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1 Introduction
The impact of false positive detection of DL grants has been previously discussed in relation to carrier aggregation [1],[2]. Blind decoding reduction has been adopted, mainly to reduce UE complexity, but with the desirable side-effect or reducing false alarm probability (per UE).  This contribution considers this issue further and proposes additional mitigation measures. 

2 Discussion
If the UE is unable to identify and reject a PDCCH/EPDCCH false alarm, such an event would be quite likely to lead to one of the following:

· spurious PUCCH transmission (e.g. if no PDSCH has been scheduled), potentially leading to collision with other PUCCH transmissions 

· incorrect HARQ ACK codebook size (e.g. if one or more PDSCH are scheduled), potentially leading to one or more of the following

· use of an incorrect PUCCH format

· CRC failure in decoding the UCI

· incorrect interpretation of the HARQ ACK information provided by the UE  
Any of the error events identified are likely to lead to unnecessary re-transmission of PDSCH for all the affected cells.
The estimated probability of a UE falsely detecting a DL grant for some representative case is given in Table 1 for FDD. 

	Number of Activated Carriers 
	5
	16
	32

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

	Number of blind decodes per subframe for DL scheduling
	160
	40
	512
	128
	1024
	256

	Probability of false detection (per UE, per subframe)
	~2x10-3
	~6x10-4
	~7x10-3
	~2x10-3
	~10-2
	~4x10-3


Table 1: Probability of false detection of DL scheduling per subframe for FDD, assuming no PDCCH/EPDCCH are transmitted, and based on 16 bit CRC, and 32 PDCCH/EPDCCH candidates per CC. 
(a) No BD reduction

(b) 75% BD reduction (assumed to be achieved by disabling DCI Format 0/1A, and reducing BDs by about 50% for other DCI formats).  

The estimated probability of a UE falsely detecting a DL grant for some representative cases is given in Table 2 for TDD.

	Number of Activated Carriers 
	5
	16
	32

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

	Number of blind decodes per window for DL scheduling 
	80
	320
	256
	1024
	512
	2048

	Probability of false detection (per UE, per window)
	~10-3
	~4x10-3
	~4x10-3
	~10-2
	~7x10-3
	~2x10-2


Table 2: Probability of false detection of DL scheduling per subframe for TDD, assuming no PDCCH/EPDCCH are transmitted, and based on 16 bit CRC, and 32 PDCCH/EPDCCH candidates per CC. The window here is the period over which HARQ ACK bits are multiplexed into the same UCI transmission 
(c) 75% BD reduction, UL/DL configuration 2
(d) 75% BD reduction, UL/DL configuration 5

The probability of false detection per UE per subframe can approach 1% for FDD and be significantly higher for TDD, even assuming the full application of BD reduction.  From a system perspective, if a number of UEs share a PCell, and the probabilities in Table1 and Table 2 should be multiplied by the number of activated CCs per UE to obtain the probability of spurious PUCCH transmission per subframe. One of the main motivations for CA is to achieve a high peak bit rate, which implies only a few active UEs receiving PDSCH in any one subframe  (with the possible exception might be RRC signalling, which would be sent via the PCell). In such a scenario most of the false detections would occur in UEs which are not actively receiving data via Scells. Since a false detection of a DL assignment would almost certainly result in “NACK” for the corresponding transport block(s), it is quite likely that the appearance of a single DL assignment on an Scell, with only NACK(s) to be transmitted, is due to false detection. In such a case the transmission of HARQ ACK can be dropped with minimal impact. If the eNB does schedule such case it only needs to be ready for an increased probability that there will be no HARQ ACK transmitted by the UE (which can anway occur if the UE fails to receive a single DL assignment).    
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.  Thus, if there is not a shortage of UL resources, probably PUCCH resources can be expanded and codebooksizeDetermination-r13 would be configured with a fixed HARQ ACK codebook size. On the other hand, if fewer UL resources are available, dynamic HARQ ACK codebook size would probably be configured.  
Considering the above leads to the following proposal:-

Proposal 1: To mitigate the effect of false detection of DL grants, if higher layer parameter codebooksizeDetermination-r13 = 0, HARQ ACK transmission is dropped if the HARQ ACK transmission would consist only of NACKs, with no PDSCH scheduled on Pcell and with PDSCH scheduled for no more than 1 Scell. 

