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[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack]In RAN2#119bis-e, some initial agreements were made on SSB/SIB-less solution. According to the post email discussion [1], there are some remaining issues on NES cell without SIB as follows:
	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
1. whether a common solution can be applied to both SSB-less and SIB-less solutions


This contribution gives our considerations on the above remaining issues.
Discussion
1.1. Background of NB-IoT solution
For NB-IoT, multi-carrier operation is supported [2]. In NB-IoT, anchor carrier is a carrier where the UE assumes that NPSS/NSSS/NPBCH/SIB-NB for FDD or NPSS/NSSS/NPBCH for TDD are transmitted, while non-anchor carrier is a carrier where the UE does not assume that NPSS/NSSS/NPBCH/SIB-NB for FDD or NPSS/NSSS/NPBCH for TDD are transmitted. The UE in RRC_CONNECTED can be configured, via UE-specific RRC signaling, to a non-anchor carrier, for all unicast transmissions since R13.
In R14 NB-IoT enhancement, non-anchor carrier operations for paging and RAR were introduced. The UE in RRC_IDLE can, based on broadcast signaling, use a non-anchor carrier for paging reception. The UE in RRC_IDLE or RRC_CONNECTED, based on broadcast signaling, can use a non-anchor carrier for random access. For paging purposes, POs are distributed across the non-anchor carriers in a configurable uneven manner so that the eNB can decide what paging load each carrier should have. For random access, each non-anchor UL carrier has a probability with which the UE may randomly select it for Msg1&3, and corresponds to a DL carrier for Msg2&4; or for ordered random access the carrier for Msg1&3 is indicated by DCI. Contention free random access is supported for NPDCCH ordered random access [3].
1.2. NES cell without SIB
1.2.1  NES cell without SSB&SIB
a) Detailed solution
There is an anchor cell and one or multiple NES cell(s) in different carrier(s). Anchor cell is a cell where UEs (legacy and R18) assume SSB, system information and paging are transmitted. While an NES cell is a cell where NES-capable UEs do not assume SSB or system information are transmitted. The system information transmitted by anchor cell also includes the necessary information for NES-capable UEs to access via an NES cell, e.g. random access related configuration of an NES cell, the configuration for selection criteria for random access, and so on.
A UE (legacy or R18) in RRC_IDLE/RRC_INACTIVE always camps on an anchor cell. A UE can acquire time and frequency synchronization with NES cell(s) based on receptions of SSB on the anchor cell. The NES-capable UE in RRC_IDLE/RRC_INACTIVE, based on system information from the anchor cell, can perform random access via the anchor cell or a NES cell. The UE can enter RRC_CONNECTED via a NES cell directly via performing random access on the NES cell. 
Proposal 1: For NES cell without SSB&SIB:
- Anchor cell is a cell where UEs (legacy and R18) assume SSB, system information and paging are transmitted. While an NES cell is a cell where NES-capable UEs do not assume SSB or system information are transmitted. The system information transmitted by anchor cell also includes the necessary information for NES-capable UEs to access via an NES cell, e.g. random access related configuration of an NES cell, the configuration for selection criteria for random access, and so on.
- A UE (legacy or R18) in RRC_IDLE/RRC_INACTIVE always camps on an anchor cell. A UE can acquire time and frequency synchronization with NES cell(s) based on receptions of SSB on the anchor cell. The NES-capable UE in RRC_IDLE/RRC_INACTIVE, based on system information from the anchor cell, can perform random access via the anchor cell or a NES cell. The UE can enter RRC_CONNECTED via a NES cell directly via performing random access on the NES cell.
b) Benefits
NES cell(s) do not transmit SSB or system information, while the anchor cell only needs to broadcast the necessary information for NES-capable UEs to access via NES cell(s) which obviously introduces lighter load than system information broadcasted by a normal cell (at least SIB1 needs to be broadcast). 
With existing mechanism, when a UE in RRC_IDLE/RRC_INACTIVE camps on a cell, it can only enter RRC_CONNECTED via the camped cell. Then due to some reason, e.g. load balancing or fast data transmission, the network may configure another cell as SCell or handover to another cell to achieve better system performance. With the above solution, the UE can enter RRC_CONNECTED via a NES cell directly via performing random access on the NES cell, without SCell addition or handover procedure. This can reduce the signaling overhead and achieve energy saving in both network side and UE side, and in the meantime reduces the access load of the anchor cell. 
