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1 Introduction
 RAN2 #54 discussed UE identities and decided that the C-RNTI provided a unique UE identification at the cell level identifying RRC connection [1]. Although the C-RNTI length is assumed to be 16 bits, the number of active UEs in a cell has not been clarified [2]. It is important to clarify the maximum number of active UEs in a cell rather than the minimum number of those (e.g. 2,000 at the minimum for 20MHz). Therefore, this paper investigates the maximum number of active UEs in a cell.
2 Discussion
2.1 Method for estimation of active UEs

The number of active UEs in a cell is estimated as follows:

1. Population density per sector is estimated using the number of subscribers, user concentration rate (users/km2) and sector dimensions, where a sector means an area covered by sector antennas as shown in Figure 1. Population_Density_per_Sector = Number_of_Subscribers * User_Concentration_Rate * Sector_Dimensions  (1)
2. Bandwidth which users per sector require is estimated assuming traffic models.             Required_Bandwidth_per_Sector = Population_Density_per_Sector * Average_User_Data_Rate   (2)
3. Required number of cells (or carriers) per sector is estimated using the average cell throughput. Required_Number_of_Cells = Required_Bandwidth_per_Sector / Average_Cell_Throughput   (3)
4. Number of users per cell is estimated using the population density per sector and the required number of cells. Number_of_Users_per_Cell = Population_Density_per_Sector / Required_Number_of_Cells   (4)
5. Number of active UEs per cell should be estimated in consideration of holding time in RRC_CONNECTED and activity factor.
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Figure 1: Definition of sectors and cells in this paper
2.2 Estimation conditions

Table 1 shows estimation conditions.

Table 1: Estimation conditions

	Items
	Values

	Subscribers
	50,000,000 [users]

	User concentration rate [4] (it is assumed that the user concentration rate for LTE will be the same as that of PDC and UMTS in Japan)
	0.0027 [/km2]

	Cell structure
	Hexagonal, 3 sectors

	Cell radius
	100, 500 [m]

	Average cell throughput [3]
	7.3 [Mbps] / 5 [MHz]

	Traffic model for real time services
	Call attempts: 1 [call/hour]
Holding time: 90 [s]

Activity factor: 50 [%]
Data rate: 12.2 [kbps]

	Traffic model for non-real time services
	Call attempts: 2 [calls/hour]

Total packet size: 200k, 2M [Byte/call]


2.3 Required C-RNTI length

Table 2 shows the estimation results of the number of users and the required C-RNTI length.
Table 2: Number of users per cell and required C-RNTI length

	Packet size per call
	2 MByte
	200 kByte

	Cell radius
	500 m
	100 m
	500 m
	100m

	Number of users for 5MHz bandwidth cell
	790 users
	585 users
	5846 users
	1170 users

	Cell specific RNTI length for 5MHz bandwidth cell
	10 bits
	10 bits
	13 bits
	11 bits

	eNB specific RNTI length for 5MHz bandwidth eNB
	12 bits
	12 bits
	15 bits
	13 bits

	Cell specific RNTI length for 20 MHz bandwidth cell
	12 bits
	12 bits
	15 bits
	13 bits

	eNB specific RNTI length for 20 MHz bandwidth eNB
	14 bits
	14 bits
	17 bits
	15 bits


Table 2 shows that the required C-RNTI length is 10-17bits if RRC_CONNECTED UEs with low activity level keep on holding RRC connections.
2.4 Concerns about C-RNTI length
For HSDPA, UE specific masking for HS-SCCH is performed using the 16bit H-RNTI. At the RAN2 #33 meeting, it was pointed out that false UE detection on the HS-SCCH would force users to decode data on HS-DSCH intended for other users [5][6]. In order to avoid the problem, network operators could choose to employ only a subset of H-RNTIs so that a minimum Hamming distance of 4 is assured. Consequently, the number of available H-RNTI sequences is 211=2048 instead of 216=65536.
In LTE, C-RNTI may be used for scheduling and UE specific masking for L1/L2 control channel may be performed using the C-RNTI. Although C-RNTI for LTE is assumed to be 16bits, if the same limitations as for the H-RNTI in HSDPA apply, only a subset of the 216=65536 sequences (e.g. 211=2048) may be “meaningful”. Therefore, a minimum distance between C-RNTIs which would minimize false UE detection on the L1/L2 control channel should be investigated.
If there are concerns about false UE detection on the L1/L2 control channel, some one of UE specific masking for the CRC field on shared data channel, explicit inclusion of the C-RNTI into the MAC header or longer C-RNTI should be introduced.
3 Proposal

 This paper analysed the required C-RNTI length and showed that the maximum required C-RNTI length may be less than 16 bits, the current RAN2 working assumption for the C-RNTI field length, in 20 MHz bandwidth cell. However, if UE specific masking is performed on the L1/L2 control channel using the C-RNTI, it should be clarified whether all of the 216=65536 sequences can be actually used in order to avoid false UE detections. 
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