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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
One objective of the NR network energy saving SID [1] is the following.
	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


This contribution provides our considerations on the frequency domain techniques and potential UE assistant information for network energy saving.
2. Discussion
Frequency domain
· UE group common BWP switching:
Transmission bandwidth is a key factor in power consumption. Therefore, BWP framework is introduced in NR, which enables the network to dynamically change UE’s transmission bandwidth based on the current UE’s traffic requirement, which can save UE power significantly. Similarly, at the network side, when one cell is low load (for example, there are several UEs in this cell, or all the UEs only have low traffic), the network may try to use smaller transmission bandwidth to serve all UEs of the cell. 
 [image: ]

Figure 1. UE group common BWP switching mechanism

Currently, to achieve this, the network can pre-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 will cause signalling overhead and delay for going to sleep mode, which is low efficient. Therefore, we prefer UE group common BWP switching.  And there are two potential solutions: 
· Solution 1: the network pre-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 pre-configures a network energy saving (NES) specific BWP, and switches all UEs to this NES BWP via group common BWP switching command. 
We think that both solutions are feasible. Considering the solution 1 occupies one of UE specific BWP, which will sacrifice UE’s BWP flexibility, so we slightly prefer the NES specific BWP. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]   RAN2 to study group common BWP switching.

· UE group common handover:

 
[bookmark: _GoBack]
Figure 2. UE group common handover
When cell A is low load, the network may turn off the cell A for network power saving. In order to offload current connected UEs of this cell to neighbor cells as soon as possible, the network needs to send handover command to each UE in a short time, which will cause signaling overhead and delay for turning off the cell A. Thus, we think UE group common handover as a more efficient way can be investigated. Considering handover command basically include UE specific configuration, which is not suitable to be sent to the UE in group-based manner. Also, considering offload all the UEs to the same target PCell will increase the burden of the target cell. Based on these, we think it is more reasonable for the network to preconfigure the candidate target cells to the UEs in advance, and triggers the UEs to perform handover when the network decides to turn off cell A. The trigger signaling can be a group common DCI or cell common DCI. Since preconfigure candidate PCells have been supported in CHO scheme, we think this may be easily supported by CHO enhancement. Thus, we propose the following:
RAN2 to study CHO based UE group common handover.
UE assistant information
If the network dynamically adjusts its transmissions and/or receptions according to the fluctuation of the UEs’ requirement, the network can improve power efficiency significantly. The transmission/reception adaptation operation the network may take can include serving cell on/off, adjusting control signal transmission period, transmitting control signal via on-demand based or group based manner, etc. To achieve this, the network needs the assistance from the UEs. 
Currently, the network knows the DL data volume of the UEs’ and obtains the UEs’ UL data volume in their buffer via BSR. Then, the network allocates resources to the UEs accordingly. However, the network does not know when the UL data will arrive at the UE side, so for the tradeoff between network energy saving and UE fast start transmission, the network may reserve some resources and monitor the corresponding channels for the UE which requires the network to keep the corresponding UL/DL RF chains power on. If the UE has available predicted requirement, reporting such information to the network will help the network to save more power. Here are some examples. 
· If the UE has available predicted traffic information, after receiving this information from the UE in advance, the network may wake up the sleep cell and transmit the corresponding reference signals to the UE just before the arrival of the traffic. 
· If there is no RRC connected UEs in the cell A, the network may decide to change the cell A to sleep mode. But before that, it would be better to check if any UE is going to handover to the cell A, which can avoid frequent cell on/off switching. To achieve this, neighbor cells can trigger the UE sending mobility related information, which may include the UE planned route info. 
RAN2 to study UE predicted information (e.g., traffic, mobility) reporting for network energy saving purpose. 
Besides, when the serving cell decides to go to sleep mode, it would be better to allow the UE to indicate its preference, for example, if the UE is under low power situation, the UE may prefer to leave RRC Connected state, or if the UE has found a neighbor cell with good quality, the UE may prefer to handover to this cell. Currently, the UE can indicate its preference on its configuration to the network via UE assistant information message for UE specific purposes, for example, UE power saving, UE overheating, multi-USIM, IDC problem. It is unclear how this framework can serve for network energy saving purpose. It is mostly likely that some triggers need to be defined for reporting UE assistant information, for example, periodic triggers, event triggers, network request based, etc. 
RAN2 to study how to trigger UAI for network energy saving purpose. 
3. Conclusion
In this paper, the following proposal are given:
1. RAN2 to study group common BWP switching.  
RAN2 to study CHO based UE group common handover. 
RAN2 to study UE predicted information (e.g., traffic, mobility) reporting for network energy saving purpose.
RAN2 to study how to trigger UAI for network energy saving purpose. 
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5. Appendix (RAN1 Agreements)
RAN1#109e
Agreement
Further study techniques and enhancements for frequency resource usage adaptation by the gNB, including (but not limited to) the following aspects:
1) For operations with single-carrier or within a single CC
a) Enhancements to dynamic bandwidth adaptation
· including adjustments to RBs and/or BWP used by (Rel-18) UEs for transmission and reception, reducing BWP switch delay, UE-group BWP switching, and joint adaptation of transmission bandwidth and power spectral density
b) supporting UE group-common BWP or cell-specific BWP or dedicated BWP for network energy savings, and related BWP switching mechanism
c) Enhancements for the case of frequent BWP switching such as resource configurations for SPS PDSCH and Type-2 CG PUSCH
2) For operation with multi-carrier
a) enablement of reducing/adapting common channels/signals for some CC in multi-carrier operations
· including enablement of SSB-less secondary cell operation for some CC in case of inter-band CA. For SSB-less cell operation enablement, study the conditions and restrictions required for the operation and the related procedures for idle/inactive/connected UEs including SCell activation procedure with potential RAN4 involvement
· including enablement of SIB-less operation for some CC in case of intra-band and inter-band CA.
· Reducing/adapting gNB’s transmission/reception of other common channels/signals (than SSB) and TRS for some CC in multi-carrier operations
b) enhancements on Scell activation and deactivation, enhancements on Scell dormancy and dynamic Pcell switching
· including triggering conditions and methods for signaling activation/deactivation
· including UE group common dynamic Pcell switching

Agreement
Further study techniques and enhancements on assistance information from the UE to aid the gNB to perform energy saving techniques
· Some examples of assistance information are, but not limited to:
· preferred SSB configurations,
· indication of semi-static UL channel transmissions,
· indication of UE’s buffer status for UL channel transmissions, 
· UE traffic information such as service priority, delay tolerance, data rate, data volume, traffic type, time criticality, and packet size(s), 
· coverage, mobility status, location.
· conditions for triggering the assistance information from the UE
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