Moreover, even if, by itself, this enhancement does not bring significant energy saving, it enables a broader use of the SCell without SSB: in legacy this feature is limited by the access capacity of the PCell which is the clear bottleneck and limitation of the feature. With the above enhancement, it is no longer the case thus enabling a much larger energy saving benefit of the SCell without SSB concept. And this is the key energy saving potential of this enhancement.
Proposal 2: The benefits of NES cell without SSB&SIB includes:
- Network energy saving can be achieved as neither SSB nor system information is transmitted on NES cell(s) while only some necessary information of NES cell(s) is transmitted on anchor cell.
- Signaling overhead is reduced, energy saving is achieved and the access load of anchor cell is reduced when entering RRC_CONNECTED is performed.
- Enables a broader use of the SCell without SSB.
c) Impact on the UE behaviour
There are some impacts on the UE behaviour, including:
· New behaviours for NES-capable UEs in RRC_IDLE/RRC_INACTIVE mode to perform random access procedure and enter RRC_CONNECTED mode via an NES cell directly.
· There is no impact on legacy UEs as legacy UEs can access the network via an anchor cell.
· It is applicable to RRC_IDLE/RRC_INACTIVE mode. And it can have no impact on UEs that have already been in RRC_CONNECTED mode.
Proposal 3: Impact on the UE behaviour of NES cell without SSB&SIB:
- New behaviours for NES-capable UEs in RRC_IDLE/RRC_INACTIVE mode to perform random access procedure and enter RRC_CONNECTED mode via an NES cell directly.
d) Applicability of existing solutions
It is very similar as NB-IoT solution. NB-IoT solution can be used as a baseline. Some enhancements or simplifications on detailed procedure can be discussed and considered further in normative phase.
Proposal 4: Applicability of existing solutions: NB-IoT solution can be used as a baseline.
e) How to handle paging
In NB-IoT solution, the UE in RRC_IDLE can use non-anchor carrier for paging reception. But from network side, transmission needs more power consumption than monitoring preamble. We prefer to deprioritize paging reception on NES cell(s) at this stage.
Proposal 5: Paging reception on NES cell(s) is deprioritized considering NES benefit.
1.2.2  NES cell with SSB but without SIB
a) Detailed solution
There is an anchor cell and one or multiple NES cell(s) in different carrier(s). Anchor cell is a cell where UEs assume SSB, system information and paging are transmitted. While an NES cell is a cell where NES-capable UEs donot assume system information is transmitted but SSB is transmitted. The system information transmitted by anchor cell also includes the necessary information for NES-capable UEs to access via an NES cell, e.g. random access related configuration of an NES cell, the configuration for selection criteria of cell for random access, and so on.
A UE (legacy or R18) in RRC_IDLE/RRC_INACTIVE always camps on an anchor cell. The NES-capable UE in RRC_IDLE/RRC_INACTIVE, based on system information from the anchor cell, can perform random access via the anchor cell or a NES cell. Before performing random access via a NES cell, the NES capable UE needs to acquires time and frequency synchronization of the NES cell based on receptions of SSB on the cell. The UE can enter RRC_CONNECTED via a NES cell directly via performing random access on the NES cell.
Proposal 6: For NES cell with SSB but without SIB:
- Anchor cell is a cell where UE assumes SSB, system information and paging are transmitted. While an NES cell is a cell where NES-capable UEs do not assume system information is transmitted but SSB is transmitted. The system information transmitted by anchor cell also includes the necessary information for NES-capable UEs to access via an NES cell, e.g. random access related configuration of an NES cell, the configuration for selection criteria of cell for random access, and so on.
- A UE in RRC_IDLE/RRC_INACTIVE always camps on an anchor cell. The NES-capable UE in RRC_IDLE/RRC_INACTIVE, based on system information from the anchor cell, can perform random access via the anchor cell or a NES cell. Before performing random access via a NES cell, the NES capable UE needs to acquires time and frequency synchronization of the NES cell based on receptions of SSB on the cell. The UE can enter RRC_CONNECTED via a NES cell directly via performing random access on the NES cell.
b) Benefits
NES cell(s) do not broadcast system information, while the anchor cell only needs to broadcast the necessary information for NES-capable UEs to access via NES cell(s) which obviously introduces lighter load than system information broadcasted by a normal cell (at least SIB1 needs to be broadcast). Network energy saving can be achieved, although the benefit of NES is less than NES cell without SSB&SIB.