A falsely detected DL assignment would contain some randomly generated DAI value. It is most likely that this value would not fit into the sequence of DAI values for valid DL assignments. However, the currently specified procedure may attempt to fill the gaps. Thus a false detection may to lead to a set of DAI values which imply missed DCI values for carriers which are not currently activated, or perhaps are not even configured. This would be an error case (but not necessarily a misconfiguration). In such cases the HARQ ACK transmission could be dropped, but it should be sufficient to leave this to UE implementation.  Therefore we propose the following:-  

Proposal 2: The UE may drop the HARQ ACK transmission if the received DAI values imply missed DCIs for carriers which are not activated. This behaviour is not specified and left to UE implementation.

Note that the discussion here is focussed on PUCCH, but similar considerations apply for HARQ ACK on PUSCH.
3 Conclusions
With the intention of providing mitigation with minimal complexity or impact on normal system operation, the following proposals are put forward, conditional on use of DAI being configured:-
Proposal 1: To mitigate the effect of false detection of DL grants, if higher layer parameter codebooksizeDetermination-r13 = 0, HARQ ACK transmission is dropped if the HARQ ACK transmission would consist only of NACKs, with no PDSCH scheduled on Pcell and with PDSCH scheduled for no more than 1 Scell. 

Proposal 2: The UE may drop the HARQ ACK transmission if the received DAI values imply missed DCIs for carriers which are not activated. This behaviour is left to UE implementation. 
An example of how Proposal 1could be implemented is shown in a text proposal in the Annex (for FDD), together with some other issues with the eCA specifications which could be corrected at the same time.  
4 References

[1] R1-155595
On solving the false detection problem
Nokia Networks

[2] R1-154466
On the false detection problem with an increasing number of DL component carriers
Nokia Networks
Annex

-------------------------------------------draft CR Text proposal for 36.214------------------------------------------------
7.3.1
FDD HARQ-ACK reporting procedure

For FDD with PUCCH format 1a/1b transmission, when both HARQ-ACK and SR are transmitted in the same sub-frame, a UE shall transmit the HARQ-ACK on its assigned HARQ-ACK PUCCH format 1a/1b resource for a negative SR transmission and transmit the HARQ-ACK on its assigned SR PUCCH resource for a positive SR transmission. 

For FDD with PUCCH format 1b with channel selection, when both HARQ-ACK and SR are transmitted in the same sub-frame a UE shall transmit the HARQ-ACK on its assigned HARQ-ACK PUCCH resource with channel selection as defined in subclause 10.1.2.2.1 for a negative SR transmission and transmit one HARQ-ACK bit per serving cell on its assigned SR PUCCH resource for a positive SR transmission according to the following:

· if only one transport block or a PDCCH/EPDCCH indicating downlink SPS release is detected on a serving cell, the HARQ-ACK bit for the serving cell is the HARQ-ACK bit corresponding to the transport block or the PDCCH/EPDCCH indicating downlink SPS release;

· if two transport blocks are received on a serving cell, the HARQ-ACK bit for the serving cell is generated by spatially bundling the HARQ-ACK bits corresponding to the transport blocks;

· if neither PDSCH transmission for which HARQ-ACK response shall be provided nor PDCCH/EPDCCH indicating downlink SPS release is detected for a serving cell, the HARQ-ACK bit for the serving cell is set to NACK;
and the HARQ-ACK bits for the primary cell and the secondary cell are mapped to [image: image1.wmf])
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 are specified in subclause 5.4.1 in [3].

