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1 Introduction

This contribution is a revision of R1-100093 and considers the system impact of false CRC passes taking into account the increase in the number of blind decoding operations (BDOs) in Rel-10 due to the introduction of additional DCI formats and due to Carrier Aggregation (CA). The focus is on the UL Scheduling Grants (SGs) as UL retransmissions are synchronous and can be non-adaptive.
Without any measures to reduce the number of BDOs in case of CA, the number of BDOs (at least in the UE-specific search space) scales linearly with the number of Component Carriers (CCs) a UE has activated PDSCH reception or activated PUSCH transmission. Also, the introduction of additional DCI formats for PUSCH transmissions will increase the number of BDOs. For example, support of UL SU-MIMO will increase by 73% (from 22 to 38) the number of BDOs for UL SGs, assuming that a UE will always have to decode DCI format 0 as a fall-back mode. A new DCI format to support non-contiguous Resource Allocation (RA) may or may not further increase BDOs depending on its design. Therefore, the total number of BDOs will increase by at least 36% and this value is assumed in the remaining of this contribution. 
The increase in the number of BDOs has two primary consequences:

a) Increased UE decoding complexity

b) Increased probability of false CRC pass 

The increase in UE decoding complexity is of course undesirable and should be avoided whenever possible by simple means. Due to the additional DCI formats a Rel-10 UE will have to decode, the maximum number of BDOs in Rel-10 (all CCs configured to a UE) will increase more than the peak rate. Moreover, even a low capability Rel-10 UE operating in a single pair of DL/UL CCs (no CA support or SU-MIMO support) may have to support a larger number of BDOs than a Rel-8 UE if non-contiguous RA requires a new DCI format. Therefore, without any reductions in the number of BDOs, the PDCCH decoding complexity will be higher in Rel-10 than in Rel-8. 
The adequacy of the 16-bit CRC was studied in Rel-8, mainly with respect to the impact a UE with false CRC pass has on other UEs. No agreement could be reached to increase the CRC length [1-3] and the 16-bit CRC was deemed sufficient [4]. In Rel-10, this conclusion needs to be re-examined due to the increased number of BDOs (from CA and possibly from having to decode additional DCI formats per sub-frame for PUSCH transmissions). Moreover, not only the impact of a UE with false CRC pass has on other UEs, but also the impact a false CRC pass has on the UE subjected to it needs to be also considered.

2 False CRC Pass Probability Aspects
When a UE incorrectly determines it has been granted PUSCH transmission, it will transmit at random RBs (which are contiguous in Rel-8 and also, for simplicity, assumed contiguous in this analysis for Rel-10) and will create interference to a few other UEs. Due to synchronous HARQ, this (non-adaptive) interference is likely to affect (valid, non-adaptive) HARQ retransmissions from the same other UEs, and is therefore likely to create a packet failure (particularly if the UE with false CRC pass has higher transmission power). Validation of UL SG fields can reduce the impact of a false CRC pass as follows: 
a) One validation aspect is whether the RB assignment is a multiple of 2, 3, and 5. For example, for 10 MHz operating BW and contiguous RB assignments, the false CRC pass error probability can be reduced by a factor of about 2 if only RB assignments having 2, 3, or 5 as a factor are considered.
b) Another validation aspect is whether the padded bit for DCI format 0 is set to 0 (it effectively acts as virtual CRC extension of 1 bit) leading to another reduction in the false CRC pass error probability by a factor of 2. However, this padded bit may not exist for the UL SU-MIMO DCI format. For 20 MHz BW, which is the case of most interest for the adequacy of CRC length, there is only one padded bit for DCI format 0.  
c) Other validation aspects can be obtained for type-2 frequency hopping, maximum TBS, and combination of NDI toggle bit with MCS of 29/30/31 but the respective reductions in the false CRC pass probability are minor compared to the previous two.
The impact to interfered UEs with valid PUSCH transmission is generally undesirable, it may or may not be significant (depending on the amount of overlap and the relative power difference) and may be resolved by HARQ (although synchronous HARQ retransmissions will experience the same interference). The impact on the UE having the false CRC pass may be more severe, especially if it determines a likely ACK from the subsequent PHICH transmission. This will again have an impact similar to a NAK-to-ACK error. 
As a false CRC pass for a UE has a similar impact as a NAK-to-ACK error for that UE, the system level probability of a false CRC pass should be equal to, or preferably be sufficiently smaller than, the system level probability of a NAK-to-ACK error. The overall system probability, 
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where 
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 in the NAK-to-ACK error probability (e.g. 0.1%) and 
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 is the data packet error probability (e.g. 10%).
Assuming that a UE decodes weak signals, the bit error probability is 
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 and the false CRC pass probability for a single UE and a single BD is 
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, where 
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 is the CRC length. If a UE performs 
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 BDs and there are 
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 UEs receiving weak signals, the system level probability for a false CRC pass for at least one UE is approximately 
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At 10 MHz operating BW, the expected number of UEs in the RRC-CONNECTED state is 400 [5]. Typically, around 25%-50% of these UEs are in DRX and ~33% of UEs can be classified as low SINR UEs (for typical PDCCH geometry CDF, ~33% of UEs have SINRs below 0 dB). 
The above percentage of low SINR UEs for the purposes of the false CRC pass probability evaluation is optimistic as “empty” CCEs (PDCCH size not exactly an integer number of OFDM symbols) will appear as noise to all UEs and a large percentage of DL SAs or UL SGs are likely to be transmitted with reduced power (and increased code rate) in order to boost other signals in the PDCCH region (RS/PHICH/PCFICH).
Note that even if a UE has an empty buffer, it will still transmit a PUSCH if it gets an UL SG (indicating the buffer status). In addition to the usual interference, this can also create other problems to the system operation. For example, assuming 10 UL SGs per sub-frame and UL SG BLER of 1%, the probability that at least one UE will miss its UL SG is about 10%. If the UE with the false CRC pass (UE1) at least partially interferes with the UE for which the UL SG was missed (UE2), the eNB is unlikely to resolve the DTX for UE2 and HARQ buffer corruption for UE2 will occur.  