Similar as NES cell without SSB&SIB, the UE can enter RRC_CONNECTED via a NES cell directly via performing random access on the NES cell, without SCell addition or handover procedure. This can reduce the signaling overhead and achieve energy saving in both network side and UE side, and in the meantime reduces the access load of the anchor cell.
One possible example of usage of this NES cell design is if RAN1/4 do not conclude on the feasibility of SCell without SSB in inter-band CA.
Proposal 7: Benefits of NES cell with SSB but without SIB include:
- Network energy saving can be achieved as system information is not transmitted on NES cell(s) while only some necessary information of NES cell(s) is transmitted on anchor cell.
- Signaling overhead is reduced, energy saving is achieved and the access load of anchor cell is reduced when entering RRC_CONNECTED is performed.
c) Impact on the UE behaviour
There are some impacts on the UE behaviour, including:
· New behaviours for NES-capable UEs in RRC_IDLE/RRC_INACTIVE mode to perform random access procedure and enter RRC_CONNECTED mode via an NES cell directly.
· The NES-capable UEs in RRC_IDLE/RRC_INACTIVE mode needs to maintain time and frequency synchronization with both an anchor cell and an NES cell simultaneously during random access procedure. This requires higher UE capability.
· There is no impact on legacy UEs as legacy UEs can access the network via an anchor cell.
· It is applicable to RRC_IDLE/RRC_INACTIVE mode. And it can have no impact on a UE that has already been in RRC_CONNECTED mode.
Proposal 8: Impact on the UE behaviour of NES cell with SSB but without SIB:
- New behaviours for NES-capable UEs in RRC_IDLE/RRC_INACTIVE mode to perform random access procedure and enter RRC_CONNECTED mode via an NES cell directly.
- The NES-capable UEs in RRC_IDLE/RRC_INACTIVE mode needs to maintain time and frequency synchronization with both an anchor cell and an NES cell simultaneously during random access procedure.
d) Applicability of existing solutions
Different from NB-IoT solution, the UE acquires time and frequency synchronization of the NES cell based on receptions of SS/PBCH blocks on the cell, not the anchor cell. Hence, some enhancements need to be considered when the UE needs to acquire time and frequency synchronization of an NES cell. Anyway, NB-IoT solution can be used as a start-point.
Proposal 9: Applicability of existing solutions: NB-IoT solution can be used as a baseline for NES cell with SSB but without SIB. And some enhancements need to be considered when the UE needs to acquire time and frequency synchronization of an NES cell.
e) How to handle paging
With the solution, NES cell(s) are within the coverage of an anchor cell. But it is unclear if the coverage of an anchor cell and a NES cell is the same. If the coverage of an anchor cell and that of a NES cell are different while the network is not sure if the UE is in a NES cell, the anchor cell needs to send paging to UEs anyway. The load balancing for paging doesn’t work in this case.
As the NES capable UEs need to camp on an anchor cell while monitor paging on a NES cell, they have to always maintain time and frequency synchronization with both an anchor cell and an NES cell simultaneously. This introduces additional UE capability and UE power consumption.
Considering the limited use case and the complexity, we prefer not to consider paging reception on NES cell(s) with SSB but without SIB.
Proposal 10: Considering the limited use case and the complexity, paging reception on NES cell(s) with SSB but without SIB is not considered.
Conclusion
According to the analysis in section 2, we have the following proposals:
NES cell without SSB&SIB:
Proposal 1: For NES cell without SSB&SIB:
- Anchor cell is a cell where UEs (legacy and R18) assume SSB, system information and paging are transmitted. While an NES cell is a cell where NES-capable UEs do not assume SSB or system information are transmitted. The system information transmitted by anchor cell also includes the necessary information for NES-capable UEs to access via an NES cell, e.g. random access related configuration of an NES cell, the configuration for selection criteria for random access, and so on.
