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Introduction
In RAN2#119bis-e meeting, the agreements on SSB/SIB-less for NES were as follows [1]:
Agreements:
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.  
The SIB-less techniques were further studied in the post RAN2#119bis-e email discussion [POST119bis][304][NES], with the following remaining issues identified for further study [2]:
	[bookmark: _Hlk118225907]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;
2. The anchor cell transmit SIs for NES cells, and NES cells transmit SSBs but not SIs.
Aspects to be addressed:
a) the detailed solution and potential specification impacts for each direction;
b) the benefits for energy saving and constraints for each direction (baseline is the anchor cell + SIB-less cell);
c) 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;
d) 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
e) how to handle paging:
i. detailed solution description, benefits and potential specification impact (baseline is the anchor cell + SIB-less cell);
ii. impact on UE behaviour on cell camping;
iii. applicability of existing solutions
iv. whether a common solution can be applied to both SSB-less and SIB-less solutions



In this paper, we provide our views on the remaining issues for SIB-less solution.
[bookmark: OLE_LINK462][bookmark: OLE_LINK463]Discussion
Based on the email discussion, the NES cell without SIB has the following two scenarios to be studied:
1. SIB-less cell without SSB: the anchor cell transmits SIs for NES cells, and NES cells transmit neither SSBs nor SIs;
2. SIB-less cell with SSB: The anchor cell transmits SIs for NES cells, and NES cells transmit SSBs but not SIs.
SIB-less without SSB
· Applicability of existing solutions
If neither SSB nor SIB is transmitted on the NES cell/carrier, the mechanism bears much similarity with the multi-carrier operation in NB-IOT. The multi-carrier mechanism in NB-IOT is summarized as follows:
- The UE in RRC_IDLE camps on the NB-IOT carrier on which the UE receives NB-PSS/SSS, NB-PBCH and SIB transmissions
- The UE can monitor paging messages on anchor and non-anchor carriers. The UE can perform random access from anchor and non-anchor carriers.
- The UE in RRC_CONNECTED can be configured, via UE-specific RRC signalling, to a PRB of the non-anchor carrier, for all unicast transmissions.
- The UE is not expected to receive NB-PBCH, and NB-PSS/SSS and any transmissions other than unicast transmissions in the configured PRB of the non-anchor carrier.
- The time and frequency synchronization of non-anchor and anchor carriers is derived from the synchronization signals on the anchor carrier.
Before discussing the NW behaviour and UE behaviour, we need to figure out how much we can reuse from NB-IOT. We see two possible solutions:
1) Solution 1: keep the “carrier” concept of NB-IOT, in which the anchor carrier and NES carrier belong to the same cell.
2) Solution 2: use a cell-level mechanism, in which the anchor carrier and NES carrier serve as individual cells.
Solution 1 can reuse NB-IOT multi-carrier mechanism to a large extent. In Solution 2, anchor carrier and NES carrier are modelled as different cells, with their own cell-specific configuration. By contrast, Solution 1 is simpler in terms of OAM, PCI planning and measurement etc, since only one PCI is maintained. 
· Detailed solution statement and UE behaviour (including Paging)
For both Solution 1 and Solution 2, apart from what is already captured in the TR [3], the NW and UE behaviours are as follows:
- The system information transmitted by anchor carrier/cell also includes the necessary information for NES-capable UEs to access via an NES carrier/cell without SIB.
- For NES-capable UEs in RRC_IDLE/RRC_INACTIVE, the Random Access procedure is either performed on the anchor carrier/cell, or one of the NES carrier(s)/cell(s) without SIB, based on the system information transmitted by the anchor carrier/cell. When UEs in RRC_IDLE/RRC_INACTIVE performs Random Access on a carrier/cell and enters RRC_CONNECTED, all subsequent data transmission occurs on this carrier/cell.
- The time and frequency synchronization of NES and anchor carriers/cells is derived from the SSB on the anchor carrier/cell. And the paging messages are transmitted only on the anchor carrier/cell.
Different from the motivation of load balance for the NB-IoT multi-carrier mechanism, in the context of NES, the paging messages are only transmitted on the anchor carrier to maximize the NES gains of the NES cell(s)/carrier(s).
Observation 1: SIB-less without SSB can be modelled in two ways: 1) anchor carrier and NES carrier belong to the same cell; 2) the anchor carrier and NES carrier serve as individual cells.
For both of them, the following are considered:
- The system information transmitted by anchor carrier/cell also includes the necessary information for NES-capable UEs to access via an NES carrier/cell without SIB.
- For NES-capable UEs in RRC_IDLE/RRC_INACTIVE, the Random Access procedure is either performed on the anchor carrier/cell, or one of the NES carrier(s)/cell(s) without SIB, based on the system information transmitted by the anchor carrier/cell. When UEs in RRC_IDLE/RRC_INACTIVE performs Random Access on a carrier/cell and enters RRC_CONNECTED, all subsequent data transmission occurs on this carrier/cell.
- The time and frequency synchronization of NES and anchor carriers/cells is derived from the SSB on the anchor carrier/cell. The paging messages are transmitted only on the anchor carrier/cell.
· NES gain and constraint
The NES gain comes from the reduction of common signals. About 30% of DL time-domain symbols can be reduced under a typical configuration [4]. In practical deployment, the anchor cell is usually located on the coverage carrier, e.g. 700M, which have higher PA efficiency and cost lower energy for transmission than the NES cell. So, the reduced power consumption on the NES cell overweighs the extra power consumption on the anchor cell.
Without SSB on the NES carrier/cell, the anchor carrier/cell and NES carrier/cells should be synchronised. For NB-IOT, the following requirements are specified in TS 36.300:
	NOTE 1:	Both carriers associated with the same LTE cell.
NOTE 2:	Total frequency span to not exceed 20MHz and both anchor and non-anchor carriers synchronised.


