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1. Background
There was a discussion contribution [1] in the past RAN WG1 meeting that the RNTI size for 5G NR is likely be larger than for LTE. This contribution reviews the motivation of increasing the number of RNTI size. 
2. Motivation of increasing the number of RNTI size
2.1. RNTI size

The number of average connected devices in a cell is calculated as follows:
· The target for connection density should be 1 000 000 device/km2 in urban environment. 
· Described in TR38.913 [2]: “The target for connection density should be 1 000 000 device/km2 in urban environment. 3GPP should develop standards with means of high connection efficiency (measured as supported number of devices per TRPx per unit frequency resource) to achieve the desired connection density.”
· ISD mMTC base station = 300m / 500m, and with one component carrier case
· Traditional macro cell size as deployed in most of the current operator mobile network
Result in = 94200 devices per cell
Considering the current LTE RNTI size (16-bit, maximum 65535), it is insufficient to support in such scenario. 

Observations 1: LTE 16-bit RNTI size may not sufficient to meet 5G requirement targets.
2.2. False detection probability

NR control channel design needs to be reconsidered by reviewing LTE control channel design. 
For LTE, considering an extremely case where a UE’s search space is fully overlapped with other UEs’ PDCCH search space, the maximum probability where a UE false detect another UE’s PDCCH to itself would be approximately 1/216 = 1.5 x 10-5 intuitively (RNTI length =16 bit in LTE). Assumption: eNB randomly pickes up a CCE in the search space and randomly pickes up a RNTI in the set.

URLLC aspects

A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms [2]. Therefore, it is suggested that a wider RNTI range shall be supported in order to avoid false RNTI detection.

Overall system false detection probability
Annex A gives an illustration of the relation between overall system false detection probability target and individual UE’s false detection probability. For 100MHz and 1000 active UEs, 1x10-5 is expected. 
Consequence
Therefore, if LTE search space design principles are inherited in NR, the 16-bit RNTI might cause higher packet error than  NR’s target. If a UE falsely detects PDCCH due to RNTI collision, some problems may occur as follow: 
· Interuption of SPS transmission : 
· If a UE finds its C-RNTI on the PDCCH(s), the PDCCH allocation may override the semi-persistent allocation for that TTI and the UE cannot decode the semi-persistent resources.
· Interruption of victim UE’s A/N transmission
· If a UE falsely detects a PDCCH, its ACK/NACK(s) transmission may interfere with the victim UE’s ACK/NACK(s) transmission.
· False uplink grant
· If a UE false detects a UL grant in PDCCH, unnecessary uplink transmission may occur which will make the victim UE unable to successfully deliver data to the base station.
· etc.
Observations 2: As NR false detection probability target may increase, reuse16-bit RNTI size will cause higher packet error and other potential issues.
3. Simulation Results 
In order to compare the performance for different CRC length, e.g., 16-bit CRC vs 20-bit CRC length, a link level simulation is done. Since different CCE size may impact the performance gap, both 4-RB and 5-RB are considered. 
A front-loaded RS pattern is also considered.  The RS is allocated in the first OFDM symbol and the REs for NR-PDCCH transmission is in the second OFDM symbol.

For 20-bit CRC, an example for CRC 20-bit was used, i.e., CRC polynomial x20 + x19 + x6 + x5 + x3 + 1, which was used in H.223. And for 16-bit CRC, LTE CRC-16bit was used, i.e., CRC polynomial x16 + x12 + x5 + 1.
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Table 1. Simulation Assumptions
	Parameter
	Assumption

	Bandwidth
	20 MHz

	Channel model
	3 Km/h, TDL-C

	Channel estimation
	MMSE

	CRC
	Alt 1: 16 CRC (same as LTE)

Alt 2: 20 CRC, x20 + x19 + x6 + x5 + x3 + 1 which was used in H.223

	Resource allocation
	1st -OS for RS, 2nd -OS for NR-PDCCH,

5 RBs are reserved for one CCE. RBs are consecutively assigned. (Overall 60 REs for NR-PDCCH)

	 Control Channel Payload
	30-bit

	Coding scheme
	Polar Code [2] 
Coded bit length 120-bit

Punctured scheme according to [2]

	Modulation scheme
	QPSK, Max-log-likehood algorithm

	Subcarrier spacing
	15kHz

	Symbol length
	Normal CP 144Ts + 2048 Ts, Ts =1/30.72us 

	Antenna configuration
	1 Tx, 1 Rx


Observations:

About 0.2-0.4dB performance loss is achieved by taken 20-bit CRC instead of 16-bit CRC (30-bit payload size). This is very close to the ideal SNR loss, i.e., (30+16) / (30+20) = 0.92 = -0.36dB.

4. Conclusion
In this contribution, we discuss NR RNTI size from NR requirement and false detection probability perspective with the following observations: 
Observations 1: LTE 16-bit RNTI size may not sufficient to meet 5G requirement targets.
Observations 2: As NR false detection probability target may increase, reuse16-bit RNTI size will cause higher packet error and other potential issues.
Observations 3: Increasing CRC size from 16 bit to 20 bit, there is only a small performance loss, around  0.2~0.4db.
Thus it is proposed that,
· 16-bit RNTI size is not enough for NR and increasing the RNTI size with RNTI scrambled on CRC is preferred. 
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Annex A : false detection performance target

The overall system level false detection probability can be translated to an individual UE’s false detection probability,
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Where Poverall is the overall system level false detection probability, PUE is the individual UE’s false detection probability, n is the number of active users in a cell.

Assuming Poverall is as the same as in LTE (1%), and n=200 for 20MHz, it results in PUE = 5x10-5

Assuming Poverall is as the same as in LTE (1%), and n=1000 for 100MHz, it results in PUE = 1x10-5
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