- A UE (legacy or R18) in RRC_IDLE/RRC_INACTIVE always camps on an anchor cell. A UE can acquire time and frequency synchronization with NES cell(s) based on receptions of SSB on the anchor cell. The NES-capable UE in RRC_IDLE/RRC_INACTIVE, based on system information from the anchor cell, can perform random access via the anchor cell or a NES cell. The UE can enter RRC_CONNECTED via a NES cell directly via performing random access on the NES cell.
Proposal 2: The benefits of NES cell without SSB&SIB includes:
- Network energy saving can be achieved as neither SSB nor system information is transmitted on NES cell(s) while only some necessary information of NES cell(s) is transmitted on anchor cell.
- Signaling overhead is reduced, energy saving is achieved and the access load of anchor cell is reduced when entering RRC_CONNECTED is performed.
- Enables a broader use of the SCell without SSB.
Proposal 3: Impact on the UE behaviour of NES cell without SSB&SIB:
- New behaviours for NES-capable UEs in RRC_IDLE/RRC_INACTIVE mode to perform random access procedure and enter RRC_CONNECTED mode via an NES cell directly.
Proposal 4: Applicability of existing solutions: NB-IoT solution can be used as a baseline.
Proposal 5: Paging reception on NES cell(s) is deprioritized considering NES benefit.

NES cell with SSB but without SIB:
Proposal 6: For NES cell with SSB but without SIB:
- Anchor cell is a cell where UE assumes SSB, system information and paging are transmitted. While an NES cell is a cell where NES-capable UEs do not assume system information is transmitted but SSB is transmitted. The system information transmitted by anchor cell also includes the necessary information for NES-capable UEs to access via an NES cell, e.g. random access related configuration of an NES cell, the configuration for selection criteria of cell for random access, and so on.
- A UE in RRC_IDLE/RRC_INACTIVE always camps on an anchor cell. The NES-capable UE in RRC_IDLE/RRC_INACTIVE, based on system information from the anchor cell, can perform random access via the anchor cell or a NES cell. Before performing random access via a NES cell, the NES capable UE needs to acquires time and frequency synchronization of the NES cell based on receptions of SSB on the cell. The UE can enter RRC_CONNECTED via a NES cell directly via performing random access on the NES cell.
Proposal 7: Benefits of NES cell with SSB but without SIB include:
- Network energy saving can be achieved as system information is not transmitted on NES cell(s) while only some necessary information of NES cell(s) is transmitted on anchor cell.
- Signaling overhead is reduced, energy saving is achieved and the access load of anchor cell is reduced when entering RRC_CONNECTED is performed.
Proposal 8: Impact on the UE behaviour of NES cell with SSB but without SIB:
- New behaviours for NES-capable UEs in RRC_IDLE/RRC_INACTIVE mode to perform random access procedure and enter RRC_CONNECTED mode via an NES cell directly.
- The NES-capable UEs in RRC_IDLE/RRC_INACTIVE mode needs to maintain time and frequency synchronization with both an anchor cell and an NES cell simultaneously during random access procedure.
Proposal 9: Applicability of existing solutions: NB-IoT solution can be used as a baseline for NES cell with SSB but without SIB. And some enhancements need to be considered when the UE needs to acquire time and frequency synchronization of an NES cell.
Proposal 10: Considering the limited use case and the complexity, paging reception on NES cell(s) with SSB but without SIB is not considered.
[bookmark: _Ref69910645]References
[1]. [bookmark: _Ref109054991][bookmark: _Ref114672521][bookmark: _Ref118464075]R2-2211428   Report of [POST119bis][304][NES] TP on cell selection／reselection and SSB／SIB-less (Huawei)
[2]. TS 36.300 E-UTRA and E-UTRAN Overall description, v h.2.0
[3]. RP-171061, Summary for WI: Enhancements of NB-IoT, RAN#76
Annex: TP to TR 38.864 (R2-2211427)
6.1.3	NES Cell without SIB
6.1.3.x	Higher layer procedures
NES cell without SIB is only applicable in multi-carrier scenario, where there is an anchor cell and one or multiple NES cell(s) without SIB in different carrier(s).