Different from the single-carrier in NB-IoT whose bandwidth is restricted to 200 kHz, the bandwidth of a carrier in NR is up to 100M in FR1. And multi-beam is introduced in NR. The exact deployment requirements of the solution 1 and solution 2 in NR may be different, e.g. the frequency span limitation, which may fall within the scope of RAN4 and can be done in the normative work. A possible deployment scenario is the co-located neighbouring carriers, e.g. 700M and 800M.
The solution applies to UEs in all RRC states.
Observation 2: The NES gain comes from the reduction of common signals, i.e., SSB and SIB. And the reduced power consumption overweighs the extra power consumption on the anchor cell.
Observation 3: The solution of SIB-less carrier/cell is applicable to the scenario where the anchor carrier/cell and SIB-less carrier/cell are synchronized, e.g., co-located neighbouring carriers. The solution applies to UEs in all RRC states.
With the above analysis on NW/UE behaviour, NES gain, and applicable deployment, we think the SIB-less carrier/cell without SSB is feasible solution from RAN2 perspective.
Proposal 1: SIB-less carrier/cell without SSB is feasible and can be recommended to normative work in following scenarios: 1) anchor carrier and NES carrier belong to the same cell; 2) anchor carrier and NES carrier serve as individual cells
SIB-less with SSB
· Detailed solution statement and UE behaviour (including Paging)
When the SIB of the NES cell is transmitted by the anchor cell, it could be part of the existing SIBs of the anchor cell (adding more information on the existing SIBs), or it could be a separate new SIB (e.g. SIBx) scheduled by anchor cell’s SIB1. This is similar with the SIB-less cell without SSB. The only difference is that, NES cell transmits its own SSB, so it does not rely on anchor cell to provide time and frequency synchronization. And UE can monitor paging message on either the anchor cell or the NES cell(s), depending on which cell the UE camps on (for Idle mode) or is served by (for Connected mode). The motivation is to simplify UE behaviour, so that after selecting a cell to camp on or access to, the UE does not need to switch to other cells for paging reception. 

