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1	Introduction
The SID on Rel-18 network energy saving holds the following objectives [1]:

	3. Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception, which may include:
· How to achieve more efficient operation dynamically and/or semi-statically and finer granularity adaptation of transmissions and/or receptions in one or more of network energy saving techniques in time, frequency, spatial, and power domains, with potential support/feedback from UE, and potential UE assistance information [RAN1, RAN2]
· Information exchange/coordination over network interfaces [RAN3]
Note: Other techniques are not precluded

The study should prioritize idle/empty and low/medium load scenarios (the exact definition of such loads is left to the study), and different loads among carriers and neighbor cells are allowed.

Note 1: legacy UEs should be able to continue accessing a network implementing Rel-18 network energy savings techniques, with the possible exception of techniques developed specifically for greenfield deployments.



One technique that was a target for NES is SSB/SIB-less/paging, the following we summarized in the meeting:

1 For SSB/SIB-less solution, RAN2 starts with multi-carrier case
2 RAN2 assumes that the SSB-less solution for inter-band CA in connected mode we can consider to use the intra-band CA mechanism as a baseline/starting point. FFS whether there are other impacts for RAN2 according to other WGs discussion
3 For SIB-less/SSB-less, capture the solutions in more details over the email discussion and clarify the definition on anchor cell.  (e.g. 1) non-anchor NES cell doesn’t transmit SSB and SI 2) non-anchor cell doesn’t transmit SIB) FFS for paging in both mechanisms.  

An offline email discussion took place to attempt to identify the remaining issues [3] and a proposed TP in [4], with the following current proposals:
	List of remaining issues on NES cell without SIB:
The following two scenarios will be studied:
1. The anchor cell transmit SIs for NES cells, and NES cells transmit neither SSBs nor SIs;
1. The anchor cell transmit SIs for NES cells, and NES cells transmit SSBs but not SIs.
Aspects to be addressed:
1. the detailed solution and potential specification impacts for each direction;
1. the benefits for energy saving and constraints for each direction (baseline is the anchor cell + SIB-less cell);
1. impact on the UE behaviour, e.g. whether the UE always camp on the anchor cell, or can also camp on the NES cells (this is rather dependent on specific directions), how the UE will determine which cell to perform RACH; the applicable RRC state, e.g. whether it only applies to idle mode, or also applies to connected mode;
1. applicability of existing solutions, e.g. how much we can reuse from NB-IoT solution and what needs to be enhanced compared with NB-IoT
1. how to handle paging:
4. detailed solution description, benefits and potential specification impact (baseline is the anchor cell + SIB-less cell);
4. impact on UE behaviour on cell camping;
4. applicability of existing solutions
4. whether a common solution can be applied to both SSB-less and SIB-less solutions







2 	Scell without SSB in inter-band CA
During the last meeting, there was a discussion on the feasibility of SSB-less Scell for intra-band CA. Note that SSB Scell for interband CA is already possible in the current spec as mentioned in 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>


 And 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



As it is clear that final outcome on this issue comes down to RAN4 assessment of the feasibility of UE synchronization under such assumptions and RAN1 assessment of expected NES gains, added complexity to UE, conditions necessary for the UE to perform synchronization this way, etc. The agreement from the meeting was strongly conditioned on progress by other WGs:

1 For SSB/SIB-less solution, RAN2 starts with multi-carrier case
2 RAN2 assumes that the SSB-less solution for inter-band CA in connected mode we can consider to use the intra-band CA mechanism as a baseline/starting point. FFS whether there are other impacts for RAN2 according to other WGs discussion

Observation 1: RAN1/RAN4 will eventually decide whether an interband CA SSB-less solution is supported in Rel-18.
However, RAN2 has decided to proceed with assessing the possible RAN2 impacts if inter-carrier CA with SSB-less Scell. Before outlining possible RAN2 effects we would like to confirm that the final decision on support for inter-band SSB-less CA would be decided by RAN1/RAN4.
Proposal 1: It is up to RAN1/RAN4 whether to support inter-band SSB-less CA. 
From a RAN2 point of view, it would be difficult to determine the impact without the specific solution being presented from RAN1/RAN4, however, we raise the following issues as potential RAN2 issues in case this solution is supported.
Proposal 2: If Inter-band SSB-less CA is supported, RAN2 to study the following potential impacts:
· UE procedure on Pcell and Scell when RACH is triggered.
· Effect on beam management
· Effect on Radio link monitoring
· Effect on RRM measurement
· Signalling the timing offset between Pcell and Scell to the UE when the cells operate on different bands
To summarize, RAN2 things to study in that solution are complex and highly dependent other WGs. Given the limited number of TUs available in this SI, we recommend RAN2 does not discuss that further until further guidance from RAN1/RAN4. 
Proposal 3: RAN2 to deprioritize discussing the SSB-less inter-band CA until further guidance from RAN1/RAN4 on if/how this solution is supported.

