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1 Introduction

In the RAN1#80bis meeting, the following agreements were reached on DL control signalling for cross-carrier scheduling for up to 32 component carriers with two FFS points related to the CIF mapping and UE-specific search space (USS) definition [1]. There were also many contributions that discuss the PHICH and the false detection issues in [2][3][4]. 
Agreements:
· Keep the Rel. 10 CIF size of 3bits in the DCI (for a carrier-specific grant)
· Rel. 13 CA enabling to address 8 cells with the 3bit CIF

· FFS: Mapping of ServingCellID to CIF for a scheduling cell

· FFS: USS definition and relation to CIF
Agreements:
· No enhancements to Rel. 10 CA PHICH resources and related mapping is needed in Rel. 13 CA
· FFS: Whether to clarify of UE behavior in case of multiple PUSCH transmission pointing to the same PHICH resource for the UE
In this contribution, we give our views for the remaining issues on the cross-carrier scheduling, PHICH resource collision and also the false detection issue on DL control signalling for up to 32 component carriers.
2 Remaining issues for cross-carrier scheduling and PHICH
2.1 Mapping of ServingCellID to CIF for a scheduling cell
In Rel-10 cross-carrier scheduling, for one PDSCH or PUSCH cell, its scheduling cell should be only one cell. The linkage is configured by RRC for the cross-scheduled cell and its cross-scheduling cell. As already agreed that in last meeting the 3-bit CIF is kept in the cross-carrier DCI, there are at most 8 cells that could be scheduled by one scheduling cell. For example, if there are 32 aggregated CCs (CC1 to CC32) for one UE, then one configuration could be that (E)PDCCHs on CC1 can schedule PDSCH/PUSCH on CC1 to CC16, while (E)PDCCHs on CC17 can schedule PDSCH/PUSCH on CC17 to CC32. Therefore, the most straightforward solution is to extend current ServingCellID from 8 to 32, and then the linkage between the states of CIF and the ServingCellID can be configured by high layer signaling, which should satisfy that one cross-scheduling cell can at most scheduling 8 scheduled cells. In this way, the Rel-10 rule is kept in that for one PDSCH or PUSCH cell, its scheduling cell should be only one cell. 

Proposal 1: ServingCellID should be extended from 8 to 32, the linkage between the states of CIF and the ServingCellID can be configured by high layer signaling. 
2.2 USS definition and relation to CIF
For the USS design for cross-carrier scheduling in Rel-10, CIF is used to determine the USS of the related cell, which could decrease the (E) PDCCH blocking probability. We don’t see any reason to break this definition, considering in Rel-13 CA the blocking issue is even more serious than that in Rel-10. 

Proposal 2: The Rel-10 rule for CIF based USS definition should be kept in Rel-13 CA. 
2.3 UE behavior in case of multiple PUSCH transmission pointing to the same PHICH resource for the UE
Based on section 5.4.2.2 in [5], the condition of HARQ buffer is flush as follows:

“After performing above actions, the HARQ process then shall:

-
if CURRENT_TX_NB = maximum number of transmissions – 1:

-
flush the HARQ buffer;”
It indicates that UE will flush the HARQ buffer only when retransmission number is larger than the maximum configuration value. In other words, UE will not flush the reserve HARQ buffer even if ACK/NACK in the PHICH is received. Therefore, there is no impact to HARQ buffer when there are multiple PUSCH transmissions pointing to the same PHICH resource. Besides, since the eNB can know whether PHICH resources collisions exist, the eNB can indicate the (re)transmission by (E) PDCCH instead of PHICH. Moreover, PHICH collision exists in Rel-10 CA, UE behavior is not specified. Now for Rel-13 CA, we don’t still see any reason to specify UE behavior in case of multiple PUSCH transmission pointing to the same PHICH resource for the UE.
Proposal 3: UE behavior should not be specified in case of multiple PUSCH transmission pointing to the same PHICH resource for the UE. 
3 Discussion on impact of false detection
False detection means that a CRC check passes but in fact the checked signal does not belong to the receiver. False detection occurs caused by transmission errors, which may be brought by interference, noise and mismatch RNTI. The UE capability for DL decoding needs to be extended for the UE, while the number of supported DL component carriers increases from 5 CCs to 32 CCs. Hence, the (E) PDCCH blind decoding capability is increased linearly with the DL decoding capability. Therefore, the false-detection rate will linearly increase with increasing the number of activated CCs.
Assuming that a UE decodes weak signals with bit error probability of 50%, and then the false detection probability for a single UE, and single CC, and single blind detection is
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, where k is the CRC length. If a UE performs M blind decodes per cell for C cells simultaneously [2]. 
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is the blind detections/cell number related to DL resource assignments), assuming 
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 is the number of activated aggregated carrier for the UE, assuming  
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The UL grant false detection would lead to wrongly PUSCH transmission till the maximum retransmission times. This would not have serious impact except creating the undesired UL interference. In other side, if (E) PDCCH DL assignment is false detected, it will lead to trigger undesired HARQ-ACK transmission in UL side in [2]

 REF _Ref415495455 \r \h 
[3]

 REF _Ref415495721 \r \h 
[4]. Even if the false detection rate per cell is the same as Rel-10 which could be acceptable from the perspective of PDSCH HARQ buffer corruption, the rate of the undesired PUCCH transmission would significantly be increased. Assuming PCell PUCCH carries HARQ-ACK corresponding to all DL component carriers, the PUCCH collision rate 
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depends on the number of UE with activated multiple CCs, false detection rate, and the probability of PUCCH collision between the intended and unintended UEs.
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 is the false detection probability for UEs with activated multiple CCs, where 
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is the probability of PUCCH collision between the intended and unintended UEs.  
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is the number of scheduled UEs in the subframe, 
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is the total number of PUCCH resources with same format reserved for all the users in one subframe, 
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 is the number of Pcell that can be configured to the PUCCH transmission. Assuming 
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Based on the above formula of PUCCH collision rate, the baseline of PUCCH collision rate is shown in table 1. 
Table 1 the baseline of PUCCH collision rate per UE in SCE scenario (Macro and Pico)
	