UL SG validation is equivalent to increasing the CRC length by 2 bits (a somewhat optimistic assumption as the SG for SU-MIMO is unlikely to always have a padded bit and non-contiguous RA may reduce validation possibilities or increase the number of CRC tests). For Rel-8, the number of BDOs for UL allocations is 
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 (for a total of 44 BDOs) as BDOs for DCI format 0/1A also occur in the UE-common search space. Increasing the number of BDOs for UL SAs to 
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 (by adding a total of 16 BDOs for SU-MIMO and for non-contiguous RA in the UE-specific search space) is almost the same as having 
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Table 1 summarizes the values of 
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 for various parameters at 10 MHz. For the 
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, it is assumed that 10 best-effort traffic UEs are scheduled per link per sub-frame and the PDSCH/PUSCH BLER is 10%. For
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, 38 BDOs and 25% reduction in false CRC pass probability through validation are assumed in the UL. The CRC length is 
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Table 1: 
[image: image19.wmf]FP

sys

P

 and 
[image: image20.wmf]ACK

to

NAK

sys

-

-

P

 as a function of UEs in non-DRX state and as a function of 
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For 
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, unless the number of UEs in the non-DRX state is only a very small fraction of the number of UEs in the RRC-CONNECTED state, 
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[image: image35.wmf]ACK

to

NAK

sys

-

-

P

 and the system effects of a NAK-to-ACK error are effectively multiplied several times due to false CRC passes. For 
[image: image36.wmf]4

1

NA

-

=

e

P

, 
[image: image37.wmf]FP

sys

P

 always dominates 
[image: image38.wmf]ACK

to

NAK

sys

-

-

P

 thereby effectively nullifying any benefits of operating with 
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. Even worse, a probabilistic metric for the number of RRC-CONNECTED UEs in non-DRX may not be the appropriate one when considering the impact of false CRC pass; instead, a worst case scenario for RRC-CONNECTED UEs in non-DRX may need to be considered and designed for.
CA may or may not have an impact on the false CRC pass probability depending on the method used for BDO reductions. Support for non-contiguous RA will always have an impact but if the number of BDOs is also further increased, this will make the containment of the number of BDOs in case of CA more difficult. Obviously, the false CRC pass probability will further increase for larger BWs (e.g. 20 MHz instead of 10 MHz) and decrease for smaller BWs (e.g. 5 MHz instead of 10 MHz). 
Two solutions exist; either increase the CRC length, particularly in case of CA, or avoid linearly increasing the number of BDOs with the number of CCs. The former solution would probably require a CRC length of 20 bits which, in addition to increasing PDCCH overhead, may result to multiple CRC configurations (if the 16-bit CRC is kept in case a UE is assigned 1 CC, as in Rel-8) and non-uniform implementations (e.g. CRC increase needed for CA but not needed without CA or CRC needed at 20 MHz and not needed at 5 MHz). Therefore, avoiding a linear increase in the number of BDOs is preferable as, in addition to reducing PDCCH overhead, it also provides a simple receiver design and minimizes PDCCH decoding complexity.
3 Conclusions

This contribution considered the false CRC pass probability in Rel-10. As a false CRC pass has a similar effect as a NAK-to-ACK error for the affected UE (the impact to other UEs should also not be neglected), the system-wide false CRC pass probability was compared to the system-wide NAK-to-ACK probability. The following are proposed:

a) Strive to keep the 16-bit CRC in Rel-10.
b) Introduce only mandatory new DCI formats for which additional BDOs are needed (e.g. only for UL SU-MIMO).
c) Study methods to avoid increasing the number of BDOs in case of CA.
References:

[1] R1-074136, “Choice of CRC length for PDCCH”, Texas Instruments, Nokia, Nokia Siemens Networks
[2] R1-080062, “Way forward on PDCCH CRC size”, Motorola, Nokia, NSN, Texas Instruments

[3] R1-070477, “CRC length for PDCCH”, Qualcomm

[4] R1-080869, “Summary of email discussions on control signaling”, Ericsson

[5] 3GPP TR25.913, “TSG RAN Requirements for Evolved UTRA and Evolved UTRAN”











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































PAGE  
3

_1304749637.unknown

_1323777360.unknown

_1326976727.unknown

_1326986883.unknown

_1326986901.unknown

_1323777405.unknown

_1304821028.unknown

_1304822398.unknown

_1311424113.unknown

_1304822205.unknown

_1304774324.unknown

_1304774816.unknown

_1304774108.unknown

_1304751996.unknown

_1304773908.unknown

_1304749689.unknown

_1304744359.unknown

_1304748109.unknown

_1304741693.unknown

_1304741909.unknown

_1304741535.unknown

