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Introduction
In last RAN2 meeting, the NES solutions were discussed online and categorized as follows:
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 

There’s an email discussion for better understanding of the potential solutions. Based on companies’ inputs, the following aspects are proposed for RAN2’s further study [2]:
	1) Common signals related:
1-1) SSB/SIB/Paging-less (multi-carrier case is studied first)
1-2) On-demand SSB/SIB1 (e.g., triggered by WUS)
1-3) Extended SSB/SIB1 periodicity
2) Group signalling/configuration related:
2-1) Group HO/CHO
2-2) NW DTX/DRX
2-3) BWP adaptation
3) Cell selection/reselection.



In this contribution, we focus on the time domain NES solutions.
Discussion
SSB/SIB/Paging less
A typical network deployment scenario is that cells with different coverages are overlapped as shown in Figure 1.



Figure 1: Typical Network Deployment Scenario
When the load of the network is low, broadcasting of SSB/SIB for all cells/carriers is not energy efficient. Considering the coverage, it’s reasonable that Cell#1 acts as anchor cell for SSB/SIB broadcasting for Cell#2 and Cell#3 for network energy saving.
Similarly, paging message would be exactly the same for all these overlapping carriers. Therefore, in the overlapping scenario, no transmission of paging message on some of the overlapping cells is beneficial for network power saving purpose. Only the anchor cell transmits paging message.
It should be noticed that in Rel-14 NB-IoT, such method of receiving SSB/SIB/paging on the anchor carrier while access on non-anchor was introduced. The same method can be reused for NES.
Observation 1: Receiving SSB/SIB/paging on the anchor carrier while perform access on non-anchor was first introduced in Rel-14 NB-IoT and that method can be reused for NES.
What’s more, for the appliable scenario issue, since SCell without SSB in intra-frequency CA has already been supported since R15, therefore, SSB/SIB less in intra-band can be supported in Rel-18 NES. Besides, inter-frequency is a typical case in multi-carrier scenario, which should be taken into consideration.
Proposal 1: SSB/SIB/paging less solution can be supported in both intra- frequency and inter-frequency of multi-carries scenario. 
As to the single carrier scenario, considering the interference issue, SSB/SIB/Paging less should not be supported in single carrier scenario.
Proposal 2: RAN2 is kindly asked to focus on the multi carrier scenario.
Regarding to companies’ concern on the backward compatible for the legacy UEs, we consider to apply the time domain NES solutions on new carriers only, e.g., the re-farmed LTE bands or new defined NR bands, which are not supported by legacy UEs. In this way, legacy UEs would not perform access on NES cell/carriers, so there wouldn’t be any compatible issue.
Proposal 3: The time domain NES solutions should only be applied on new carriers to avoid impacts to legacy UEs, e.g., the re-farmed LTE bands or new defined NR bands.
On-demand SSB/SIB1, triggered by WUS
In Rel-12, in order to reduce the network energy consumption and the interference between cells, semi-statically small cell on/off mechanism was introduced. For UE to discover the small cells, periodic discovery reference signal (DRS) is sent from a turned-off small cell, also used for measurement. 
And the criteria used for cell on/off includes the increase/decrease of network load, UE arrival/departure, and PRB usage. Since DRS and WUS signal design is RAN1 scope, RAN2 can focus on the criteria for SSB/SIB1 on/off design, and Rel-12 small cell on/off criteria can be taken as the start point. Besides, to reduce impacts to legacy UEs, the criteria design should also consider the legacy UE camping awareness.
Proposal 4: For the solution of on-demand SSB/SIB1, RAN2 should focus on the criteria design, i.e., the increase/decrease of network load, (NES capable) UE arrival/departure, PRB usage. And the impact on legacy UEs’ camping should be taken into consideration.
Increase of SSB/SIB1 periodicity
By increasing the transmission period of broadcast information, more symbols are available for scheduling or sleep, which results to higher spectrum efficiency or energy efficiency.
This can be applied for both single carrier and multiple carrier scenarios. When it is used for single carrier scenarios, legacy UE may have problem to access such carriers, for example, if a legacy UE tries to combine the SSB/SIB information transmitted on consecutive 20ms occasions, but the periodicity has been increased to 40ms, the reception performance may be decreased since noise will be combined. However, this depends on UE implementation. And larger access delay will be introduced for the initial access.
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Figure 2. SSB/SIB transmission with larger periodicity
Though in NR, the maximum periodicity can be set as 160ms, NES cell may have more strict requirements, therefore, a greater periodicity can be considered for NES, and there could be potential spec impacts.
Proposal 5: Increasing of SSB/SIB1 periodicity need to be studied for NES.
Since RAN1 is also discussing and evaluating the related solutions, it’s better to send LS to RAN1 to indicate RAN2’s preference.
[bookmark: _Hlk115100923]Proposal 6: RAN2 is kindly to send LS to RAN1 to indicated RAN2’s preference based on the email discussion and online discussion.
Conclusions
In this contribution, we have discussed time domain NES solutions, the following are our observations and proposals:
Observation 1: Receiving SSB/SIB/paging on the anchor carrier while perform access on non-anchor was first introduced in Rel-14 NB-IoT and that method can be reused for NES.
Proposal 1: SSB/SIB/paging less solution can be supported in both intra- frequency and inter-frequency of multi-carries scenario. 
Proposal 2: RAN2 is kindly asked to focus on the multi carrier scenario.
Proposal 3: The time domain NES solutions should only be applied on new carriers to avoid impacts to legacy UEs, e.g., the re-farmed LTE bands or new defined NR bands.
Proposal 4: For the solution of on-demand SSB/SIB1, RAN2 should focus on the criteria design, i.e., the increase/decrease of network load, (NES capable) UE arrival/departure, PRB usage. And the impact on legacy UEs’ camping should be taken into consideration.
Proposal 5: Increasing of SSB/SIB1 periodicity need to be studied for NES.
Proposal 6: RAN2 is kindly to send LS to RAN1 to indicated RAN2’s preference based on the email discussion and online discussion.
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