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1
Introduction
The issue of false positive detection has been discussed at previous RAN1 meetings, and at RAN1#82 focusing at the false positive detection problem has been identified as one of the issues to discuss still as part of the DL control related enhanced CA discussions in Rel. 13, as noted in [1]:

Conclusions:

· Treat necessary changes to DL control (specifically DCI content & size) due to UL control enhancements as part of the UL control enhancement investigations 
· Following DL control enhancements have been potentially identified in Rel. 13 eCA

· Topic 1: Increase in the number of blind decodes for a large number of CCs
· Topic 2: Effect of false positive detection of DL grants 
· Following other enhancement have been potentially identified in Rel. 13 eCA

· Topic 3: UE soft-buffer management for the increased number of aggregated carriers

· Following CA enhancement have been identified with lower priority in Rel. 13 eCA

· Topic 4: Increase in the number of carriers for EPDCCH monitoring

· Note that Dynamic Carrier Selection will be discussed in LAA

In this contribution we discuss the effect of reducing the number of blind on false positive in Sec. 2 and discuss further methods to deal with this issue in Sec. 3
2
Effect of reducing the number of blind decodes
Reducing the number of blind decodes has been identified as one of the higher priority topics (in addition to the false detection issue) at RAN1#82. 

A reduction in the number of blind decodes of DL grants will automatically also reduce the probability of false positive detection, as we discussed in our previous contribution on this topic in [2]. Therefore, in case a reduction in the number of blind decodes is agreed to be introduced in Rel. 13 the need for additional handling of the false positive detection problem will be reduced. Therefore, we think that RAN1 should first take a decision if a reduction in the number of blind decodes for a large number of CCs is to be introduced and decide on possible mechanisms to handle the false positive detection afterwards. 
Proposal 1: The decision on supporting a reduction in the number of blind decodes in Rel. 13 should be taken before deciding on a method to deal with the false positive detection issue.

3
Other candidate solutions for mitigating the false detection problem

Three other methods (in addition to reducing the number of blind decodes) to prevent the negative impact of unnecessary PUCCH transmissions due to increased false positive detection of DL assignments have been identified. 
· Option #1: Increase the length of CRC [3]
· Option #2: Drop PUCCH transmission in the cases when PDSCH detection is failed on predetermined Scell(s) [2]
· Option #3: Increasing the number of resources carrying HARQ-ACK on PUCCH [4]
Option #1 aims at solving the false detection problem by means of increasing the CRC length [3]. The problem of this approach is that it increases the DCI overhead in DL. Hence, it will have negative impact to (E)PDCCH coverage and capacity. LTE will need to operate with two different CRC lengths (i.e. Rel. 8 and the new, longer CRC) and therefore DCI sizes. This will create additional effort in the UE as well.
Option #2 aims at solving the problem by a specific PUCCH configuration where the UE is configured to drop the PUCCH in the cases when cases when PDSCH detection is failed on predetermined Scell(s). The logic behind is that in the case of false positive, the related PDSCH detection will always fail. Hence, the corresponding HARQ-ACK feedback will be “NACK” or “NACK, NACK”. 
· The determination of the predetermined SCell(s) for which the PUCCH dropping would apply could be done by higher layer configuration. Clearly, the PUCCH dropping should not apply to the PCell as generic fallback. Moreover, the eNB might only configure some of the SCell(s) for PUCCH dropping operation in order to not restrict the scheduling of a smaller amount of carriers other than PCell too much, as has been raised in [5]. Making the SCell(s) applicable for PUCCH dropping configurable, gives the eNB the possibility to make a tradeoff between false alarm issue and reduced scheduling restrictions in case of low data rates.
· In this method, eNB configures a threshold X of DL grants with PDSCH failure for the predetermined SCell(s). 

