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1
Introduction
It was pointed out that different length CRCs may be needed on the PDCCHs depending on system bandwidth in [1]. The proposal is to use 16 bit CRC for less than 7MHz bandwidth, 18 bits for less than 12 MHz, and 20 bits for more than 12MHz as a way forward [2]. This is to reduce the false alarms, and hence reduce transmissions on the UL, which would result in collision with other UL transmissions.
This document analyzes at the effect of a false alarm on the PDCCH on the UL on the system.
2
CRC Errors
Note that for a N-bit CRC, the probability of false alarming (i.e., random bits passing the CRC is 2-N). If we assume that there are M users in the system trying to decode the PDCCH, the probability of anybody having a false alarm is given by: M×2-N. This is tabulated in the table below:

Table 1: PDCCH False Alarms as a Function of CRC Length
	N
	2-N
	M×2-N

	
	
	M=50
	M=100
	M=200

	16
	1.5×10-5
	1×10-3
	2×10-3
	3×10-3

	18
	3.8×10-6
	2×10-4
	4×10-4
	8×10-4

	20
	9.5×10-7
	5×10-5
	1×10-4
	2×10-4



Note that on the UL, the ACK→NAK errors are of the order of 1×10-2, and the NAK→ACK errors are of the order of 1×10-3 to 1×10-4. 
The error events can be classified as follows:

· UE interprets the PDCCH as a DL transmission indication and reads the PDSCH

· UE will surely not decode the PDSCH and transmit a NAK

· Intended user transmits a NAK, this helps in the decoding – help for worst case!!!

· Intended user transmits an ACK, possible error, but is lower by one order of magnitude.

· If at least one of the users transmits on the PUSCH; the NAK is sent on PUSCH; there is no collision.
· UE interprets the PDCCH as an UL grant and transmits a PUSCH
· This will cause a collision, but the probability of the same user expecting an UL grant, and false alarming, and interpreting the PDCCH as a valid UL grant is very low.

Thus, 16-bits should be enough.

3
Summary

We recommend that 16-bit CRCs should be used for all PDCCHs – the performance is clearly shown to be sufficient as above. This is in line with the current argument, and prevents unnecessary hardware complexity and testing based on the system bandwidth. 
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