1. SIB-less Solutions
SIB-less solutions were also discussed in [2] and [3] with the following in meeting agreements:
1 For SIB-less/SSB-less, capture the solutions in more details over the email discussion and clarify the definition on anchor cell.  (e.g. 1) non-anchor NES cell doesn’t transmit SSB and SI 2) non-anchor cell doesn’t transmit SIB) FFS for paging in both mechanisms.  

Since this scenario involves the UE being in coverage of two cells simultaneously, we would like to use CA as baseline for comparison, i.e, support of the SIB-less solution family should require demonstrating that they provide something additional over the CA baseline.
Proposal 4: To assess SIB-less solutions, legacy CA is used as a baseline for comparison.
We can look of each of those proposed solutions separately.
a) Non-Anchor Cell does not transmit SSB or SIB
This solution can be traced back to Rel 13/Rel 14 NB-IoT, and comprises of a non-CA multicarrier scenario of two cells:
Anchor Cell: 
· Transmits SSB on behalf of the non-anchor cell
· Transmits SIB on behalf of the non-anchor cell
· Provide Synchronization and mobility measurements for the UE on behalf of the non-anchor cell.
· Provides RACH parameters to the UE 
· In different design options: performs none, some or all paging on behalf of non-anchor cell. 
Non-Anchor Cell:
· Performs UL/DL data transmissions with the UE
· Performs Random access with the UE.
· In different design options: performs none, some or all paging on behalf of non-anchor cell. 
· Transmits and receives all reference signals except for SSB. 
First, it is important to clarify whether this agreement applies for this solution: 
1 RAN2 assumes that the SSB-less solution for inter-band CA in connected mode we can consider to use the intra-band CA mechanism as a baseline/starting point. FFS whether there are other impacts for RAN2 according to other WGs discussion

