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1. Introduction
In this contribution, we share some concerns on the C-RNTI size limit in NTN and propose some possible solutions to handle it.
2. Discussion
C- RNTI: Cell radio network temporary identifier, which is used to identify a UE in a certain cell. 
In NR, as shown in Table 7.1-1 from TS38.321 [1], the C-RNTI is a 16 bit value which can be used to identify up to 65519 UEs in a certain cell.
	Value (hexa-decimal)
	RNTI

	0000
	N/A

	0001–FFEF
	RA-RNTI, Temporary C-RNTI, C-RNTI, MCS-C-RNTI, CS-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-RNTI, INT-RNTI, SFI-RNTI, and SP-CSI-RNTI

	FFF0–FFFD
	Reserved

	FFFE
	P-RNTI

	FFFF
	SI-RNTI



Considering the typical beam footprint diameter of GEO (i.e. 200–3500 km) and non-GEO (i.e. 100 – 1000 km) shown in Table 4.1-1 from TR38.821 [2] with the assumption that one footprint covers the area of a cell, the cell size in GEO and non-GEO will be 31400km2 ~9616250km2 and 7850km2 ~ 785000km2, respectively. The NTN cell size can be even larger when a cell is covered by more than one satellite beam.
If the existing C-RNTI is used in NTN, the density of the active users which can be identified by the C-RNTI is 0.007~2.09 UE/km2 for GEO and 0.08~8.35 UE/km2 for Non-GEO, respectively.
Although we are still discussing the detailed user density and activity factor for each usage scenario, the active user density of IOT connectivity has already been agreed: 400 UE/km2 * 1.00% = 4.00 UE/km2. Taking the all the use scenarios into consideration, the active user density will be far more than 4.00 UE/km2.
Table B.2-1: Non-Terrestrial network target performances per usage scenarios
	Usage scenarios
	Peak data rate (note 1)
	Experience data rate (note 2)
	Overall UE density per km2
	Activity factor (note 3)
	Max UE speed
	Environment
	UE categories
	Sources

	
	DL
	UL
	DL
	UL
	
	
	
	
	
	

	Pedestrian
	
	
	2 Mbps
	60 kbps
	TBD
	1,50%
	3 km/h
	Extreme coverage
	Handheld
	Data rate => see 7.10.1 "extreme coverage performance" in [13];
UE density => TBD % of rural macro in [12];
Activity factor: see table 6.1.6-1 "extreme rural" in [13]

	Vehicular connectivity
	
	
	50 Mbps
	25 Mbps
	TBD
	N.A.
	250 km/h
	Along roads in low population density areas
	Vehicular mounted
	data rate and activity factor in TS 22.261[12];
UE density => TBD % of High-speed vehicle in [12]

	Stationary
	
	
	50 Mbps
	25 Mbps
	TBD
	N.A.
	0 km/h
	Extreme coverage
	Building mounted
	Data rate =>assuming per end-user 50/25 Mbps data rate and an average of 5 end-user devices per stationary UE) rate and 20% activity factor per end-user device

	Airplanes connectivity
	
	
	360 Mbps
	180 Mbps
	TBD
	N.A.
	1 000 km/h
	Open area
	Airplane mounted
	Data rate =>assuming per end-user 15/7.5 Mbps data rate and 20% activity factor per end-user devices (See [12]);
number of users per airplane: average aircraft size (assuming 120 users per plane)

	IoT connectivity (note 4)
	
	
	2 kbps
	10 kbps
	400
	1,00%
	0 km/h
	Extreme coverage
	IoT
	Device density => [15] ;
Data rate and activity factor => derived from [14] annex E.2 "Traffic models for Cellular IoT"



Thus, the C-RNTI may not be sufficient to identify all the activated UE within a cell in NTN, especially for GEO.
Observation 1: The existing 16-bit C-RNTI in NR is not sufficient to identify all the active UEs in a NTN cell, especially for GEO case.
During RAN2#106 meeting, it has been mentioned that maybe the limited C-RNTI size issue can be handled by deployment. For example, the cell can be deployed to cover a smaller area. However, it may not be sufficient to handle this issue in our understanding.
For GEO, the minimum cell size will be 31400km2 with the assumption that the cell is covered by only one beam with diameter = 200km. To support active UE with minimum density of 4.00 UE/km2, 125600 C-RNTIs are needed. 
For LEO, as the handover will happen frequently due to the movement of satellite, it is better to deploy more than one beam to cover a cell to reduce the handover rate. Thus, the LEO cell size will still be much larger than that in TN. The size limit of C-RNTI is still troublesome.
To handle this issue, we come up with two possible solutions.
· Solution 1: Extend the C-RNTI size to identify more active UEs in a NTN cell.
· Solution 2: Hard split a satellite beam into multiple cells in frequency domain. For example, network can hard split 100MHz frequency resource into 20 inter-frequency cells, the bandwidth of each cell equals to 5MHz. The C-RNTI is used to identify active UEs in the split cells and up to 20*65519 UEs can be identified in this example.
Solution 1 is quite straight forward which requires some changes in the current specs. Solution 2 is supported in NR R15 which can be used to split a satellite beam into multiple cells in frequency domain. The C-RNTI will then be used in each split cell to identify an active UE. In addition, solution 2 is also beneficial in improving the RACH capacity.
Proposal 1: The following solutions can be studied to handle the limited size of C-RNTI in NTN:
· Solution 1: Extend the C-RNTI size to identify more active UEs in a NTN cell.
· Solution 2: Hard split a satellite beam into multiple cells in frequency domain.
Since the size of the C-RNTI is defined in RAN1 and has both RAN1 and RAN2 impacts, an LS should be sent to RAN1:
Proposal 2: An LS is sent to RAN1 to ask them to also study and evaluate the two solutions [3].
3. Conclusion and proposals
With the above analysis, we have the following observation and proposals:
Observation 1: The existing 16-bit C-RNTI in NR is not sufficient to identify all the active UEs in a NTN cell, especially for GEO case.
Proposal 1: The following solutions can be studied to handle the limited size of C-RNTI in NTN:
· Solution 1: Extend the C-RNTI size to identify more active UEs in a NTN cell.
· Solution 2: Hard split a satellite cell into multiple cells in frequency domain.
Proposal 2: An LS is sent to RAN1 to ask them to also study and evaluate the two solutions [3].
4. Reference
[1] TS38.321, Medium Access Control (MAC) protocol specification
[2] TR38.821, Solutions for NR to support non-terrestrial networks (NTN)
[3] R2-1912667_[DRAFT] LS on handling the limited size of C-RNTI in NTN (FS_NR_NTN_solutions)




