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Introduction
[bookmark: _Hlk66110521]The NES techniques in time and frequency domains aim to reduce the power consumption by turning off some symbols/slots/frames on one or more carriers, and hence the gNB is allowed to perform some micro/light/deep sleep, depending on the interval between the contiguous active transmission/reception occasions. However, these NES techniques may increase the data transfer latency for a connected UE, as allowing a gNB to sleep means the UE is not always able to communicate with the BS. It is especially intolerable for the UEs having stringent data latency requirement if the gNB has to sleep for a very long period of time, such as hours. For those UEs not able to tolerate such a long network access latency, it is important to allow the UEs to reselect and camp on a cell that does not enable the network power saving techniques or has minimal impact to the UE, before the UEs need to establish the connection with the gNB for data transmission/reception.
This paper first analyzes if the existing RRC signaling for cell reselection needs to be improved for supporting the NES, and then comes out with several proposals that aim to enhance RRC reselection signaling based on our analysis/observation.
Discussion
Regarding the gNB behaviors during the non-active (i.e., off) period in the cell DTX/DRX mode, there are four possibilities according to TR 38.864 [1]:
· Example 1: gNB is expected to turn off all transmission and reception for data traffic and reference signal during Cell DTX/DRX non-active periods
· Example 2: gNB is expected to turn off its transmission/reception only for data traffic during Cell DTX/DRX non-active periods (i.e., gNB will still transmit/receive reference signals)
· Example 3: gNB is expected to turn off its dynamic data transmission/reception during Cell DTX/DRX non-active periods (i.e., gNB is expected to still perform transmission/reception in periodic resources, including SPS, CG-PUSCH, SR, RACH, and SRS)
· Example 4: gNB is expected to only transmit reference signals (e.g., CSI-RS for measurement)
If a gNB acts like Example 1 or Example 4 above, before the gNB starts a cell non-active period, all the idle/inactive UEs that has to listen for the paging during the cell non-active period may need to leave the gNB and camp on another gNB that does not affect the UE operation with regard to the paging monitoring. However, without knowing the exact time when the serving cell will start the cell non-active period, the UE may experience coverage loss after the serving cell has started the cell non-active period, as the UE may not be able to trigger the neighbor cell measurement in time. Moreover, based on the current cell reselection criteria, an idle/inactive UE would evaluate/rank cells (including the serving and neighbor cells) without taking into account the impact of the network energy saving feature. As a result, even if the UE is able to trigger the neighbor cell measurement in time, the UE may remain in the serving cell or may reselect to another cell that still has the cell non-active periods overlapping with the paging occasions (POs) of the UE.
To facilitate the cell reselection evaluation before the serving cell starts the NES mode, the network should inform the RRC_IDLE/INACTIVE UE of an upcoming cell non-active period. As such information is intended for the UE in the idle/inactive state, it should be transmitted via the system information, or transmitted via the RRC Release message before UE entering the idle/inactive state. The information regarding the upcoming cell non-active period should include at least the arrival time and the duration of the cell non-active period, which can be used by the UE to determine whether UE’s POs may be affected by (i.e., overlap with) the cell non-active period. 
[bookmark: _Toc131764424][bookmark: _Toc134611951][bookmark: _Toc134612418][bookmark: _Toc134696763]The NW informs the RRC_IDLE/INACTIVE UE of an upcoming cell non-active period, via either 1) the system information, or 2) the RRC Release message. 
[bookmark: _Toc134696764]The information provided by the NW regarding an upcoming cell non-active period includes at least the arrival time and the duration of the cell non-active period.
To facilitate a UE to reselect and camp on another cell before the serving cell starts a cell non-active period, the NW can signal a common NES offset in addition to the cell-specific offset, which is to be applied to all the cells operating in the NES mode. Since the purpose of applying such a NES offset is to make it less likely for a UE to camp on a NES cell, the common NES offset should be a negative value. The common NES offset can be signaled to the UE in a broadcast manner (e.g., in the system information) or in a dedicated manner (e.g., in the RRC Release message). Alternatively, the NW can signal a cell-specific NES offset in addition to the legacy cell-specific offset, for each cell operating in the NES mode. By assigning different cell-specific NES offset values to different cells, the NW can reflect better how intensively a cell is/will be using the NES mode.
[bookmark: _Toc134696765]For the cell reselection evaluation purpose, the NW signals either 1) a common NES offset that is to be applied to all the cells operating in the NES mode, or 2) a cell-specific NES offset per cell operating in the NES mode. 
[bookmark: _GoBack]If the NW signals a common NES offset, the NW may also need to provide the information regarding which cells are/will be operating in the NES mode, so that the UE can apply the offset to the cells properly. The NW can provide such information through a new IE/flag associated to that cell listed in the IntraFreqNeighCellList/InterFreqNeighCellList IE, where the presence of the IE/flag means the associated cell is/will be in the NES mode. On the other hand, if the NW signals within the IntraFreqNeighCellList/InterFreqNeighCellList IE a cell-specific NES offset per cell operating in the NES mode, UE can know implicitly whether a neighbor cell is in the NES mode based on whether the cell is associated with a cell-specific NES offset. Alternatively, the NW can provide in the system information a separate list listing the neighbor cells that are/will be operating in the NES mode, and optionally the cell-specific NES offsets associated these cells. 
[bookmark: _Toc134696766]The UE can know from the system information whether a neighbor cell is/will be operating in the NES mode. FFS on whether it is known implicitly or explicitly. 
Conclusions
In this paper, the cell reselection enhancements for supporting NES are discussed. Based on the discussion, we respectfully ask RAN2 to discuss and consider the following proposals.
Proposal 1	The NW informs the RRC_IDLE/INACTIVE UE of an upcoming cell non-active period, via either 1) the system information, or 2) the RRC Release message.
Proposal 2	The information provided by the NW regarding an upcoming cell non-active period includes at least the arrival time and the duration of the cell non-active period.
Proposal 3	For the cell reselection evaluation purpose, the NW signals either 1) a common NES offset that is to be applied to all the cells operating in the NES mode, or 2) a cell-specific NES offset per cell operating in the NES mode.
Proposal 4	The UE can know from the system information whether a neighbor cell is/will be operating in the NES mode. FFS on whether it is known implicitly or explicitly.
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