 
	-  partial/simplified SSB
2	Increase of SSB/SIB periodicity 
3	On demand SSB/SIB1 (FFS if there are enhancements for other SIBs)
	- FFS for on-demand MIB
4	Receiving SSB/SIB on one carrier/cell and performing access to another carrier/cell 
5	Handover/Fast PCell change for NES
	- CHO or new configuration
	- group HO
6	Resource adaptation (frequency and time domain)
	- Including PRACH, SRS, PUSCH, PUCCH resources and periodicities 
	- cell DTX/DRX  
	- measurement 
	- reference signal type and configuration of reference signal pattern for connected mode
	- BWP adaptation
7	Any Cell activation/re-activation or UE wake up request signal (connected/idle)
8	Paging enhancements (includes paging-less solutions)
9	Cell selection/reselection (ie. cell prioritization also including legacy UEs)

Things to study 
1 Study group configuration and signalling for transitions for different solutions
	- pre-configuration and L1/L2 signaling to trigger change of configuration
2	Identify/capture RAN2 impact to legacy for the different solutions 
3	Awareness of the NES states at the UE side for the different solutions
4	Aim to minimize DL signalling for NES
5	Consider UE complexity and energy consumption
6	UE assistance information for the specific network energy technique, it’s benefits and impact to UE/NW 
[bookmark: _GoBack]The above solutions were discussed in the post RAN2#119e email discussion, with the following techniques recommended for further study [2]:
1) Common signals related: SSB/SIB/Paging-less (multi-carrier case is studied first); On-demand SSB/SIB1 (e.g., triggered by WUS); Extended SSB/SIB1 periodicity
2) Group signalling/configuration related: Group HO/CHO; NW DTX/DRX; BWP adaptation
3) Cell selection/reselection.
In this paper, we further discuss SSB-less and SIB1-less techniques, and try to address companies’ concerns raised during the email discussion.
[bookmark: OLE_LINK462][bookmark: OLE_LINK463]Discussion
SSB-less SCell for inter-band case
This technique aims at reducing the network energy consumption by removing the transmission of SSBs of SCell, where the timing (including synchronization and SFN) of SCell is derived from the anchor cell which is SpCell or SCell. Such technique is already supported for the intra-band case (i.e. the SSB-less SCell and the anchor carrier are within the same frequency band) in current specification. For example, in the scope of RAN2, a UE capability is introduced to indicate the support of SSB-less SCell for intra-band CA, and in the absoluteFrequencySSB field it is indicated that SSB-less SCell applies only for the intra-band case, as follows.
Cited from 38.331
	FrequencyInfoDL field descriptions

	<skip>

	absoluteFrequencySSB
[bookmark: _Hlk115276031]Frequency of the SSB to be used for this serving cell. SSB related parameters (e.g. SSB index) provided for a serving cell refer to this SSB frequency unless mentioned otherwise. The cell-defining SSB of the PCell is always on the sync raster. Frequencies are considered to be on the sync raster if they are also identifiable with a GSCN value (see TS 38.101-1 [15]). If the field is absent, the SSB related parameters should be absent, e.g. ssb-PositionsInBurst, ssb-periodicityServingCell and subcarrierSpacing in ServingCellConfigCommon IE. If the field is absent, the UE obtains timing reference from the SpCell or an SCell if applicable as described in TS 38.213 [13], clause 4.1. This is only supported in case the SCell for which the UE obtains the timing reference is in the same frequency band as the cell (i.e. the SpCell or the SCell, respectively) from which the UE obtains the timing reference.
For cells supporting RedCap, on handover, corresponds to the cell-defining SSB.

	<skip>


Cited from 38.306
	scellWithoutSSB
Defines whether the UE supports configuration of SCell that does not transmit SS/PBCH block. This is conditionally mandatory with capability signalling for intra-band CA but not supported for inter-band CA.
	FS
	CY
	N/A
	N/A


