[bookmark: _Hlk37418177]3GPP TSG-RAN WG2 Meeting #123	R2-2307579
Toulouse, France, 21st – 25th of August 2023	


Agenda item:	7.7.4.1.1
Source:	Nokia, Nokia Shanghai Bell
Title:	On TN Coverage Definition and TN to NTN Reselections
WID/SID:	NR_NTN_enh-Core
Document for:		Discussion and Decision
Introduction
In this paper we provide our further view regarding IDLE mode enhancements for NTN in Rel-18. In particular, we focus on the remaining aspects for TN Coverage Area definition and the need for cell reselection enhancements from TN to NTN.  
[bookmark: _Hlk510705081]TN Coverage Area
During online discussion at RAN2#122 (May 2023) the following has been agreed [1]:
	Agreements:
1.	An RRC_IDLE/RRC_INACTIVE UE is not required to perform neighbour cell measurements for cell reselection for a TN frequency in the area, if configured, where there is no coverage of that frequency, regardless of the frequency priority
2.	Reuse the same format of Rel-17 referenceLocation and distanceThresh for signaling the TN coverage area centre and radius
3.	TN coverage info is NOT included in SIB19. FFS if we use an existing SIB or a new one
4.	We don’t introduce RRC dedicated signalling to provide more accurate TN coverage information



The topic has been continued via offline discussion (report available in [2]) and the following additional decision has been made [1]:
	Agreements:
1.	We no longer consider option 3 alone for signaling the frequency information for TN coverage area (in case option 3 should be combined with option 1). Come back in the next meeting to decide between option 2 (plus possible fixes if needed) and option 1+3.



For completeness, the options referred above for TN coverage signaling are provided below:
· Option 1: Frequency information (i.e. a list of TN frequencies) for each TN coverage area is indicated directly under each TN coverage area configuration.
· Option 2: A TN coverage area configuration is associated with a TN coverage Area ID. The frequency information for TN coverage area is indicated by adding TN coverage area IDs in SIB4 and SIB5.
· Option 3: Frequency index bitmap is indicated under each TN coverage area, where the frequency index refers to the frequency’s position in the frequency list of the current SIB4.

As can be quickly noticed, the only options which are still considered are either Option 2 (i.e. using area identifier) or the combination of Option 1 and 3. Option 1 or Option 3 alone are not relevant as they have been found inefficient in terms of the signaling. 
Observation 1: As per RAN2#122 decisions, the information on the TN coverage area will be signaled either using Option 2 or the combination of Option 1 and Option 3.
One of the points raised during RAN2#122 against adopting Option 2 was related to the lack of flexibility of this approach, as it does not allow to signal other frequencies than those already available in SIB4 and SIB5. However, the combination of Option 1 and Option 3, wherein the bitmap is supposed to be provided under each TN coverage area entry in the list, also has this potential drawback (if this is indeed a “problem”). 
Observation 2: Neither Option 2, nor the combination of Option 1 and 3 allow to signal other frequencies than already included in SIB4 or SIB5.
However, this does not seem to be an issue, especially as all is subject to proper network configuration. I.e. if the gNB wants the NTN UE to be aware of certain frequency for terrestrial coverage, this frequency can be listed in the legacy SIB4 or SIB5. 
Observation 3: If the gNB wants the NTN UE to be aware of certain frequency for terrestrial coverage, this frequency can be listed in the legacy SIB4 or SIB5.
From the signaling point of view there is not a large difference between Option 2 and combined Option 1 and 3. For Option 2, if e.g. up to 8 TN coverage areas are assumed then 3 bits are used under each frequency entry in the list of frequency carriers in SIB4. This is valid when a single TN coverage area is mapped to each frequency. More likely, there would be multiple areas having the same frequency, so the bit consumption would be higher.
Observation 4: There may be up to 8 frequencies in the InterFreqCarrierFreqList in SIB4, each could be linked to more than a single TN coverage area.
Assuming, for example two TN coverage areas per frequency, this requires 2 x 3 x 8 bits = 48 bits. 
Observation 5: In Option 2, 48 bits are needed if two areas per frequency are signaled, and each area ID consumes 3 bits.
Combined Option 1 and 3 has a clear disadvantage of always signaling a bitmap of a fixed size. Under each TN coverage information there will be e.g. 8 bits, one per each frequency available in SIB4. And it might turn out that most of those bits are equal to zero.
Observation 6: Option 1+3 requires to always signal the same number of bits, equal to the number of frequencies in SIB4, even if for particular TN coverage area there is e.g. just a single frequency to indicate. 
Considering all of the above (plus potential other aspects which we have not even thought about), we suggest the following:
Proposal 1: Option 2 (A TN coverage area configuration is associated with a TN coverage Area ID. The frequency information for TN coverage area is indicated by adding TN coverage area IDs in SIB4 and SIB5) is adopted for signaling the TN coverage area information in Rel-18 NTN.      
TN-NTN reselection enhancements
Another topic which has been discussed in [1] and [2] was related to the presence of NTN cell information in TN cell. It was attempted to clarify what kind of scenario is to be addressed, what NTN neighbour cell information is needed and whether without this information the UE can make measurements towards NTN at all. Regarding the scenario, this is apparently needed for TN --> NTN reselection in IDLE mode. In our view, this direction is not the main priority in the list of enhancements considered in this Rel-18 WI, especially considering what has been explicitly stated in the WID [4]:
	o	Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]