[image: ]
Fig.1 The anchor carrier broadcast the SI of the NES cell, and the NES cell is SIB-less.
The UE behaviours are also similar to SIB-less cell without SSB: UE receives information only from the anchor cell, but the UE is able to perform RACH either on anchor cell or NES cell.
Observation 4: SIB-less with SSB is described as follows:
- The system information transmitted by anchor cell also includes the necessary information for NES-capable UEs to access via an NES cell without 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 occurs on this cell.
- The time and frequency synchronization of the NES cell is derived by the SSB transmitted by the NES cell. The paging messages can be transmitted on both the anchor cell and the NES cell.
· [bookmark: _Hlk118279908]NES gain and constraint
The NES gain comes from the reduction of common signals. The SIB-less cell with SSB reduce the SIB transmissions on the NES cell, which can decrease the ratio of DL time-domain symbols by 22% under a typical configuration [4]. The anchor cell would transmit extra system information for the NES cell which will increase the power consumption. But the system information of the NES cells can be compressed, e.g. only contains the delta information. Alternatively, as shown in Fig.1, the extra system information can be scheduled in a FDM manner to avoid increasing extra time-domain symbols, e.g. SIBx is FDMed with the SIB of anchor carrier. In a practical deployment, the anchor cell is usually located on the coverage carrier, e.g. 700M, which have higher PA efficiency and cost lower energy for transmission than the NES cell. So, the reduced power consumption on the NES cell overweighs the extra power consumption on the anchor cell.
Observation 5: The NES gain comes from the reduction of SIB on the NES cell. And the reduced power consumption overweighs the extra power consumption on the anchor cell.
 The applicability/ constraint of the SIB-less technique is as follows:
· It applies to the non-CA and CA scenarios. UE can access to the NES cell according to CA or non-CA.
· It applies to the UEs with idle and connected RRC state. Both of the Idle UE and Connected UE can obtain the SIB information of the NES cell by the anchor cell.
· The anchor cell and the NES cell can be either synchronized or not synchronized. The time and frequency synchronization of anchor cell and NES cell is derived from the own synchronization signal, e.g. SSB.
Observation 6: The solution supports the CA and non-CA scenario. The solution is applicable to UEs in all RRC states.
· Comparison with existing mechanism (e.g. handover)
It was commented during the previous meeting that the idle UE can perform RACH on the anchor cell, and then handed over to the NES cell. It will have the following impacts:
-	The RACH capacity of the anchor cell may be challenged if all UEs access on the anchor cell first, and it might increase the probability of RACH failure. 
-	Cause the high signalling overhead in the network. Idle UEs requires extra signalling exchange with the anchor carrier before accessing to the SIB-less NES cell.
-	The user-perceived throughput (UPT) of UEs may be decreased. The latency of UE accessing to the SIB-less NES cell and transmission is increased.
To avoid the above impacts, we suggest that the idle UE directly perform RACH on the SIB-less NES cell. 
Observation 7: Accessing NES cell by handover mechanism has impacts on RACH capacity, signalling overhead and UPT.
With the above analysis on NW/UE behaviour, NES gain, and applicable deployment, we think the SIB-less cell with SSB is a feasible solution from RAN2 perspective.
Proposal 2: SIB-less cell with SSB is feasible and can be recommended to normative work.