Since SSB/SIB-less is technically an SSB-less solution this agreement may be understood to apply, however if we assume that solution on top of intra/inter-band CA, then there is nothing to be studied since that is already available. Our understanding of that solution and indeed NB-IoT family is that it is specifically designed for a UE that does not support CA.
More discussion on paging on anchor vs non-anchor cell.
Observation 2: SIB-less solutions are only applicable for UEs that do not support/NWs that do not deploy CA.
Also, for this solution to work, we understand that the anchor cell and non-anchor cell operates on different carriers. In NB-IoT Rel-13/Rel-14, these were called non-anchor carriers. Between, non-anchor carriers themselves, we also expect that they be separated in frequency thus, as a baseline. 
If the anchor cell transmits a different SSB/SIB on behalf of every non-anchor cell, this is also expected to have higher power due to overlapping coverage. Thus, it is not clear at this level how this can save energy, in fact, it looks like all the energy savings in the non-anchor cell would be paid for by even higher energy consumption at the anchor cell.  
Observation 3: It is unclear how SSB/SIB-less anchor carrier saves energy if the same amount of signalling saved at the non-anchor cell is transmitted with higher energy using the anchor cell.
On the other hand, there may be a case to be made of the SIB contents are similar between anchor and non-anchor cells, but in this case, if the anchor cell coverage overlaps with multiple “booster” non-anchor cells, this would cause collisions and interference in RACH as all the UEs are essentially attempting to perform RACH targeting different non-anchor cells using the same parameters signalled in common SIBs.
Observation 6: Reusing the same SIB between anchor and multiple non-anchor cells has the possibility of some NES gains, however, the RACH interference and collisions between non-anchor cells in the same proximity makes this solution unrealistic.  
Proposal 5: For SIB-less solutions, RAN2 assumes that the SIB content of anchor and non-anchor cells, and between non-anchor cells with the same anchor cell is different.
i) Impacts specific to SSB-less non-anchor assumptions
For UE synchronization, it will be up to other WGs how the conditions of which the UE can synchronize with non-anchor cell via anchor-cell SSB. These arguments have already been made in SSB-less discussions.
Proposal 6: RAN2 to confirm it is up to RAN1/RAN4 whether it is possible for the UE to synchronize with the non-anchor cell using anchor cell SSB and the conditions to do so.
Also, handover is not supported in NB-IoT. UEs rely on cell re-selection to re-establish RRC connection. This made sense since NB-IoT targets stationary and low-mobility UEs. We expect a similar issue in SSB/SIB-less non-anchor cell. It is unclear when the UE is moving between two non-anchor cells how the UE would perform HO, since the measurements may be coming from the same anchor cell, or different anchor cells not reflective of the respective non-anchor cell radio link qualities. The same can be argued for cell (re)selection.
Observation 7: It is unclear how mobility and cell selection between SSB/SIB-less non-anchor cells work.
Proposal 7: RAN2 to discuss how mobility and cell (re)-selection works between non-anchor SSB/SIB-less cells.
b) Non-Anchor Cell does not transmit SIB but transmits SSB
This is a new solution that, and comprises of a multicarrier scenario of two cells:
Anchor Cell: 
· Transmits SIB on behalf of the non-anchor cell
· Provides RACH parameters to the UE 
· In different design options: performs none, some or all paging on behalf of non-anchor cell. 
Non-Anchor Cell:
· Transmits SSB
· Provides synchronization and mobility measurements.
· Performs UL/DL data transmissions with the UE
· Performs Random access with the UE.
· In different design options performs none, some or all paging on behalf of non-anchor cell. 
· Transmits and receives all reference signals.
Generally, for this solution, we have the same concerns as the anchor cell transmitting SSB/SIB such as the NES gains and the ability of UEs to synchronize on a cell while receiving SIB and paging on a different anchor cell. It seems that this solution can solve some of the problems of the SIB/SSB-less one with respect to mobility, reference signalling, measurements and synchronization (the SSB-less part), however, the NES gains are still unclear, especially compared to CA.
Observation 8: Compared to CA the SIB-less without SSB-less still does not show any NES gains. 
We conclude with the following proposal regarding both solutions:
Proposal 8: RAN2 to hold-off discussions on SIB-less operation specifics until there is an agreement on the rationale of NES savings. 
 
Conclusion
Observation 1: RAN1/RAN4 will eventually decide whether an interband CA SSB-less solution is supported in Rel-18.
Proposal 1: It is up to RAN1/RAN4 whether to support inter-band SSB-less CA. 
Proposal 2: If Inter-band SSB-less CA is supported, RAN2 to study the following potential impacts:
· UE procedure on Pcell and Scell when RACH is triggered.
· Effect on beam management
· Effect on Radio link monitoring
· Effect on RRM measurement
· Signalling the timing offset between Pcell and Scell to the UE when the cells operate on different bands
Proposal 3: RAN2 to deprioritize discussing the SSB-less inter-band CA until further guidance from RAN1/RAN4 on if/how this solution is supported.
Proposal 4: To assess SIB-less solutions, legacy CA is used as a baseline for comparison.
Observation 2: SIB-less solutions are only applicable for UEs that do not support/NWs that do not deploy CA.
Observation 3: It is unclear how SSB/SIB-less anchor carrier saves energy if the same amount of signalling saved at the non-anchor cell is transmitted with higher energy using the anchor cell.
Observation 6: Reusing the same SIB between anchor and multiple non-anchor cells has the possibility of some NES gains, however, the RACH interference and collisions between non-anchor cells in the same proximity makes this solution unrealistic.  
Proposal 5: For SIB-less solutions, RAN2 assumes that the SIB content of anchor and non-anchor cells, and between non-anchor cells with the same anchor cell is different.
Proposal 6: RAN2 to confirm it is up to RAN1/RAN4 whether it is possible for the UE to synchronize with the non-anchor cell using anchor cell SSB and the conditions to do so.
Observation 7: It is unclear how mobility and cell selection between SSB/SIB-less non-anchor cells work.
Proposal 7: RAN2 to discuss how mobility and cell (re)-selection works between non-anchor SSB/SIB-less cells.
Observation 8: Compared to CA the SIB-less without SSB-less still does not show any NES gains. 
Proposal 8: RAN2 to hold-off discussions on SIB-less operation specifics until there is an agreement on the rationale of NES savings. 
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