Obviously, it does not mean TN-NTN enhancements are forbidden, but considering the tight schedule, we shall prioritize certain objectives in this WI, especially if this is directly suggested in the WID. 
Observation 7: As per Rel-18 WID, cell reselection (mobility) enhancements for NTN to TN are prioritized.
In addition, we need to clarify if the UE without such assistance information on the NTN cells, can measure towards them at all. According to our understanding, UE can still detect and measure NTN cells. Perhaps it could take a bit more time if the UE does not know the Doppler shift, etc. However, the lack of NTN information in the TN cell does not prevent the UE from measuring on the NTN carriers. 
Observation 8: NTN-capable UE while being in TN cell can measure on NTN frequencies even without NTN assistance information (such as ephemeris, common TA, etc.). 
It has to be noted that ephemeris consumes a considerably high amount of bits, so providing it in the TN’s system information, possibly for multiple NTN neighbour cells, will also introduce a non-negligible signalling burden.
Observation 9: Providing NTN assistance information in the TN’s SIB, possibly for multiple NTN neighbour cells, will introduce a non-negligible signalling burden.
Thus, we suggest the following: 
Proposal 2: In Rel-18 NTN WI RAN2 does not pursue enhancements for TN -> NTN cell reselection.
Conclusion
The following observations and proposals were made in this document:
Observation 1: As per RAN2#122 decisions, the information on the TN coverage area will be signaled either using Option 2 or the combination of Option 1 and Option 3.
Observation 2: Neither Option 2, nor the combination of Option 1 and 3 allow to signal other frequencies than already included in SIB4 or SIB5.
Observation 3: If the gNB wants the NTN UE to be aware of certain frequency for terrestrial coverage, this frequency can be listed in the legacy SIB4 or SIB5.
Observation 4: There may be up to 8 frequencies in the InterFreqCarrierFreqList in SIB4, each could be linked to more than a single TN coverage area.
Observation 5: In Option 2, 48 bits are needed if two areas per frequency are signaled, and each area ID consumes 3 bits.
Observation 6: Option 1+3 requires to always signal the same number of bits, equal to the number of frequencies in SIB4, even if for particular TN coverage area there is e.g. just a single frequency to indicate. 
Proposal 1: Option 2 (A TN coverage area configuration is associated with a TN coverage Area ID. The frequency information for TN coverage area is indicated by adding TN coverage area IDs in SIB4 and SIB5) is adopted for signaling the TN coverage area information in Rel-18 NTN.      
Observation 7: As per Rel-18 WID, cell reselection (mobility) enhancements for NTN to TN are prioritized.
Observation 8: NTN-capable UE while being in TN cell can measure on NTN frequencies even without NTN assistance information (such as ephemeris, common TA, etc.). 
Observation 9: Providing NTN assistance information in the TN’s SIB, possibly for multiple NTN neighbour cells, will introduce a non-negligible signalling burden.
Proposal 2: In Rel-18 NTN WI RAN2 does not pursue enhancements for TN -> NTN cell reselection.
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