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1. Introduction

With the support of carrier aggregation and advanced UL features such as UL SU-MIMO, the number of PDCCH blind decodings may increase compared to Rel-8. A related issue is the PDCCH false detection probability, as discussed in [1][2]. PDCCH false detection probability depends on the number of PDCCH blind decodings, the PDCCH CRC length, as well as other factors such as the number of active UEs. In this contribution, we share our views on PDCCH false detection in Rel-10.

2. Impacts of PDCCH false detection
In this section, we discuss the impacts of PDCCH false detection on DL grant and UL grant separately.

2.1. Impacts of DL grant false detection
PDCCH false detection on DL grant occurs when an unintended UE passes the CRC check. Consequently, the unintended UE attempts to decode the PDSCH. Almost surely, the unintended UE cannot correctly decode the PDSCH. Therefore, it shall feedback NAK and store meaningless data in HARQ buffer. The impact of PDCCH false detection on DL grant is analyzed as follows:
· Impact on the intended UE: possible PUCCH ACK/NAK collision with the unintended UE. 

· If the intended UE transmits a NAK, then both the intended UE and unintended UE may transmit NAK on the same PUCCH resource. Since both UEs are transmitting NAK, the ACK/NAK detection performance of the intended UE may not be impacted much, wherein the UL channels of the intended UE and unintended UE are effectively combined.
· If the intended UE transmits an ACK, then the transmission of a NAK from the unintended UE on the same PUCCH resource can impact the ACK/NAK detection performance of the intended UE, i.e. higher ACK-to-NAK error probability. Since the intended UE receives its packet correctly, the ACK-to-NAK error causes unnecessary L1 HARQ retransmissions without RLC ARQ. Hence, as long as the DL grant false detection probability is kept sufficiently small, some unnecessary L1 retransmissions are acceptable. 
· Impact on the unintended UE: meaningless data stored in HARQ buffer. If the unintended UE later on is indeed scheduled with a DL transmission for the same HARQ process, then
· If the NDI in the second DL grant is toggled, then the UE shall discard the meaningless data. Therefore, there is no system impact due to the false detection of the first DL grant.
· If the NDI in the second DL grant is not toggled, 
· If the TBS indicated by the second DL grant is different from the first false detected DL grant, the UE may replace the meaningless data in the HARQ buffer with the newly received data [3]. Hence, there is no significant system impact due to the false detection of the first DL grant. Some loss of HARQ combining gain may occur in case the false detected DL grant is deemed as a retransmission of an earlier TB. Since RLC ARQ is not necessary in this error case, as long as the DL grant false detection probability is kept sufficiently small, its system impact is manageable.
· If the TBS indicated by the second DL grant is the same as the first false detected DL grant, the UE shall perform soft combining of the newly received data and the meaningless data in HARQ buffer, which may lead to HARQ buffer corruption and RLC ARQ. However, the probability of NDI not toggled is about 50%, and the probability of a false detected DL grant having the same TBS as a truly scheduled DL grant is small, since the probability of a TBS in the TBS table [7] is at most.1.28%. 
Base on the above analysis, the amount of unnecessarily L1 retransmissions for the intended UE due to DL grant false detection by other UEs is roughly 

[image: image1.wmf]5

.

0

1

_

_

*

*

*

*

*

=

e

a

e

DL

false

CRC

P

N

K

P


where 

· K is number of RRC_CONNECTED UEs in system;
· N is the number of PDCCH blind decodings per UE in DL;
· 
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is the false CRC pass probability for a single UE and a single BD with L-bit PDCCH CRC;
· 
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is the percentage of active UEs performing DL grant monitoring in a subframe, which depends on DRX configurations;
· 
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is probability of ACK/NAK collision between the intended and unintended UEs;
· The factor of 0.5 is added since unnecessary L1 retransmission only occurs with an ACK-to-NAK error for the intended UE.
Furthermore, the amount of RLC ARQ caused by DL grant false detection is roughly 
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· 
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 is the maximum probability of a TBS in the TBS table [7].
· 
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 is the probability of NDI not toggled.
2.2. Impact of PDCCH False Detection on UL grant

PDCCH false detection on UL grant occurs when an unintended UE passes the CRC check. Consequently, the unintended UE shall transmit data on PUSCH, which may lead to an UL packet loss and RLC ARQ, or interfere with an intended UE’s PUSCH transmission. Note that with inconsistent checks for UL grant DCI format 0, its false detection probability can be roughly reduced by a factor of 1/4 [1][2] Such inconsistent checks include
· The number of assigned RBs is a multiple of 2, 3, and 5; 
· RIV value is a valid type 2 resource allocation;
· Zero padding bits of DCI format 0 serving as virtual CRC;
· Other inconsistent checks which are shown in [1][2].

