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1. Introduction

The need for CRC length larger than 16 was raised in the previous meetings. In particular, an additional CRC length of 20 was proposed in [1, 2] to accommodate system bandwidth higher than 5MHz. Since the need for an additional length of 20 was not agreed in RAN1#51bis, it was proposed to continue discussion on the reflector [3]. The status of discussion was more or less the following:

· The discussion should focus on the impact of false detection on PUSCH. 

· Only UL grant detection is considered and hence the number of blind decodes is limited to 20 (as opposed to the working assumption of 40 in [3]). This implicitly assumes that the DL and UL grants are separately allocated, an assumption that was implicitly assumed but not yet agreed upon. In addition, the additional blind decodes due to the miscellaneous format (D-BCH, RACH response, PCH) are not taken into account, which occurs occasionally. 
· There was no consensus regarding the required number of active UEs per cell as a function of system bandwidth.
This contribution attempts revisit the need for longer CRC based on the current discussion state.
2. Number of Active UEs per Cell
Currently, there are 2 interpretations regarding the number active UEs per cell.
2.1. Interpretation 1: Requirements based on TR25.913 [4]
The following is obtained from TR25.913 Section 6.2.1 (highlighted in blue):
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Figure 6.1: An example of state transition

6.2.1.1
C-plane Capacity

The system should be able to support a large number of users per cell with quasi instantaneous access to radio resources in the active state. It is expected that at least 200 users per cell should be supported in the active state for spectrum allocations up to 5 MHz, and at least 400 users for higher spectrum allocation. A much higher number of users is expected to be supported in the dormant and camped state. 
Three states were defined above: active, dormant, and camped. Since both active and dormant states corresponding to RRC_CONNECTED, the active state corresponds to LTE_ACTIVE (i.e. non-DRX).  

Based on the above requirements, it can be concluded that the number of active UEs should be >200 for 5MHz bandwidth and >400 for >5MHz bandwidth. Assuming the best-case scenario, the following assumption can be used:
· 200 active UEs per cell for BW≤5MHz
· 400 active UEs per cell for BW>5MHz

This interpretation was the basis of the recommendation in [1] and [2].
2.2. Interpretation 2: Analysis based on typical traffic patterns [5]

This interpretation starts with the following assumptions:
· It is assumed that the number of RRC_CONNECTED UEs is 250 for 5MHz bandwidth and 1000 for 20MHz bandwidth. 

· The number of active (non-DRX) UEs with data in the buffer should be calculated based on the different traffic patterns.  In particular, the down-time in voice activity for VoIP and reading time for web-browsing should be regarded as DRX. 
· Based on the assumptions and the traffic model, the following the set of numbers of active UEs per sub-frame was proposed in [4] for several traffic models:
Table 1. The number of non-DRX UEs with data in the buffer (5MHz bandwidth) per sub-frame
	Traffic model
	Calculation (5MHz)
	Non-DRX UEs with data in buffer per sub-frame

	
	
	5MHz
	20MHz

	VoIP
	250 x (4/10) x (1/20)
	5
	20

	Web-browsing HTTP
	250 x   2330/(30000+2330) x 0.33
	6
	24

	Web-browsing ETSI
	< 100 x   206/(5000 + 206) x 0.33
	<2
	<8

	FTP
	< 45 x    16000/(180000+16000)
	<4
	<16


The above numbers are much lower than those given in Interpretation 1. The main reasons are perhaps due to the starting assumption (the number of RRC_CONNECTED UEs) as well as taking into account the DRX.
Some comments can be made regarding the above analysis:
· It is assumed that the UE does not read the PHICH and PDCCH for UL and/or DL grants during the shorter DRX (e.g. downtime in voice activity, which is 6/10). 
· In the case of VoIP, the factor 1/20 is aligned with the typical VoIP persistent transmission interval of 20ms. This, however, holds only for the first UL transmission. Since retransmissions will occur quite frequently (e.g. with the initial target BLER of 10-30%), the 8-ms UL synchronous HARQ interval needs to be taken into account. It is then fair to use a factor of ~1/10 instead of 1/20 to account for the possibility of retransmissions. 
Taking the second point into account, we modify the first row in Table 1 as follows:
	Traffic model
	Calculation (5MHz)
	Non-DRX UEs with data in buffer per sub-frame

	
	
	5MHz
	20MHz

	VoIP
	250 x (4/10) x (1/10)
	10
	40


Hence, the VoIP scenario is now the limiting case that is used to assess the required CRC length for PDCCH. 

