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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The Rel-18 SI “Study on network energy savings for NR” [1] was approved in RAN#94 meeting, with the following objective for network energy saving (NES) techniques:
	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


In TR36.887 [2], candidate NES techniques for LTE are studied, with potential scenarios, solutions, and evaluations. It is much worthy to take these techniques into consideration for NR NES. Also, in RAN1#109 meeting [3], a number of candidate techniques for NES were identified, some of which would have RAN3 impact.
In this paper, we discuss some candidate NES techniques that are inspired by LTE TR36.887 [2] and RAN1 conclusions [3].
Discussion
In TR 36.887, two candidate NES techniques for LTE were studied – cell ON/OFF and transmission power optimization. Next, we discuss how to apply these two techniques to NR. Besides, we will analyse the potential RAN3 impact of the Cell DTX technique which is proposed in RAN1. 
2.1 Cell activation/deactivation
Generally, the following scenarios can be considered for cell activation/deactivation in NR, similar with those for LTE in TR 36.887.
· Scenario 1: Overlaid scenario, where the coverage is provided by the umbrella cell and the high throughput is provided by small hotspot cells (as shown in Fig. 1a). In this scenario, one or more hotspot cells can be switched off for NES when the load becomes low in these cells. 
· Scenario 2: Non-overlaid scenario (as shown in Fig. 1b). In this scenario, if one cell is switched off, the neighbour cells can extend their coverage to compensate for this dormant cell.
Currently over Xn interfaces, when a cell is switched off, the NG-RAN node hosting this cell can indicate the Deactivation Information towards its neighbour NG-RAN nodes; and when neighbour NG-RAN nodes decide to request the activation of this cell, they can send the Cell Activation Request to the NG-RAN node hosting this cell. Note that such mechanism has also been introduced for the inter-system scenario during the R17 SON/MDT topic. 
Observation 1: The Xn specification already supports the cell activation/deactivation mechanism. 
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(a) Overlaid scenario                        (b) Non-overlaid scenario
Fig. 1: Scenarios for cell activation/deactivation
To make efficient decisions on which dormant cell to activate, one candidate technique identified in TR 36.887 is
· UE detection of DL signalling from the inactive or dormant cell.
This has been supported in LTE by introducing the discovery reference signal (DRS), which consists of a combination of PSS/SSS, CRS and CSI-RS with a periodicity of 40, 80 or 160 ms. The dormant cell broadcasts DRS periodically and the UEs can measure the DRS and report the results to the active cell to facilitate the decision of requested cell activation.
In our understanding, the similar technique can be considered for NR. The initial conclusion in RAN1#109 [3] has already covered this aspect, as follows: 
	a) support of periodic and/or on-demand reference signal(s) from the gNB to aid discovery of a cell;
b) Mechanism to utilize potential energy saving states or sleep modes and the transition between states from leveraging cell on/off opportunities
· including studies of waking up gNB due to user traffic, or user density, or gNB receiving wake up signal
· including technique to allow discovery and measurement of cells in sleep or dormant states
<Skip the irrelevant>


[bookmark: _Hlk110075877]One candidate DRS signal for NR is light SSB, i.e. SSB (or a simplified version of SSB) with longer periodicities. The detailed design of DRS signal is within the scope of RAN1 and RAN2, while RAN3 can study the possible enhancement to inter-node procedures to support DRS coordination, e.g. the inter-node negotiation on DRS configuration for both intra- and inter-system case, etc.
[bookmark: _Hlk110082372]Proposal 1: RAN3 can study the possible enhancement to inter-node procedures to support DRS in NR, e.g. the inter-node negotiation on DRS configuration for both intra- and inter-system case. 
2.2 Transmission power optimization
The technique that optimizes the BS transmission power without completely switching off cells was studied in TR 36.887. The solutions allow the eNBs or OAM to decide the transmission power adjustment of eNBs, with a requirement that any coverage hole should not be involved, as shown in Fig. 2. The following conclusions of transmission power optimization are provided in TR 36.887:
	1.	The gain offered by the TX power optimization depends on the network deployment margins;
2.	If the margins are low, the gain may be too low to justify the effort needed to implement automatic optimisation;
3.	If such optimisation is decided justifiable, the solution must provide mechanism to guarantee cell border stability and user accessibility.


RAN1 also identified the power-domain techniques as follows [3]: 
	Further study the necessity of RAN1 change for techniques and enhancements for adaptation of transmission power/processing and/or reception processing of signals/channels by the gNB, including (but not limited to) the following aspects:
a) dynamic adjustment of transmission power
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Fig. 2: Joint BS transmission power adjustment
For NR NES, RAN3 can further study the transmission power optimization, taking the above as starting point and focusing on necessary information exchange of power or coverage adjustment over Xn and F1. In addition, the Coverage and Capacity Optimization (CCO) issues, including coverage and cell edge capacity, can be taken as baseline, since the cell coverage may be changed due to transmission power adjustment. It can be further evaluated whether the legacy CCO solutions such as the Cell coverage state, Cell Replacing Info and SSB coverage modification list information are sufficient for supporting the transmission power optimization techniques.
Proposal 2: RAN3 can consider transmission power optimization for NES, focusing on necessary signalling and CCO issues. 
[bookmark: _Hlk109831288]2.3 Cell DTX
In RAN1#109 meeting, the dynamic UE C-DRX configuration was discussed, with the following agreement. 
	a) dynamic adaptation of UE C-DRX configurations in a UE-group or cell-specific manner


The cell DTX can be enabled by aligning UEs’ C-DRX patterns, i.e. the UEs are configured with the same C-DRX pattern such that the UEs enter sleep mode with the same periodicity and start transmission and reception at the same time, and then the cell can be switched off during the sleep period of UEs, as shown in Fig. 3. Though this technique can achieve NES, it may have impact to UE, e.g. the DL perceived throughput of UEs may be reduced due to the alignment of C-DRX patterns. Therefore, how to properly align the DRX configurations of UEs should be further studied, which is mainly within the scope of RAN1.
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Fig. 3: Cell DTX / UE group C-DRX
[bookmark: _Hlk110344119]In MR-DC cases, the NG-RAN nodes may need to coordinate with the DRX configurations to facilitate the UE operation. If the adaption between the group common DRX-config and UE specific DRX-config happens, RAN3 can further study whether or how to support the DRX coordination. Also the DRX coordination can be studied during the handover case, e.g., for DAPS and/or L1/L2 based handover. 
Proposal 3: RAN3 can study the impact of cell DTX/UE group common DRX technique to MR-DC and even the handover case.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]Conclusion
In this paper, we discussed the candidate NES techniques based on TR 36.887 and RAN1’s conclusions, and made the following observations and proposals:
Observation 1: The Xn specification already supports the cell activation/deactivation mechanism. 
Proposal 1: RAN3 can study the possible enhancement to inter-node procedures to support DRS in NR, e.g. the inter-node negotiation on DRS configuration for both intra- and inter-system case. 
Proposal 2: RAN3 can consider transmission power optimization for NES, focusing on necessary signalling and CCO issues. 
Proposal 3: RAN3 can study the impact of cell DTX/UE group common DRX technique to MR-DC and even the handover case. 
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