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1 Introduction
The DL control signalling enhancement was discussed at RAN1 #80 with the following observations
· For possible enhancements to DL control signaling,

· For self-scheduling itself, no enhancements have been identified as absolutely needed

· Other potential enhancements not specifically related to self-scheduling only are of course applicable as well. 

· The following potential issues applicable to DL control could be studied for the 36.300 CA deployment scenarios:

· Possible extension of the cross-carrier scheduling framework to more than 5 CCs

· FFS including:

· CIF (3bit vs. 5bit) as part of the UL/DL grants

· USS definition (in case of 3bit vs. 5bit CIF)

· Aspects to be considered (not limited to):

· DL control channel capacity limitation

· (E)PDCCH blocking/collision

· PHICH blocking/collision

· Increased false-detection rate with an increasing number DL carriers

· UE DL control decoding limitations incl. increasing number of blind decodes

· Improved UE power saving

· Potential limitations of the eIMTA signaling
In this contribution, we study the false detection probability for UEs configured with a large number of CCs. In addition, we also share our views on cross-carrier scheduling and PHICH enhancements.
2 Discussion
2.1 False detection rate
To support up to 32 CCs, one important aspect is to study the false detection probability of (E)PDCCH given that the number of supported carriers increase significantly, i.e. from 5 CCs to 32 CCs. Essentially, this can provide some decision basis to justify whether the total number of blind decoding attempts needs to be reduced and/or whether the CRC length for (E)PDCCH DCI format needs to be extended. Similar discussions have been performed during Rel-10 CA which should be done in order to support up to 32 CCs.
Employing the methodology in [1], the false detection probability can be calculated as follows 
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where 
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 is the CRC length, 
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is the number of BDs, 
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 is the number of UEs having low SNR. Assuming the Rel-10 CA design principle is kept unchanged, the total number of (E)PDCCH blind decoding attempts will increase linearly with the number of activated CCs. The number of BD attempts is calculated as 12 + (N x 32) + (M x 16), where N is the number of CCs and M is the number of CCs which is configured with UL MIMO. 
As explained in [2], the consequence of falsely detecting uplink grant and downlink assignment is different. For UL, it will cause unnecessary PUSCH transmissions and most likely with the maximum number of re-transmissions. However, the impact is limited within each UL CC, i.e. the average false detection rate per CC does not increase from 5 CCs to 32 CCs. With the assumption of 700 UEs in RRC-CONNECTD state, 50 % of the UEs in DRX state, 33% of the UEs having low SNR, 25% false reduction through virtual CRC, each UE performing 38 BD (6 BDs for DCI format 0 in common search space, 16 BDs DCI format 0 and 16 BDs for DCI format 4 in the UE-specific search space). The false detection probability is 0.0166 per UL CC. Based on this simplified analysis, it seems that there is no issue increasing the number of blind decodes from a false detection perspective for the UL.
Observation 1: For UL, there is no issue with increasing the number of blind decodes from a false detection perspective.
For DL, the UE will falsely attempt to decode a non-existing PDSCH and transmit NACK feedback in UL, which results in intra-cell and inter-cell interference. For this scenario, considerations needs to be taken for ACK/NACK feedback as the ACK/NACK feedback will be transmitted on a single CC at least for the UEs not supporting PUCCH on SCell. With the assumptions that the UE decodes 38 BDs per active DL CC (6 BDs for DCI format 1a common search space, 16 BDs DCI format 1a and 16 BDs for a UE specific DCI format in the UE-specific search space), 10% of the UEs active on multiple DL CCs, no DRX and otherwise the same assumptions as for the UL grants. The false detection probability is shown in Figure 1. 
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Figure 1 False detection probability for DL
Strictly speaking, there are many different cases which will result in the undesired ACK/NACK feedback. A simplified analytical method is adopted here that it is assumed if false detection happens the UE will falsely transmit ACK/NACK using one of configured PUCCH resources similar to the existing PUCCH format 3 procedures. Note that there are some cases that the UE could discover a false detection and avoid undesired PUCCH transmissions which are not considered herein. The underlying assumption is that the probability of falsely detection on multiple CCs is sufficiently smaller than the probability of falsely detection on a single CC. 
The undesired A/N feedback will result in the following two cases as shown in Figure 2
· Case 1: undesired A/N feedback without PUCCH resource collision which result in some intra-cell interference (depending on the multiplexing capability of the new PUCCH format design) and inter-cell interference;
· Case 2: undesired A/N feedback with PUCCH resource collision which result in severe intra-cell interference such that the other “normal” UE cannot correctly detects the ACK/NACK feedback. In addition, the inter-cell interference will also be increased similar to Case 1.
Comparing the two cases, Case 2 has a bigger system impact hence it is useful to investigate the probability of Case 2. Considering that PUCCH resource collision only happens when the PUCCH resources are shared among users, the problem boils down to the false detection probability for users sharing the same PUCCH resources.
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Figure 2 Consequence of false detection of downlink assignments
For a given UE, the number of users that may generate PUCCH resource collisions is determined as follows


where 
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is the total number of active UEs, 
 is the ratio of UEs active on multiple CCs, is the total number of PUCCH resources reserved for all the users, 
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 is the ratio of UEs with low SNR. It is assumed that the PUCCH resources are shared equally among the UEs. The PUCCH collision probability can be calculated as