3. Target Collision Probability
To assess the effect of collision probability on the uplink throughput, system-level simulation was performed. The assumptions are given in the Appendix and the results are summarized in Table 2. A fully loaded cell and full buffer traffic are assumed. Note that the false detection of an uplink grant leads to an uplink resource allocation which interferes with at least one valid UL transmission. 
Notice that the loss in UL throughput is for 1% collision probability seems acceptable. Hence, the target collision probability of 1% seems reasonable.
Table 2. Effect of collision of UL throughput
	
	0% Collision
	1% Collision
	5% Collision
	10% Collision

	Average cell 
	Throughput (bps/Hz)
	1.108
	1.094
	1.05
	1.00

	
	Loss over 0% collision
	-
	1.3%
	5.2%
	9.8%

	5% user 
	Throughput (bps/Hz)
	0.56
	0.55
	0.53
	0.49

	
	Loss over 0% collision
	-
	1.8%
	5.4%
	12.5%


4. Required CRC Length
To determine the required CRC length, we first estimate the UL collision probability as a function of CRC length and the number of active UEs per cell. First, the probability of false detection is calculated as: 
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where L is the CRC length. The values are given in Table 3 for L=16, 18, 20.
Table 3. False detection probability vs. CRC length
	CRC Length (L)
	16
	18
	20

	False detection probability
	1.53e-5
	3.81e-6
	9.5e-7


Then, assuming a fully loaded network, the probability of collision is given as:
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(1)
Here N and M are the number of active UEs per cell and the number of blind decodes, respectively. The probability of collision is plotted in Figure 1 as a function of CRC length for a different number of active UEs per cell and 20 blind decodes per UE. 
Targeting a 1% collision probability as suggested in Section 3:
· Interpretation 1: 20-bit CRC seems to be required for both 5MHz (200 active UEs per cell) and 20MHz (400 active UEs per cell).
· Interpretation 2: 16-bit CRC seems sufficient for both 5MHz (10 active UEs per cell) and 20MHz (40 active UEs per cell).
5. Conclusions

In this contribution, the required CRC length for PDCCH was analyzed based on two different interpretations of the number of active UEs per cell: 25.913 requirements and typical traffic patterns. System simulation suggested that a target UL collision probability of 1% is acceptable. Assuming a target collision probability of 1% and 20 blind decodes per UE, the required CRC length is:
· 20 bits for 5 and 20MHz bandwidth if interpretation 1 (25.913 requirements) is assumed

· 16 bits for 5 and 20MHz bandwidth if interpretation 2 (typical traffic patterns) is assumed

Note that the conclusion will change if lower collision probability is desired. 

As a next step, RAN1 should decide which interpretation is a better fit for the LTE requirements. This will help to decide the required CRC length for PDCCH, which is especially critical for uplink.
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Figure 1. Collision probability vs. CRC length
Appendix: System Level Simulation Assumptions
The assumptions for UL system simulation are given in the table below.
Table A1. Assumptions

	Parameter
	Assumption

	Cellular Layout
	Hexagonal Grid; 19 NodeBs

Three Cells Per NodeB

	Minimum Distance Between UE and Tower
	35 m

	Inter – Site Distance
	500m

	Shadowing Standard Deviation
	8 dB

	Path Loss
	128.1 + 37.6log10(R) where R is in kilometers  

	Shadowing Correlation
	Between Cells 
	1.0

	
	Between NodeBs
	0.5

	Antenna Pattern
	A = - min {12 (θ / θ3dB)2, 20dB}.

Θ3dB = 70 degrees

	System Bandwidth
	10 MHz

	Channel Model
	SCM – C 

	UE Velocity
	3kmh

	UE Power Class
	24dBm 

	Number of UE Antennas
	1

	Number of NodeB Antennas
	4

	Receiver Equalizer
	MMSE

	Channel Estimation 
	Modeled

	UE Antenna Gain
	0dBi


	NodeB Antenna Gain
	14dBi

	Number of UEs per NodeB/Cell
	30/10

	HARQ Type
	Chase Combining

	Maximum Number of Retransmissions
	5

	HARQ Retransmission Delay
	5 TTI

	Traffic Model
	Full Buffer

	Scheduler 
	Proportional Fair

	Scheduling Delay 
	1 TTI

	Uplink Power Control
	Slow with 40 TTI Period

	MCS Set
	QPSK: {1/5, 1/4, 1/3, 1/2, 5/8} 

	
	16QAM: {1/3, 1/2, 5/8, 3/4}


References
[1] 3GPP, R1-074681, Texas Instruments, Nokia, Nokia Siemens Networks, “Choice of CRC Length for PDCCH”
[2] 3GPP, R1-080062, Motorola, Nokia, Nokia Siemens Networks, Texas Instruments, “Way Forward on PDCCH CRC Sizing”
[3] 3GPP, “Draft Report of 3GPP TSG RAN WG1 #51bis”
[4] 3GPP, TR25.913 v7.3.0

[5] 3GPP, Motorola, Email Reflector Discussion 01/29/2008












- 2/5 -

_1263470251.unknown

_1263470785.unknown