The impact of UL grant false detection is summarized below:
· Impact on unintended UE: If the unintended UE has data to transmit in UL, then false detection of an UL grant may lead to the loss of an UL packet, which requires RLC ARQ. If the unintended UE does not have any UL data to transmit, upon detection of an UL grant, the UE shall transmit a buffer status report of zero. Hence, the probability of UE losing an UL packet and the corresponding RLC ARQ scales linearly with the number of UEs with UL data to transmit. In [2], it is shown that typically up to 5 UEs have UL data to transmit in a 5MHz system in a subframe.
· Impact on intended UE: Due to the property of synchronous HARQ in UL, the PUSCH transmission from the unintended UE may consistently interfere with the PUSCH transmission of the intended UE. It is desirable the probability of the caused intra-cell interference is limited. Since false detection of an UL grant only creates intra-cell interference on one carrier, it is reasonable to study the probability of such intra-cell interference from a per carrier basis, in case of carrier aggregation in Rel-10.
Base on the above analysis, the probability of UL packet loss and corresponding RLC ARQ due to UL grant detection by unintended UEs is roughly 
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where

· M is number of UEs with UL data to transmit;

· N is the number of PDCCH blind decodings for UL grant per UE; 

· 
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is the false CRC pass probability for a single UE and a single BD with L-bit PDCCH CRC;

· 
[image: image10.wmf]25

.

0

»

g

is the reduction factor due to inconsistent checks in UL grant [1][2].

The probability of UL intra-cell interference caused by UL grant false detection toward intended UEs is roughly
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where

· K is number of RRC_CONNECTED UEs in system;

· 
[image: image12.wmf]a

is the percentage of active UEs performing DL grant monitoring in a subframe, which depends on DRX configurations.
3. Numeric results
From the analysis in Section 2, the impact of DL/UL grant false detection either leads to unnecessarily L1 retransmissions or RLC ARQ and the consequently reduced spectrum resource utilization. Such spectrum resource utilization shall be considered on a per basis even with carrier aggregation in Rel-10. In this section, we provide numerical results for 
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 for a single carrier. Since the effect of RLC ARQ due to PDCCH false detection is similar to the NAK-to-ACK probability, the system NAK-to-ACK probability is also provided using the following equation [1]:
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where
· W is the number of scheduled UEs per subframe in one link direction;
· PPE is the PDSCH/PUSCH BLER target;
· PNA is the NAK-to-ACK error probability.
Numeric results of DL grant false detection probability are shown in Table 1 with the following assumptions:

· System bandwidth: 10MHz

· Expected number of UEs in RRC_CONNECT: K = 400 [4]

· Number of blind decoding in DL: N = 44

· Number of UEs scheduled in DL transmission: W= 10 [1][2]

· PDSCH/PUSCH BLER target: PPE = 10%

· Percentage of active UEs performing DL grant monitoring in one subframe: 
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 = [0.1, 0.2, 0.3, 0.4, 0.5]

· NAK-to-ACK error probability: PNA = 0.1%

· Probability of ACK/NAK collision between the intended and unintended UEs: 
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 assuming 10 scheduled UEs per subframe and 50 CCEs (i.e. 50 dynamic ACK/NAK channels).
Table 1:  DL CRC false detection probability
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	0.0027
	0.0054
	0.0081
	0.0107
	0.0134
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	0.00015
	0.00035
	0.0005
	0.0007
	0.00085
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Table 1 shows that 
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is on the same order as 
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, both of which require RLC ARQ. In addition,
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is around 1% even with 200 non-DRX UEs per subframe. Note 
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 represents a probability of unnecessarily L1 retransmissions, similar to an ACK-to-NAK error, which is required to be 1% in Rel-8. Therefore, the system impact due to DL grant false detection is manageable.
Numeric results of UL grant false detection probability are shown in Table 2 with the following assumptions:

· System bandwidth: 10MHz

· Expected number of UEs in RRC_CONNECT: K = 400 [4]

· Number of UEs with UL data to transmit: M = 10
· Number of blind decoding in UL: N = 22 or N = 22+16 (additional UL DCI format size for Rel-10)

· Number of UE are scheduled in UL transmission: W = 10 [1][2]

· PDSCH/PUSCH BLER target: PPE = 10%
· Percentage of active UEs performing DL grant monitoring in one subframe: 
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 = [0.1, 0.2, 0.3, 0.4, 0.5]
Table 2: UL CRC false detection probability
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(N=22/N=38)
	0.00084/0.0014
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(N=22/N=38)
	0.0034/  0.0058
	0.0067/0.0116
	0.0101/0.0174
	0.0134/0.0232
	0.0168/0.0290
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Table 2 shows that 
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 is on the same order as 
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, both of which require RLC ARQ. In addition, 
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with 22 UL blind decodings is less than 2% even with 200 non-DRX UEs in a subframe. Note that increasing the number of UL grant PDCCH blinding decoding to 38 consequently increases both 
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. Thus, it shall be carefully considered for the tradeoff between the number of UL grant PDCCH blind decodings and flexible support of advanced UL features in Rel-10.
4. Conclusions
In this contribution, we analyze the impacts of DL/UL grant false detection. DL/UL PDCCH false detection either leads to unnecessarily L1 retransmissions or RLC ARQ, both of which effectively reduce the spectrum resource utilization. In particular, the probability of RLC ARQ shall be on the same order as NAK-to-ACK error and unnecessarily L1 retransmissions shall be on the same order as ACK-to-NAK error. Numerical results show that from a per carrier perspective, Rel-8 DL/UL grant false detection does not seem to impose serious impact on system performance.
For carrier aggregation in Rel-10, our view is that the DL/UL PDCCH false detection probability shall be considered on a per carrier basis, as it effectively impacts system spectrum resource utilization. Given that Rel-8 PDCCH false detection is manageable, from the perspective of PDCCH false detection probability, the maximum number of PDCCH blind decoding per UE in LTE-A can be linear to the number of carriers. Methods to further reduce the maximum number of PDCCH blind decodings can be considered.
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