	No CA
	Rel.10 CA (5CCs)
	Rel.13 CA (32CCs)

	Baseline of PUCCH collision rate
	0.0005
	0.0024
	0.0155


There are two solutions to remit the PUCCH collisions by the eNB implementation for Rel.13 CA:
· Solution 1: the number of Pcell 
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for PUCCH transmission would be increased, in other words, different Pcell can be configured for different UE. Even though all PUCCHs are towards macro cell, the macro cell in Rel.13 CA may have multiple licensed CCs which can be configured as Pcell. 
· Assuming the Macro could have 
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 for PUCCH transmission in Rel.13 CA with up to 32 CCs. 
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· Then 
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 in Macro carrier frequencies and 
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 in Pico carrier frequencies. 
Hence, the PUCCH collision rates of Rel.13 CA and Rel.10 CA are shown in the Table 2 when
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Table 2 PUCCH collision rate when
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	No CA
(1CCs for the UE)
	Rel.10 CA 
(5CCs for the UE)
	Rel.13 CA 
(32CCs for the UE)

	Baseline of 

PUCCH collision rate
	0.0005
	0.0024
	0.0155

	PUCCH collision rate in Macro carrier frequencies
	0.0005(0%)
	0.0024(0%)
	0.0016 (-90%)

	PUCCH collision rate in Pico carrier frequencies
	0.0005(0%)
	0.0024(0%)
	0.0031(-80%)


Observation 1: Increased 
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 can decrease significantly the PUCCH resource collision rate.
· Solution 2: 
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 can be increased to reduce the PUCCH resource collision rate. 
Given the number of users in the small cell is not a lot, the number of UEs with 32 activated CCs in the small cell is expected to be a little , 5 times reserved PUCCH resources than number of scheduled UE may be accepted.
· Assuming the 
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 (10 scheduled UE in 50 CCE PUCCH resource) and 
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for Rel.10 and Rel.13 CA. Then
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Hence, the PUCCH collision rates of Rel.13 CA (32CCs) are shown in the Table 3 when
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Table 3 PUCCH collision rate when 
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	No CA

(1CCs for the UE)
	Rel.10 CA 

(5CCs for the UE)
	Rel.13 CA 

(32CCs for the UE)

	Baseline of 

PUCCH collision rate
	0.0005
	0.0024
	0.0155

	PUCCH collision rate 
	0.0005(0%)
	0.0024(0%)
	0.0031(-80%)


From Table 3, it could be seen that the PUCCH collision rate would be decreased significantly by increased
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Observation 2: Increased
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 can decrease significantly PUCCH resource collision rate.

For new PUCCH format(s)are used to feedback HARQ-ACK for up to 32 DL CCs, since  at most one UE with activated 32CCs is scheduled in one subframe, the waste of reserved PUCCH resources may be accepted.

If the Solution 1 and Solution 2 are applicable together in the same subframe, the PUCCH collision rates are shown in Table 4.
Table 4 PUCCH collision rate when
[image: image42.wmf] 

0.2

scheduledUE

PUCCH

N

N

=

,
[image: image43.wmf]10

Pcell

N

=

 for Macro and 
[image: image44.wmf]5

Pcell

N

=

 for Pico 
	
	No CA

(1CCs for the UE)
	Rel.10 CA 

(5CCs for the UE)
	Rel.13 CA 

(32CCs for the UE)

	Baseline of 

PUCCH collision rate
	0.0005
	0.0024
	0.0155

	PUCCH collision rate in Macro carrier frequencies
	0.0005(0%)
	0.0024(0%)
	0.003(-98%)

	PUCCH collision rate in Pico carrier frequencies
	0.0005(0%)
	0.0024(0%)
	0.006(-96%)


From Table 4, it could be seen the PUCCH collision rate for 32CCs in Rel.13 CA would be the similar with 1CC. Based on the above observations, the PUCCH resource collision probability caused by false detection of DL 32 CCs may be resolved by the eNB implementation, we propose:
Proposal 4:  PUCCH collision probability due to DL grant false detection of 32 CCs can be kept similar with that of 1CC by increasing the number of Pcell and reserved PUCCH resources.
Basically, there is a tradeoff between the PUCCH resource collision probability and PUCCH overhead. When PUCCH overhead cannot be accepted in order that the PUCCH resource collision probability is kept as sufficiently low, a joint DCI in [6] and enhancement (E)PDCCH solution in [7] may be considered to decrease false detection probability for up to 32 component carriers.
4 Conclusions

This contribution discusses the remaining of DL control signaling issues for CA beyond 5 carriers. According to above discussions, we have the following proposal and observations:
Proposal 1: ServingCellID should be extended from 8 to 32, the linkage between the states of CIF and the ServingCellID can be configured by high layer signaling.

Proposal 2: The Rel-10 rule for CIF based USS definition should be kept in Rel-13 CA.
Proposal 3: UE behavior should not be specified in case of multiple PUSCH transmission pointing to the same PHICH resource for the UE
Observation 1: Increased 
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 can decrease significantly the PUCCH resource collision rate.

Observation 2: Increased
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 can decrease significantly PUCCH resource collision rate.

Proposal 4: PUCCH collision probability due to DL grant false detection of 32 CCs can be kept similar with that of 1CC by increasing the number of Pcell and reserved PUCCH resources.
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