Observation 1: SSB-less SCell for intra-band case is supported in current specification.
In Rel-18, this technique can be easily extended to the inter-band case, i.e., to support the SSB-less SCell operation where the timing of SCell is derived from another cell (SpCell or SCell) in a different frequency band. This is beneficial for gNB energy saving due to more opportunities for symbol shutdown on the RF module associated with the SSB-less frequency band. According to [3], up to 30% energy saving gain can be achieved for the inter-band SCell without SSB/SIB1. 
The support of SSB-less SCell for inter-band case requires minimum specification impact from RAN2, as it is similar to the existing SSB-less SCell for intra-band case. The possible RAN2 impact includes
· introduce a new UE capability to indicate the support of inter-band SCell without SSB; and 
· small clarification in the specification (e.g. to extend the field description of the absoluteFrequencySSB IE to inter-band case).
Proposal 1: To support the SSB-less SCell for inter-band case, RAN2 impacts only require a new UE capability reporting and some essential field description clarification. The existing procedure defined for intra-band case can be re-used in general. 
SIB1-less cell
The main idea of this technique is to enable one carrier (anchor carrier) to broadcast SIB1 of other carriers (ES carriers), so that the ES carriers do not need to broadcast SIB1 and the energy consumption can be reduced. The UE can perform access to an ES carrier by receiving SIB1 on the anchor carrier. For example, as shown in Fig. 1, carrier 1 (anchor carrier) helps carriers 2/3 (ES carriers) to broadcast SIB1, and the UE can access to carrier 2/3 after receiving SIB1 on carrier 1.
[image: ]
 Fig. 1: SIB1-less operation
During the discussion in RAN2#119e and the post meeting email discussion, the companies’ understandings on this technique are not aligned. Below, some clarifications on this technique are provided.
Q1: Does this technique applies only for CA? 
Answer: No. Though it is proposed for multi-carrier deployment, this technique does not require CA operation. When in idle/inactive state, the UE can “dwell” on carrier 1 to receive SIB1 (and paging), through which the system information of carriers 1, 2, and 3 can be acquired. When to initiate the access to the network, the UE can perform RACH on any of the three carriers, based on e.g. RSRP/RSRQ of carriers measured by the UE and/or the priority of carriers indicated in SIB1. In other words, the UE does not need to always access from carrier 1 first. 
Q2: Does this technique impact the UE behaviours in connected state?  
Answer: Very limited impact on connected UE is identified: the UE in connected state on carrier 2/3 may need to read SIB1 on carrier 1 when it receives an SI change indication on carrier 2/3. 
Q3: Does this technique impact the legacy UEs?
Answer: No. The legacy UE can access to carrier 1 which is backward compatible. The legacy UE can also add carrier 2/3 as SCell in a legacy way. These legacy mechanisms do not conflict with the proposed solution here.
Q4: Can SSB on ES carriers be removed, like that in SSB-less SCell as described in 2.1?
Answer: Not necessary. In this technique, the ES carrier can provide “standalone” access to UEs, i.e. the ES carrier can be used as a serving cell for UEs without CA operation, or as a PCell or an SCell for UEs with CA operation. In other words, the ES carrier is not required to be SCell specific which allows access from UEs in a standalone mode. This is different from the technique of “SSB-less SCell” where the SSB-less cell (ES cell) is SCell specific and cannot provide “standalone” access to UEs (i.e. the UE needs to access to a PCell before accessing to the ES cell it wants to, as illustrated in Fig. 2).
The applicable scenarios for the two techniques are summarized below:
· The “SSB-less SCell” technique applies for a multi-carrier network with some carriers deployed as SCell specific, and the SCell is the ES cell in this technique. Such deployment (i.e. deploying some carriers as SCell specific) is usually adopted in the case/region where UEs are largely CA-capable. Note that, under such deployment, SIB1 on the SCell (ES cell) is not needed which can provide more energy saving gains. 
· The “SIB1-less cell” technique applies for a multi-carrier network without SCell-specific carriers (or at least some carriers are not deployed as SCell specific), and the non-SCell-specific carrier can be the ES carrier in this technique. Such deployment is usually adopted in the case where the penetration of CA-capable UEs is small. 

