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1. Introduction
This contribution examines the issue of false CRC passes for the L1/L2 control channel and compares the attributes of Cat0 transmission in every sub-frame (sub-frame Cat0) and in the BCH (BCH Cat0). 

A consequence of having separate codewords for the L1/L2 control channel is that multiple individual blind decoding operations are needed. Then, the probability of false CRC passes is increased as mentioned in [1, 2]. Note that in HSDPA the UE ID is used for both UE specific scrambling in the first HS-SCCH part and CRC masking in the second HS-SCCH part, thereby providing additional protection than for E-UTRA. Moreover, the number of active UEs in the larger E-UTRA BWs (10-20 MHz) is much larger than for HSDPA and this further increases the probability of false CRC passes in E-UTRA.
The consequences of false CRC passes can be summarized as follows:

1. For DL grants, a UE with false CRC pass will attempt to decode a random RB assignment and without explicit allocation of the UL resources used for ACK/NAK, which is highly undesirable in terms of overhead, there will be a collision with ACK/NAK transmission from another UE.
2. For UL grants, a UE with false CRC pass will have data transmission in a random number of RBs, thereby interfering with probably multiple UEs which may result to erroneous packet detection from all such UEs that now experience intra-cell interference.

Clearly, the previous two consequences are extremely detrimental and false CRC passes should be statistically completely avoided. The obvious solution is to increase the field containing the UE ID and the CRC. However, the additional number of required bits in increasing the CRC should be minimized as it directly increases L1/L2 control overhead. Drawing from simulation results and high level analysis, it will be shown that sub-frame Cat0 requires about 2 fewer additional CRC bits than BCH Cat0. 
2. False CRC Passes

False CRC passes may occur due to the application of TPC where a UE sees a very attenuated L1/L2 control signal that is intended for another UE in better SINR conditions, thereby resulting in a bit error probability at the former of about 0.5. Having multiple MCS helps reduce the TPC range but the absence of QAM16, which is incompatible with TPC, will still necessitate TPC with a relatively large range. For example, if QPSK r=2/3 is the highest MCS requiring about 6 dB for 1% BLER, the control codeword transmission to UEs experiencing SINR 11-17 dB will have to be reduced by 5-11 dB unless unnecessary interference is introduced. Additionally, false CRC passes may also occur due to poor short term fading conditions the UEs may experience in which case even the absence of any TPC cannot avoid the occurrence of a 0.5 bit error probability.

With BCH Cat0, a UE has no way of knowing how many DL/UL grants are in each MCS and what the actual total control channel size is in each sub-frame. Whenever the number of DL/UL grants is smaller than the maximum dimensioned one, some sub-carriers will have to be “empty” without any transmission power as the mapping of the DL/UL grants to sub-carriers needs to be predetermined. Clearly, for these sub-carriers, a UE attempting to decode presumed DL/UL grants will always experience a bit error probability of 0.5. An alternative to having “empty” sub-carriers for BCH Cat0 is for the Node B to always transmit something and ensure that no UE can decode it by, for example, coloring the CRC with a non-existent UE ID. However, this introduces unnecessary interference to other Node Bs in addition to the bandwidth waste in the reference Node B.
Even for moderate system loads, BCH Cat0 always needs to indicate L1/L2 control channel occupancy of 3 OFDM symbols in order to avoid additional throughput losses as the scheduler cannot possibly predict which and how many UEs will be scheduled between two BCH instances. Then, a UE will always need to decode the maximum number of possible grants (especially UEs not having the lowest MCS). For 10 MHz, this number is 12 [3]. This assumes that each UE knows its MCS (e.g. through higher layer signaling); else the maximum number of blind decoding operations will be larger. It is also assumed that the mapping is such that it minimizes the number of blind decoding operations [4] (however, this is also associated with additional wasted BW but the best possible scenario for the false CRC passes with BCH Cat0 is considered here).
For sub-frame Cat0, the average value for the number of UEs per MCS is, on average, substantially smaller than 12 and the actual value ranges from 0 to 12 as the UE knows exactly the corresponding sub-carriers [5]. In general, for 3 equally spaced MCS regions, the average number of blind decoding operations per MCS with sub-frame Cat0 can be assumed to be 3 times smaller than the one for BCH Cat0. For the 3 MCS regions with QPSK and code rates of 1/6, 1/3 and 2/3, this was actually the case for the middle MCS (the highest/lowest MCS had on average more/less scheduled UEs).
The probability 
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 that a UE incorrectly accepts a DL or UL grant (grant error) can be expressed as
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where 
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 is the bit error probability, CRC is the number of CRC bits, M is the number of blind decoding operations per UE and N is the number of UEs for which false CRC passes are most likely (UEs not in the highest MCS and/or UEs in poor fading conditions). Since the number of RRC-CONNECTED UEs in a fully loaded system at 10 MHz is about 800-1300 [6], values of N range in the hundreds (active UEs are a portion of the RRC-CONNECTED ones). Only subsets of active UEs are considered as many UEs, such as the ones in high SINR conditions and not having poor short term fading, are unlikely to have 
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Table 1 presents values of 
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 for different values of N and CRC length assuming 
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. It is assumed that M=4 for sub-frame Cat0 and M=12 for BCH Cat0. Also, the case that UEs decode both DL and UL grants can be absorbed in the value of N (leading to the larger values of N).
Table 1: Probability of False CRC Pass (Grant Error) for Sub-Frame Cat0 and BCH Cat0.
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	N=100
	N=200
	N=400
	N=100
	N=200
	N=400

	CRC =16
	1.81%
	3.60%
	7.06%
	0.61%
	1.21%
	2.41%

	CRC =18
	0.46%
	0.91%
	1.83%
	0.15%
	0.30%
	0.61%

	CRC =20
	0.11%
	0.23%
	0.46%
	0.038%
	0.076%
	0.15%

	CRC =22
	0.029%
	0.057%
	0.11%
	0.009%
	0.019%
	0.038%

	CRC =24
	0.007%
	0.014%
	0.029%
	0.002%
	0.005%
	0.009%


Decreasing the number of blind decoding operations per MCS with sub-frame Cat0 results to a reduction of about 2 bits in the number of CRC bits required to achieve a given false CRC pass probability. As the number of raw information bits for DL grants is 50-60 and for UL grants is 30-40, having sub-frame Cat0 offers a reduction in the codeword size by about 3.6% and 5.7%, respectively.
3. Conclusions
The issue of false CRC passes for the L1/L2 control channel in E-UTRA was examined. This issue arises from the multiple blind decoding operations a UE needs to perform due to the separate coding of the L1/L2 control channel in conjunction with the TPC applied by the Node B and the reduced current CRC protection in E-UTRA relative to HSDPA. The attributes of sub-frame Cat0 and BCH Cat0 were also considered. In particular, the following observations apply:
a) The number of CRC bits for the L1/L2 control channel has to be somewhat increased to reduce the probability of false CRC passes to an acceptable level and improve E-UTRA operation robustness.

b) Sub-frame Cat0 allows for fewer blind decoding operations than BCH Cat0. With respect to the false CRC passes, this reduces the required increase in the number of CRC bits by about 2 bits. The corresponding reduction in the DL and UL grants sizes is about 3.6% and 5.7%, respectively. 
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