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In RAN2#120 [1], the following agreements regarding power saving enhancements for NTN-TN mobility were achieved:
Agreements:
1. RAN2 will first continue the investigation on the details of the TN coverage data (e.g. accuracy requirements for describing where TN network(s) is/are available) and UE storage overhead before deciding how to send the information to the UE.
2. Continue the discussion on whether to introduce explicit indication to identify TN cells from inter-frequency list and inter-RAT frequency list (FFS on the granularity) or whether we rely on implicit information.
In this contribution, we provide our analyses and proposals to resolve the remaining issues on power saving for NTN-TN mobility in IDLE/INACTIVE mode.
Discussion
RAN2 has agreed that “UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage” in RAN2 #119bis-e [2]. Referring to the figure below, in our understanding, the situation described in the agreement is that for UE camping in an NTN cell and the UE is not within, or close to, any TN network coverage (e.g., UE1 in figure 1), the UE is not required to perform neighbour cell measurements for TN neighbour cells and thus achieve power saving gain by disabling TN neighbour cell measurements. But for the UE that is within or close to the TN area, UE may need to measure all the frequencies with TN cell deployments in the corresponding area, once the TN frequency measurement is initiated. 
It should be pointed out that, the above operation does not mean that the UE shall start measurement on all TN frequencies it supports, once it reaches/approaches the area with TN coverage, as it is not guaranteed that the UE can find TN cell on whatever TN frequency it measures. This means, to realize the power saving gain via this NTN-TN mobility enhancement, the UE in the TN coverage on some frequencies should not measure the other TN frequencies w/o real deployment in the same area. Take UE2 in figure 1 as an example: UE2 is in an area where TN cell on f3 provides coverage, UE2 only needs to perform measurement TN neighbour cells on f3, but is not required to perform measurement TN neighbour cells on f1 and f2.


Figure 1: Example of UE camping on NTN cell which covers TN neighbour cells
Proposal 1: For NTN-TN mobility, an RRC_IDLE/RRC_INACTIVE UE is not required to perform neighbour cell measurements for a TN frequency in the area where there is no coverage of that frequency.
The next issue that needs to be discussed is what specific assistance information should be provided by the network for UE decides whether it is within/adjacent to the TN network coverage. For simplicity, we think a reference location and a distance threshold can be used to describe TN coverage at a given frequency. Compared with other complicated solutions, e.g. providing TN coverage border, this solution is much less complicated and friendly to UE implementation, and due to the irregular shape of the cell coverage formed by radio signals, it is hard to say that the TN coverage border can really be accurately reflected, even though much more complicated solution is used. Furthermore, in order to save power for the UE that is in the TN area according to the discussions above, the assistance information can be provided at a per frequency level, and the UE uses the per frequency assistance information to determine if it is within the TN coverage provided by the corresponding frequency as in Proposal 1.
[bookmark: OLE_LINK6]Proposal 2: A reference location and a distance threshold can be configured per frequency to indicate the TN coverage provided by the corresponding frequency.
Proposal 3: The UE uses the reference location and the distance threshold configured for a frequency to determine whether it is in the area with TN coverage provided by that frequency.
Regarding the overhead issue discussed in the last meeting, by the signalling design in Proposal 2, a reference location and a distance threshold are actually used to reflect the overall TN coverage provided together by a set of (many) cells, because what is needed here is to reflect the border of the TN coverage for each TN frequency, not individual cell’s coverage, and these two parameters can be the simplest way to do so as discussed above. Hence, it seems not necessary to introduce more signalling overhead to reflect the TN coverage at a finer granularity (e.g. at a per cell level). Considering the only two parameters per frequency and the limited number of TN frequencies deployed in a given region, it seems that the signalling overhead led by Proposal 2 will not be excessively huge. Certainly, the more accurate the TN coverage is reflected, the more power saving gain may be expected. But we believe such tradeoff between performance and signalling overhead can be well handled by gNB implementation.
Observation 1: With the signalling design in Proposal 2, the signalling overhead caused to an NTN cell is not expected to be excessively huge, with an acceptable TN coverage accuracy at a per frequency level.
Another issue left in the last meeting is whether explicit indication or implicit information can be relied on to identify TN cells from inter-frequency list and inter-RAT frequency list. In our understanding, if the assistance information is configured per frequency, the UE can simply determine that the if a frequency is associated with such assistance information for NTN-TN mobility, this frequency is a TN frequency and there are TN cells deployed on this frequency. Thus, an explicit indication to identify TN cells from inter-frequency list and inter-RAT frequency list is not needed.
Proposal 4: An explicit indication to identify TN cells from inter-frequency list and inter-RAT frequency list is not needed.
Conclusions
[bookmark: _Toc502437832]Based on the analyses given above, we have the following observations and proposals:
Observation 1: With the signalling design in Proposal 2, the signalling overhead caused to an NTN cell is not expected to be excessively huge, with an acceptable TN coverage accuracy at a per frequency level.
Proposal 1: For NTN-TN mobility, an RRC_IDLE/RRC_INACTIVE UE is not required to perform neighbour cell measurements for a TN frequency in the area where there is no coverage of that frequency.
Proposal 2: A reference location and a distance threshold can be configured per frequency to indicate the TN coverage provided by the corresponding frequency.
Proposal 3: The UE uses the reference location and the distance threshold configured for a frequency to determine whether it is in the area with TN coverage provided by that frequency.
Proposal 4: An explicit indication to identify TN cells from inter-frequency list and inter-RAT frequency list is not needed.
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