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1 Introduction
The issues of the number of UE blind decodes, and false positive detection of DL grants, were discussed at RAN1#82 in relation to carrier aggregation. The relevant conclusions were:

Conclusions:

· 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 

The number of blind decodes was addressed in RAN1#82bis and subsequent email discussions. This contribution considers false detection of DL grants.
2 Discussion
The estimated probability of a UE falsely detecting a DL grant is given in Table 1. If the UE is unable to identify and reject such a false alarm, such an event would most likely lead to a spurious PUCCH transmission, or an incorrect HARQ ACK codebook size, and possibly the use of an incorrect PUCCH format.
	Number of Activated Carriers 
	5
	16
	32

	
	(a)
	(b)
	(a)
	(b)
	(a)
	(b)

	Number of blind decodes for DL scheduling

(a) No reduction and 
(b) 75% reduction
	160
	40
	512
	128
	1024
	256

	Probability of false detection (per UE)
	~2 x 10-3
	~6 x 10-4
	~7 x 10-3
	~2 x 10-3
	~10-2
	~4 x 10-3


Table 1: Probability of false detection of DL scheduling per subframe, based on 16 bit CRC, and 32 PDCCH/EPDCCH candidates per CC. The 75% BD reduction case is assumed to be achieved by disabling DCI Format 0/1A, and reducing BDs by about 50% for other DCI formats.  

Even if the network applies reasonable levels of blind decoding reduction, from a UE perspective, the probabilities in Table 1 may be significant. For example, the false detection probability may exceed the probability of incorrect HARQ ACK codebook size due to missed DCIs (depending on the final details of the dynamic HARQ ACK codebook mechanism).  In addition, a false DL grant may lead directly to an incorrect HARQ ACK codebook size. 
Observation 1: The likely probability of false detection of DL grants should be considered in the design of the mechanism for dynamic selection of the HARQ ACK codebook size. 

From a system perspective, if a number of UEs share a PCell, the probabilities in Table1 should be multiplied by the number of activated CCs per UE to obtain the probability of spurious PUCCH transmission per subframe. The situation is even worse for TDD, since HARQ ACKs for multiple subframes may be reported together. 

It could be argued that BD reduction can reduce false detection to levels not much worse than would occur in Rel-12 with 5CCs. However, BD reduction may not be feasible in all cases of interest, and the Rel-12 false detection probability may anyway be higher than is desirable. However, at this late stage in the WI, the focus should be on simple mitigation measures, for example not requiring RRC configuration.
In general, we can assume that in response to a false grant, the UE would attempt to decode the corresponding transport block(s), but this would almost certainly fail, leading to one or two corresponding NACKs to be sent.   
As mentioned above, two key cases can be identified:-

1. No other DL grants are received by the UE, except for the falsely detected grant.
a. In this case the UE is likely to transmit a PUCCH which is not expected by the network, and which may cause interference to other PUCCH transmissions. Note that such a PUCCH would only contain NACKs.
2. A falsely detected grant is received by the UE together with other valid grants for other CCs.

a. In this case the HARQ ACK codebook size assumed or deduced by the UE may be incorrect. The mapping between CCs/codewords and HARQ ACK bits may also be disturbed. 

Note that the discussion here is focussed on PUCCH, but similar considerations apply for HARQ ACK on PUSCH.

3 Possible solutions
Desirable characteristics of solutions would be:-

· Significant mitigation of false detection effects
· No significant effect on legacy operation

· Low specification impact

· Low complexity

· No RRC impact

Here we focus on dropping HARQ ACK transmission in certain cases of PDSCH failure [1] [2] [3]. The criteria for such dropping could include:-
· PUCCH contents, with different options:-

· HARQ ACKs consists only of NACK(s) for up to W cells
· HARQ ACKs consists only of NACK(s) for up to X Scells
· More than Y carriers configured

· More than Z carriers activated
· The DAI values received by the UE imply missed DCIs for invalid carriers 
Note that in the case of a genuine case of one or more DL assignments, which would otherwise result in sending only NACK(s), the UE might drop the PUCCH if there is no other UCI, or send PUCCH without HARQ ACK. The eNB would have a reasonable chance of correctly identifying both these cases.  In Rel 12 the eNB would anyway sometimes need to do this when the UE fails to receive any DL grants, even if one or more grants were transmitted.  

Dropping HARQ ACK transmission when HARQ ACKs consist only of NACKs for one cell (X=1 or Y=1) would catch most cases of false detection when no DL grant is sent by the eNB. To also catch some cases when more than one grant is sent we could set a higher value (e.g. X=2) with minimal impact on system operation. However in order to reduce the possibility of errors at the eNB, it would be best to avoid dropping NACKs corresponding to valid DL grants as far as possible. It seems a reasonable assumption that single DL grants would be more likely occur on the Pcell than on an Scell. 
Setting an additional condition on the number carriers configured would reduce any possible impact on operation with legacy networks. For example if Y=5, then PUCCH would only be dropped when more than 5 carriers are configured. 

Setting the additional criterion based on carrier activation could be considered, but would only be effective if Z (the threshold on number of activated carriers) is less than Y (the number of configured carriers).
Proposal 1: To mitigate the effect of false detection of DL grants, HARQ ACK transmission is dropped if more than [5] CCs are configured and the HARQ ACK transmission would consist only of NACKs for no more than [2] Scells. A final decision on the values is taken when details of dynamic HARQ ACK codebook are concluded. 
Depending on the details of the DAI scheme, a falsely detected DL assignment might lead to a set of DAI values which imply missed DCI values for carriers which are not activated, or are not configured. This would be an error case (but not necessarily a misconfiguration). In such cases the HARQ ACK transmission could be dropped.  
Proposal 2: The UE drops HARQ ACK transmission if the received DAI values imply missed DCIs for carriers which are not activated, or are not configured.
As pointed out in [2] increasing PUCCH resources to reduce the probability of a PUCCH collision could also be used as an implementation-based solution to mitigate the effects of false detection. 
4 Conclusions

Based on the above discussion we make the following observations and proposals: 

Observation 1: The likely probability of false detection of DL grants should be considered in the design of the mechanism for dynamic selection of the HARQ ACK codebook size.
Proposal 1: To mitigate the effect of false detection of DL grants, HARQ ACK transmission is dropped if more than [5] CCs are configured and the HARQ ACK transmission would consist only of NACKs for no more than [2] Scells. A final decision on the values is taken when details of dynamic HARQ ACK codebook are concluded. 

Proposal 2: The UE drops the HARQ ACK transmission if received DAI values imply missed DCIs for carriers which are not activated, or are not configured.
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