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[bookmark: _Hlk92533719]Introduction
[bookmark: _Hlk85390381][bookmark: _Hlk92533704]According to post-RAN2#119e email discussion [1], the following network energy saving (NES) techniques are proposed to be further studied in RAN2:
	Proposal: RAN2 will continue studying the following aspects: 
1) Common signals related:
1-1) SSB/SIB/Paging-less
1-2) On-demand SSB/SIB1, triggered by WUS
2) Group signalling/configuration related:
2-1) Group HO/CHO
2-2) NW DTX/DRX
2-3) BWP adaptation
3) Cell selection/reselection.


From our understanding, the other excluded techniques are relying heavily on RAN1 input. In this contribution, we will discuss about SSB/SIB/Paging-less and BWP adaptation in a frequency domain manner, and analyze their potential RAN1/RAN2 impact.

Discussion
definition of (non-)anchor cell 
The concept of (non-)anchor carrier was first introduced for NB-IOT. It provides benefit in the following aspects:
· [bookmark: _Hlk92538289]Since the maximum bandwidth of an NB-IOT carrier is 200kHz, considering the expenditure of NPSS, NSSS, NPBCH, SIB and the massive amount of NB-IOT UEs, the capacity is relatively limited. Hence, non-anchor carrier is introduced. Up to 15 non-anchor carriers can be configured.
· UE only needs to perform cell search on anchor carrier on predefined anchor PRB. It potentially reduces UE’s time cost for cell searching.
In Rel-13, paging and random access procedure are only supported on anchor carrier. When UE performs random access procedure on anchor carrier, UE can be later reconfigured to a non-anchor carrier for data transmission and reception. In Rel-14, with the motivation to offload paging and RACH on anchor carrier since the amount of NB-IOT UEs is large, paging and random access procedure are also supported on non-anchor carrier.
In previous discussions online and offline for NES, similar concept, i.e. (non-)anchor cell, is also mentioned as a potential frequency domain NES technique, mainly to realize SSB/SIB1/Paging-less for non-anchor cells to achieve NES gain. 
According to the current Spec, offloading SSB/SIB1/paging to another cell may be technically supported without the need for further RAN1/4 input when we take legacy SCell A/D for intra-band case as a reference, e.g. SSB-less intra-band SCell. We assume the only difference between non-anchor cell and SCell is that, UE can at least perform RACH procedure on a non-anchor cell in IDLE state (FFS paging monitoring), while UE can only perform RACH procedure on SCell after the SCell is activated in RRC_CONNECTED state. Therefore, we can discuss intra-band case for (non-)anchor cell as a start. As for inter-band case, whether SSB can be offloaded to another carrier may involve further RAN1/4 study, since the Spec has not supported SSB-less inter-band SCell. 
Proposal 1 For further study of offloading SSB/SIB1 of a NES cell to anchor cell, focus on intra-band case as a start.
Proposal 2 Wait for RAN1/4 input about whether SSB of a cell can be offloaded to another inter-band cell.
Then, we may need to discuss the definition of anchor cell/non-anchor cell and the relation between them, to help us further understand what to study later. The following questions should be evaluated first:
· Whether SSB/SIB1 is only broadcasted in anchor cell?
· Whether paging is supported in both anchor cell and non-anchor cell?
· Whether random access is supported in both anchor cell and non-anchor cell?
Proposal 3 RAN2 to discuss definition of anchor cell/non-anchor cell and the relation between them:
· Whether SSB/SIB1 is only broadcasted in anchor cell?
· Whether paging is supported in both anchor cell and non-anchor cell?
· Whether random access is supported in both anchor cell and non-anchor cell?
If random access is supported in non-anchor cell, and if SSB of non-anchor cell cannot be offloaded to another inter-band cell (i.e. anchor cell), we observe that UL WUS can be applied to trigger this non-anchor cell to transmit on-demand SSB for the upcoming random access procedure. With this, non-anchor cell can reduce SSB transmission when there is no UE request and achieve some NES gain.
Proposal 4 If SSB of a NES non-anchor cell cannot be offloaded to an inter-band anchor cell, UL WUS can be a potential solution to trigger for on-demand SSB on this non-anchor cell.
BWP adaptation
Transmission bandwidth is a key factor in power consumption, thus BWP framework was introduced in NR, which enables the network to dynamically change UE’s transmission bandwidth based on the current UE’s traffic requirement, reducing UE power consumption significantly. For network energy saving purpose, when one cell is low load (including only several UEs in this cell, or all the UEs in this cell only have low traffic), the network may try to use smaller transmission bandwidth to serve all UEs of the cell. 
To achieve this, the network can configure one of UE specific BWPs of all UEs in the cell to be the same, and switch all UEs to this BWP by sending per UE BWP switching command. However, sending per UE BWP switching command to all UEs simultaneously have the below drawbacks:
· It will cause signalling overhead if the network wants to save power in the case that there are many UEs in the cell but only have low traffic. Besides, if dynamic network energy saving is pursued, this signalling overhead for BWP switching is large.  
· From the SID, finer granularity time domain network energy saving is also pursued. So, using per UE BWP switching command would increase the delay for going to sleep mode, which cannot achieve this goal.
Therefore, we prefer UE group common BWP switching, as it is more efficient. There are some potential solutions: 
· Solution 1: the network configures one of UE specific BWPs of all UEs in the cell to be the same, and switches all UEs to this BWP via group common BWP switching command;
· Solution 2: the network switches all UEs to initial BWP via group common BWP switching command;
· Solution 3: the network configures a network energy saving (NES) specific BWP, and switches all UEs to this NES BWP via group common BWP switching command. 
[bookmark: _GoBack]For Solution 1, the network can configure the default BWP of all UEs to be the same, and let all the UEs switch to the default BWP when the BWP inactivity timer expires. However, the default BWP currently is also used for solving the BWP mismatch issue between network and the UE, so this BWP should also ensure the normal transmission requirement of the UE, and that’s why the default BWP is defined as UE specific BWP. So, it is doubtful that using one BWP to cover both network energy saving requirement and UE normal transmission requirement. Besides, this solution occupies one of UE specific BWP, which will sacrifice UE’s BWP flexibility.
For solution 2 and 3, we think both initial BWP and NES BWP are ok. Comparing to the initial BWP, the extra benefit of NES BWP can give is the network can link specific resources in this BWP and perform resources adaptation by triggering BWP switching between NES BWP and normal BWP. Since the initial BWP is used for initial access, maybe the initial BWP is difficult to serve resources adaptation purpose. 
Proposal 5 RAN2 to further study group common BWP switching for dynamic network energy saving scenario. 
Proposal 6 RAN2 to further study NES BWP for dynamic network energy saving scenario. 

Conclusion
Based on the discussion, we have the following observation and proposals:
Proposal 1 For further study of offloading SSB/SIB1 of a NES cell to anchor cell, focus on intra-band case as a start.
Proposal 2 Wait for RAN1/4 input about whether SSB of a cell can be offloaded to another inter-band cell.
Proposal 3 RAN2 to discuss definition of anchor cell/non-anchor cell and the relation between them:
· Whether SSB/SIB1 is only broadcasted in anchor cell?
· Whether paging is supported in both anchor cell and non-anchor cell?
Proposal 4 If SSB of a NES non-anchor cell cannot be offloaded to an inter-band anchor cell, UL WUS can be a potential solution to trigger for on-demand SSB on this non-anchor cell.
Proposal 5 RAN2 to further study group common BWP switching for dynamic network energy saving scenario. 
Proposal 6 RAN2 to further study NES BWP for dynamic network energy saving scenario. 
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