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1 Introduction

In RAN1 #53bis meeting, the problem of false positive CRC on uplink semi-persistent scheduling was discussed. A single PDCCH with restricted fields solution is proposed [1]

 REF _Ref204751058 \r \h 
[2], where certain PDCCH fields that are not used under SPS are set to 0 and treated as “virtual” CRC bits to increase total error detection capability. However, we see some cases where setting virtual CRC bits to the common value (like zeros) does not help to solve the issue on false positive CRC. 
2 Current issue

Consider two UE’s, namely UE-A and UE-B, under SPS at the similar distance to eNB so that they experience the similar PDCCH signal strengths, and UE-A is scheduled for PUSCH transmission via PDCCH by eNB that sets restricted fields in PDCCH to zeros. There could be two cases where the solution in [1]

 REF _Ref204751058 \r \h 
[2] fails. 

1) Case 1: According to [3], eNB masks CRC with identity of UE-A. On the receiver side, UE-B tries to decode the PDCCH with its convolution tail-biting decoder. Depending on channel noise level, some bit errors may happen to the message but leave virtual CRC bits clean. If the error pattern 
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 on CRC happens to satisfy 
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, then UE-B would think itself as the PDCCH destination, and it will also check all virtual CRC as passed because there is no errors on those zero bits. The probability of such an event is 
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where 
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 is the average bit error rate, w is the weights of logical exclusive-OR of two UE identities and L is the total message length including virtual CRC but excluding normal 16-bit CRC. According to [3], L is no more than 27 bits. Therefore, if the two UE identities used to mask CRC are differentiated by only one bit, then the probability of false positive CRC for UE-B is around 
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, both of which indicate similar or even worse error detection capability provided by 16-bit CRC (
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) and therefore can not meet the requirement in [1].


In fact, the above false positive probability could be even larger because the error situation considered above is just a sub-set of a more general error pattern: only virtual CRC bits are correctly received, and bit errors spreading over rest part of message as well as normal CRC happen to make CRC check positive for UE-B. 

2) Case-2: If UE-A has two transmission antennas, eNB may mask PDCCH CRC with both UE transmission antenna selection mask <0,0,…,0,0,1> and UE-A’s identity. If 
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, UE-B would get everything positively passed as if it were scheduled, with a similar high probability as for UE-A to successfully decode the PDCCH.

3 Proposed solution

It has been shown that setting the restricted fields in PDCCH to some value common to all UE’s may fail to enhance the CRC effectiveness. A simple remedy is proposed: 

Assume there are total N restricted bits that can be skipped under SPS mode. Based upon description in [1]

 REF _Ref204751058 \r \h 
[2], it is reasonable to assume N>1. Then,
· Use one of N restricted bits to carry UE transmission antenna selection flag, and use remaining N-1 restricted bits to carry certain UE-specific information as the virtual CRC (this is similar to solution in [4] in terms of pursuing to extend UE-specific CRC);

· Do not apply UE transmission antenna selection mask to CRC of uplink scheduling PDCCH for a UE in SPS mode.
4 Conclusions

Because virtual CRC equal to common values only helps to protect message against random error but does not contribute to distinguish UE’s, there are some occasions where the given single PDCCH solution fails. Simple remedies are suggested in this contribution.
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