Anchor cell is a cell where NES-capable UE assumes SSB, system information and paging are transmitted. The system information transmitted by anchor cell also includes the necessary information for NES-capable UEs to access via an NES cell, e.g. random access related configuration of an NES cell, the configuration for selection criteria for random access, and so on.
Editor's note: FFS: The system information transmitted by anchor cell also includes the necessary information for NES-capable UEs to access via an NES cell without SIB.
An NES cell without SIB omits the transmission of SIB, or omits the transmission of both SSB and SIB. There may be two possible directions for an NES cell without SIB, NES cell without SSB&SIB and NES cell with SSB but without SSB.
For NES cell without SSB&SIB:For NES-capable UEs in RRC_IDLE/RRC_INACTIVE, the Random Access procedure is either performed on the anchor cell, or one of the NES cell(s) without SIB, based on the system information transmitted by the anchor cell. When UEs in RRC_IDLE/RRC_INACTIVE performs Random Access on a cell and enters RRC_CONNECTED, all subsequent data transmission occur on this cell.

An NES cell is a cell where NES-capable UEs assume neither SSB nor system information is transmitted.
A UE (legacy or R18) in RRC_IDLE/RRC_INACTIVE always camps on an anchor cell. A UE can acquire time and frequency synchronization with NES cell(s) based on receptions of SSB on the anchor cell. The NES-capable UE in RRC_IDLE/RRC_INACTIVE, based on system information from the anchor cell, can perform random access via the anchor cell or a NES cell. The UE can enter RRC_CONNECTED via a NES cell directly via performing random access on the NES cell.
The benefits of NES cell without SSB&SIB includes:
- Network energy saving can be achieved as neither SSB nor system information is transmitted on NES cell(s) while only some necessary information of NES cell(s) is transmitted on anchor cell.
- Signaling overhead is reduced, energy saving is achieved and the access load of anchor cell is reduced when entering RRC_CONNECTED is performed.
- Enables a broader use of the SCell without SSB.
Impact on the UE behaviour of NES cell without SSB&SIB:
New behaviors for NES-capable UEs in RRC_IDLE/RRC_INACTIVE mode to perform random access procedure and enter RRC_CONNECTED mode via an NES cell directly.
NB-IoT solution can be used as a baseline for the solution. And paging reception on NES cell(s) is deprioritized considering NES benefit.
For NES cell with SSB but without SIB:
An NES cell is a cell where NES-capable UEs do not assume system information is transmitted but SSB is transmitted.
A UE in RRC_IDLE/RRC_INACTIVE always camps on an anchor cell. The NES-capable UE in RRC_IDLE/RRC_INACTIVE, based on system information from the anchor cell, can perform random access via the anchor cell or a NES cell. Before performing random access via a NES cell, the NES capable UE needs to acquires time and frequency synchronization of the NES cell based on receptions of SSB on the cell. The UE can enter RRC_CONNECTED via a NES cell directly via performing random access on the NES cell.
Benefits of NES cell with SSB but without SIB include:
- Network energy saving can be achieved as system information is not transmitted on NES cell(s) while only some necessary information of NES cell(s) is transmitted on anchor cell.
- Signaling overhead is reduced, energy saving is achieved and the access load of anchor cell is reduced when entering RRC_CONNECTED is performed.
Impact on the UE behaviour of NES cell with SSB but without SIB:
- New behaviours for NES-capable UEs in RRC_IDLE/RRC_INACTIVE mode to perform random access procedure and enter RRC_CONNECTED mode via an NES cell directly.
- The NES-capable UEs in RRC_IDLE/RRC_INACTIVE mode needs to maintain time and frequency synchronization with both an anchor cell and an NES cell simultaneously during random access procedure.
For the solution, NB-IoT solution can be used as a baseline for NES cell with SSB but without SIB. And some enhancements need to be considered when the UE needs to acquire time and frequency synchronization of an NES cell. And considering the limited use case and the complexity, paging reception on NES cell(s) with SSB but without SIB is not considered.Editor's note: FFS the details on how to support NES cell without SIB or without SSB and SIB.
Editor's note: FFS whether paging enhancements, e.g. no paging transmission, is applied to the scenarios where SSB and/or SIB is not transmitted on the NES cells.
6.1.3.z	Impacts on network interfaces
Editor's note: will be updated once more agreements are made.
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