Comparison of the two solutions
In the previous sections, we described “SIB-less carrier/cell without SSB” and “SSB-less cell with SSB”.
By contrast, “SIB-less carrier/cell without SSB” brings more NES gain as neither SSB nor SIB is transmitted on the NES carrier/cell. However, “SSB-less cell with SSB” has its own advantage that the NES cell does not rely on anchor cell to provide time and frequency synchronization, so it can be applied to non-neighbouring carriers and inter-BS carriers.
Observation 8: SIB-less carrier/cell without SSB is more suitable for the scenarios where NES carrier/cell is synchronized with the anchor carrier/cell, while SIB-less carrier/cell with SSB is more suitable for inter-BS scenarios.
Conclusion
[bookmark: OLE_LINK3]In this paper, we discussed the SIB-less techniques, and made the following observations and proposals:
SIB-less without SSB
Observation 1: SIB-less without SSB can be modelled in two ways: 1) anchor carrier and NES carrier belong to the same cell; 2) the anchor carrier and NES carrier serve as individual cells.
For both of them, the following are considered:
- The system information transmitted by anchor carrier/cell also includes the necessary information for NES-capable UEs to access via an NES carrier/cell without SIB.
- For NES-capable UEs in RRC_IDLE/RRC_INACTIVE, the Random Access procedure is either performed on the anchor carrier/cell, or one of the NES carrier(s)/cell(s) without SIB, based on the system information transmitted by the anchor carrier/cell. When UEs in RRC_IDLE/RRC_INACTIVE performs Random Access on a carrier/cell and enters RRC_CONNECTED, all subsequent data transmission occurs on this carrier/cell.
- The time and frequency synchronization of NES and anchor carriers/cells is derived from the SSB on the anchor carrier/cell. The paging messages are transmitted only on the anchor carrier/cell.
Observation 2: The NES gain comes from the reduction of common signals, i.e., SSB and SIB. And the reduced power consumption overweighs the extra power consumption on the anchor cell.
Observation 3: The solution of SIB-less carrier/cell is applicable to the scenario where the anchor carrier/cell and SIB-less carrier/cell are synchronized, e.g., co-located neighbouring carriers. The solution applies to UEs in all RRC states.
Proposal 1: SIB-less carrier/cell without SSB is feasible and can be recommended to normative work in following scenarios: 1) anchor carrier and NES carrier belong to the same cell; 2) anchor carrier and NES carrier serve as individual cells

SIB-less with SSB
Observation 4: SIB-less with SSB is described as follows:
- The system information transmitted by anchor cell also includes the necessary information for NES-capable UEs to access via an NES cell without 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 occurs on this cell.
- The time and frequency synchronization of the NES cell is derived by the SSB transmitted by the NES cell. The paging messages can be transmitted on both the anchor cell and the NES cell.
Observation 5: The NES gain comes from the reduction of SIB on the NES cell. And the reduced power consumption overweighs the extra power consumption on the anchor cell.
Observation 6: The solution supports the CA and non-CA scenario. The solution is applicable to UEs in all RRC states.
Observation 7: Accessing NES cell by handover mechanism has impacts on RACH capacity, signalling overhead and UPT.
Proposal 2: SIB-less cell with SSB is feasible and can be recommended to normative work.

Comparison of the two solutions
Observation 8: SIB-less carrier/cell without SSB is more suitable for the scenarios where NES carrier/cell is synchronized with the anchor carrier/cell, while SIB-less carrier/cell with SSB is more suitable for inter-BS scenarios.
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Annex. TP to TR 38.864 (based on R2-2211427)

-----------------Start of the Changes------------------
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 without SIB.
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.
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 occurs on this cell.
An NES cell without SIB omits the transmission of SIB, or omits the transmission of both SSB and SIB. If SSB is not transmitted on the NES cell, it implies the NES cell and anchor cell are synchronized, and the time and frequency synchronization of NES cell is derived from the SSB on the anchor cell. And the UE receives paging on the anchor cell. If SSB is transmitted on the NES cell, the UE receives paging on the serving cell, which can either be NES cell or anchor cell.
Note:	If SSB is not transmitted on NES carrier(s), the NES carrier(s) and anchor carrier can belong to the same cell, or serve as individual cells. If the NES carrier(s) and anchor carrier are modelled as a single cell, the aforementioned procedure is changed from cell-level operation to carrier-level operation.
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.

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