· The threshold X may be e.g. X=1. 
· In the case when the threshold is not exceeded, i.e. only one (E)PDCCH is detected and the corresponding PDSCH detection on a predeterminded SCell is failed (i.e. “NACK”), then the PUCCH is dropped. The corresponding DL HARQ soft-buffer may not be updated either.
· Otherwise if the threshold is exceed, i.e. more than X (E)PDCCHs is detected all having failed PDSCH decoding (i.e. sequence of “NACK”s) or at least one PDSCH is detected correctly (i.e. at least one “Ack”), then UE operates according to Rel. 10 CA behavior, i.e. reports HARQ-ACK and updates DL HARQ-buffer according to current rules.
·    It’s very likely that when the UE drops PUCCH, the reason is false detection instead of failed PDSCH. This is due to the fact that:

· In the considered eCA scenario, it’s very likely that eNB schedules (much) more than X cells at a time. Hence, the probability that UE will receive all scheduled PDSCHs with error is very small
· The same applies to the case with DL grant failure(s) where eNB schedules more than X PDSCH, but UE receives only up-to X (E)PDCCH.
·    From eNB’s point of view, (undesired) PUCCH dropping can be seen as an error case where UE lost all the (E)PDCCH/PDSCH scheduled by eNB on the predetermined SCell(s) only. This kind of functionality is part of current CA operation already. 
·    By having a threshold of X configured, the probability of unnecessary PUCCH transmissions can the dramatically reduced to the joint probability of having (X+1) false positive errors (e.g. with X=1 from ~1.2% to about 0.014% for a single UE having 32 CCs without a need to decrease the number of blind decodes)

·    The threshold X could be UE-specific and in case of PUCCH on SCell configurable for each PUCCH group separately by the eNB. Thereby, the eNB would be still in full control of unnecessary PUCCH transmissions related to SCell(s) with proper configuration of threshold X. In case of a low number of configured DL CCs and/or small number of UE sharing PUCCH the eNB might refrain from configuring the threshold at all (i.e. X=0) or alternatively configuring none of the SCells for PUCCH dropping operation. For a scenario with a large number of UEs having a large number of CCs a threshold of e.g. X=1 and a reasonable number of predetermined SCells might be considered a useful configuration in order to keep the number of unnecessary PUCCH transmissions under control. 
Option #3 of increasing the number of configured PUCCH resources can be seen as an eNB implementation based solution, which does not reduce the unwanted PUCCH transmissions but only distributes these over the larger number of resources. Hence, the overall unnecessary PUCCH interference to be generated towards neighboring cells is also unchanged. However, it can be used to reduce PUCCH collisions in the own cell at the expense of increased PUCCH overhead on PCell.   
Looking at these 3 options, increasing the CRC length is the least appealing of the solutions due to specification and UE implementation aspects. As increasing the number of PUCCH resources of Option #3 is not solving the initial issue but only manages the negative effects resulting in a higher PUCCH overhead. Therefore, we propose to adopt Option#2 in case a method to deal with the false positive detection is needed (after agreeing to reduce the number of blind decodes). 

Based on discussion above, we make the following proposal and observation:
Proposal 2: Specify Option #3 (i.e. drop PUCCH transmission in certain cases of PDSCH failure on predetermined SCells) to prevent the negative impact of unnecessary PUCCH transmissions due to increased false positive blind detection of DL assignments with a large number of configured DL component carriers.


Observation: In case no specific solution is to be specified in Rel. 13, configuring a larger number of  PUCCH resources for HARQ-ACK can be used as an implementation specific method to cope with the negative impacts of false positive detections. 
4
Conclusions
In this contribution we have discussed increased false-detection rate involved with increasing number DL carriers. Based on the discussion we make the following observation and proposals:
· Proposal 1: The decision on supporting a reduction in the number of blind decodes in Rel. 13 should be taken before deciding on a method to deal with the false positive detection issue.

· Proposal 2: Specify Option #3 (i.e. drop PUCCH transmission in certain cases of PDSCH failure on predetermined SCells) to prevent the negative impact of unnecessary PUCCH transmissions due to increased false positive blind detection of DL assignments with a large number of configured DL component carriers.

· Observation: In case no solution is to be specified in Rel. 13, configuring a larger number of  PUCCH resources for HARQ-ACK can be used as an implementation specific method to cope with the negative impacts of false positive detections. 
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