[image: ]
Fig. 2: The comparison of the two techniques when UE want to access to ES carrier 1.
Q5: What is the overall ES gain for the anchor and ES carrier together?
Answer: For the anchor carrier, the energy consumption is increased due to the broadcast of extra system information. However, the extra energy consumption on anchor carrier is very small compared with the reduced energy consumption on ES carriers. This is because, on the anchor carrier, the extra system information can be transmitted on the same time resource (symbols) as those for transmitting the system information of the anchor cell (i.e., the two kinds of system information can be transmitted on different RBs within the same time interval), so that no extra symbols need to be switched on for transmission of the extra system information (note that time-domain (symbol) shutdown saves much more energy compared with frequency-domain (RB) shutdown). When there are multiple carriers deployed in the same area, the anchor carrier can always be the same and all other carriers can benefit from omitting system information transmission, and in total the whole network can get energy saving gains. The initial evaluation shows that up to 20% energy saving gain (= gain on ES carrier – loss on anchor carrier) can be achieved for SIB1-less case [3].
Observation 2: The following clarifications on the SIB1-less cell technique are made:
· This technique does not require CA operation.
· The ES carrier is not required to be SCell specific. It can be a serving cell for UEs without CA operation, or be a PCell or an SCell for UEs with CA operation.
· This technique impacts have very limited impact on connected UE procedures.
· The applicable scenarios for this technique and the “SSB-less SCell” technique are different. The “SSB-less SCell” technique applies to the scenario where some carriers are deployed as SCell specific, while the “SIB1-less cell” technique applies to the scenario with no SCell-specific carriers.
This technique may have the following specification impact:
· Enhancement on SIB1 to include necessary information for accessing to other carriers.
· Enhancement on cell (re)selection procedures, including the cell (re)selection criteria which considers both the anchor cell and ES cells.
· Enhancement on RACH procedures to support UE performing RACH on a carrier different from the one where it receives SIB1.
This technique is mainly in the scope of RAN2, as it mainly impacts the L2/L3 configurations/procedures. RAN2 can study the feasibility and RAN2 impact of this technique and make the corresponding decisions. 
Proposal 2: Support the SIB1-less operation where UE perform access to an ES carrier by receiving SIB1 on the anchor carrier, and study the potential RAN2 impact (including e.g. cell search, cell selection/reselection). 
Conclusion
[bookmark: OLE_LINK3]In this paper, we discussed the SSB-less and SIB1-less techniques, and made the following observations and proposals:
Observation 1: SSB-less SCell for intra-band case is supported in current specification.
Observation 2: The following clarifications on the SIB1-less cell technique are made:
· This technique does not require CA operation.
· The ES carrier is not required to be SCell specific. It can be a serving cell for UEs without CA operation, or be a PCell or an SCell for UEs with CA operation.
· This technique impacts have very limited impact on connected UE procedures.
· The applicable scenarios for this technique and the “SSB-less SCell” technique are different. The “SSB-less SCell” technique applies to the scenario where some carriers are deployed as SCell specific, while the “SIB1-less cell” technique applies to the scenario with no SCell-specific carriers.
Proposal 1: To support the SSB-less SCell for inter-band case, RAN2 impacts only require a new UE capability reporting and some essential field description clarification. The existing procedure defined for intra-band case can be re-used in general. 
Proposal 2: Support the SIB1-less operation where UE perform access to an ES carrier by receiving SIB1 on the anchor carrier, and study the potential RAN2 impact (including e.g. cell search, cell selection/reselection). 
The corresponding TP is provided in the Annex.
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Annex. TP to TR 38.864 (based on v0.1.0)

-----------------Start of the Changes------------------
6.1	   	Techniques in X domain
6.1.1		Technique 1 (e.g. Adapting transmission/reception of common channels/signals)
6.1.1.z	   		Impacts on network interfaces

6.1.x		 	SSB-less SCell for inter-band case
[bookmark: _Hlk115377422]This technique aims at reducing the network energy consumption by removing the transmission of SSBs of SCell, where the timing (including synchronization and SFN) of SCell is derived from the anchor cell which is SpCell or SCell. Such technique is already supported for the intra-band case (i.e. the SSB-less SCell and the anchor carrier are within the same frequency band). This technique can be easily extended to the inter-band case, i.e., to support the SSB-less SCell operation where the timing of SCell is derived from another cell (SpCell or SCell) in a different frequency band. This is beneficial for gNB energy saving due to more opportunities for symbol shutdown on the RF module associated with the SSB-less frequency band.
6.1.x.x	Higher layer procedures
Editor's note: FFS the potential spec impact, e.g. new UE capability to indicate the support of inter-band SCell without SSB, and enhancement to RRC signalling to support the timing derived from another cell in a different frequency band.
6.1.x.y	Assistance information from UE side
Not relevant.
6.1.x.z				Impacts on network interfaces

6.1.y	 		SIB1-less cell
The main idea of this technique is to enable one carrier (anchor carrier) to broadcast SIB1 of other carriers (ES carriers), so that the ES carriers do not need to broadcast SIB1 and the energy consumption can be reduced. The UE can perform access to an ES carrier by receiving SIB1 on the anchor carrier. For example, as shown in Fig. 6.1.y-1, carrier 1 (anchor carrier) helps carriers 2/3 (ES carriers) to broadcast SIB1, and the UE can access to carrier 2/3 after receiving SIB1 on carrier 1.
[image: ]
 Fig. 6.1.y-1: SIB1-less operation
6.1.y.x	Higher layer procedures
Editor's note: FFS the potential spec impact, e.g. enhancement on SIB1, cell (re)selection, RACH, SI Change and handover procedures.
6.1.y.y	Assistance information from UE side
Not relevant.
6.1.y.z				Impacts on network interfaces

-----------------End of the Changes--------------------
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