For FDD, when a PUCCH format 3/4/5 transmission of HARQ-ACK coincides with a sub-frame configured to the UE by higher layers for transmission of a scheduling request, the UE shall multiplex HARQ-ACK and SR bits on HARQ-ACK PUCCH resource as defined in subclause 5.2.3.1 in [4], unless the HARQ-ACK corresponds to a PDSCH transmission on the primary cell only or a PDCCH/EPDCCH indicating downlink SPS release on the primary cell only, in which case the SR shall be transmitted as for FDD with PUCCH format 1a/1b. 
For FDD and for a PUSCH transmission, a UE shall not transmit HARQ-ACK on PUSCH in subframe n if the UE does not receive PDSCH or PDCCH indicating downlink SPS release in subframe n-4.
When only a positive SR is transmitted, a UE shall use PUCCH Format 1 for the SR resource as defined in subclause 5.4.1 in [3]. 

If a UE is configured with higher layer parameter codebooksizeDetermination-r13 = 0, for FDD and UCI transmitted in a subframe n, in subframe n-4
 the value of the counter Downlink Assignment Indicator (DAI) in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D denotes the accumulative number of serving cell(s) with PDSCH transmission(s) associated with PDCCH/EPDCCH and serving cell with PDCCH/EPDCCH indicating downlink SPS release, up to the present serving cell in increasing order of serving cell index; the value of the total DAI in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D denotes the total number of serving cell(s) with PDSCH transmission(s) associated with PDCCH/EPDCCH(s) and serving cell with PDCCH/EPDCCH indicating downlink SPS release. Denote 
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 as the value of the counter DAI in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D scheduling PDSCH transmission or indicating downlink SPS release for serving cell c, according to table 7.3.1-1. Denote 
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as the value of the total DAI, according to Table 7.3.1-1. The UE shall assume a same value of total DAI in all PDCCH/EPDCCH scheduling PDSCH transmission(s) and PDCCH/EPDCCH indicating downlink SPS release in a subframe.

If a UE is configured with higher layer parameter codebooksizeDetermination-r13 = 0 and if the UE transmits UCI on PUCCH 
in subframe n, the UE shall determine the 
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 according to the following pseudo-code:

Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell

Set j = 0
Set 
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 to the number of cells configured by higher layers for the UE
while c < 
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if there is a PDSCH on serving cell c associated with PDCCH/EPDCCH or there is a PDCCH/EPDCCH indicating downlink SPS release on serving cell c,


if 
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j = j+1

end if
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if the higher layer parameter spatialBundlingPUCCH is set FALSE and the UE is configured with a transmission mode supporting two transport blocks in at least one configured serving cell,
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= HARQ-ACK bit corresponding to the first codeword of this cell
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= HARQ-ACK bit corresponding to the second codeword of this cell
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elseif the higher layer parameter spatialBundlingPUCCH is set TRUE and the UE is configured with a transmission mode supporting two transport blocks in at least one configured serving cell,
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= binary AND operation of the HARQ-ACK bits corresponding to the first and second codewords of this cell
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else
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end if

end if

c = c + 1
end while

if 
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j = j+1

end if

if the higher layer parameter spatialBundlingPUCCH is set FALSE and the UE is configured with a transmission mode supporting two transport blocks in at least one configured serving cell,
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 and if there is no PDSCH associated with PDCCH/EPDCCH or PDCCH/EPDCCH indicating downlink SPS release on the primary cell and no more than one PDSCH associated with PDCCH/EPDCCH among all the secondary cells, then set 
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in subframe n. 
For a UE configured with higher layer parameter codebooksizeDetermination-r13 = 0, if the UE transmits HARQ-ACK on PUSCH in a subframe, the UE shall determine the 
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 according to the above procedure, except that the higher layer parameter spatialBundlingPUCCH is replaced by spatialBundlingPUSCH
�For UCI transmitted in subframe n, the DAI is in subframe n-4


�The UE needs to execute the pseudo code in order to determine which PUCCH format should be used


�This prevents HARQ-ACK transmission if there is only one PDSCH scheduled, and this is on a secondary cell with no HARQ-ACK bit(s) set to ACK for that PDSCH
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