[image: image16.wmf](

)

R

CC

L

N

M

K

P

×

×

+

÷

÷

ø

ö

ç

ç

è

æ

÷

ø

ö

ç

è

æ

-

-

=

0

12

Collision

UE

2

1

1

1


which is essentially the false detection probability for users sharing the same PUCCH resources. Looking at the formula, it is clear that the probability of PUCCH resource collisions relates to the number of reserved PUCCH resources. The PUCCH resource collision probability corresponding to different number of reserved PUCCH resources is given in Figure 3.
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Figure 3 PUCCH resource collision probability
Observation 2: For DL, the PUCCH collision probability due to the false detection is dependent on the number of reserved PUCCH resources.
Fundamentally, there is a tradeoff between the PUCCH resource collision probability and PUCCH overhead. This however relates to the new PUCCH format design. If the PUCCH resource collision probability cannot be kept as sufficiently low for a reasonable PUCCH overhead, the false detection becomes a problem. To solver this, the most straightforward solution is to increase the number of CRC bits. Currently the CRC length is 16 bits. To ensure a more robust detection, it may be beneficial to increase the length of CRC to 24 bits. 
Proposal 1: Increase the CRC length if the PUCCH resource collision probability cannot be kept as sufficiently low for a reasonable PUCCH overhead.
2.2 Cross-carrier scheduling
For cross-carrier scheduling, the first question is whether there is a need to support the case where all 32 CCs are scheduled by a single CC. If this is deemed to be supported, the CIF needs to be extended from 3 to 5. At the same time, the DL control channel capacity limitation and (E)PDCCH blocking/collision needs to be resolved. On the other hand, a simple solution such as carrier grouping can be applied as proposed in [2]. The scheduling and HARQ-ACK feedback timings and procedures are treated independently within each aggregation group and cross-carrier scheduling across groups is prohibited. As mentioned earlier, the grouping should be done for contiguous carriers in the same band. Hence it would be reasonable to support up to 8 CCs within a group. Therefore, the CIF in DCI message doesn’t need to be extended. It is also more feasible to schedule 8 carriers within a group instead of scheduling 32 carriers on one carrier. 

Proposal 2: Cross-carrier scheduling a large number of CCs from a single CC is not optimized.

Proposal 3: Carrie grouping is applied to support cross-carrier scheduling for 32 CCs.
2.3  PHICH enhancement
PHICH is used to initiate non-adaptive UL re-transmissions. PHICH capacity is determined by the PHICH group which seems fine considering the small number of active users per Cell. PHICH resource capacity does not seem to be a problem.

PHICH resource collision could be a probelm if only a few users are scheduled at the same time with each one only allocating a large number of CCs. The collision essentially comes from the reduced flexibility to choose starting PRB index. However, this could be resolved by selecting different PRB indices in each carrier or by limiting the number of schedulable carriers on each carrier. On the other hand, asynchronous HARQ is recommended to be introduced for UL LAA operation [3], it is questionable whether PHICH will be used for unlicensed carriers. The PHICH less operation already exists since Rel-11 and can be applied here as well. 
Proposal 4: Consider the following options for PHICH blocking/collisions

· Opt.1: Limit the number of schedulable carriers on each carrier 
· Opt.2: Skip PHICH for some carriers.
3 Conclusions

In this contribution, we discussed the remaining issues for PUCCH on SCell for CA enhancement. Based on the discussion, we have the following observations

Observation 1: For UL, there is no issue with increasing the number of blind decodes from a false detection perspective.
Observation 2: For DL, the PUCCH collision probability due to the false detection is dependent on the number of reserved PUCCH resource. 

In addition, we have the following proposals

Proposal 1: Increase the CRC length if the PUCCH resource collision probability cannot be kept as sufficiently low for a reasonable PUCCH overhead.
Proposal 2: Cross-carrier scheduling a large number of CCs from a single CC is not optimized.

Proposal 3: Carrie grouping is applied to support cross-carrier scheduling for 32 CCs.
Proposal 4: Consider the following options for PHICH blocking/collisions

· Opt.1: Limit the number of schedulable carriers on each carrier 
· Opt.2: Skip PHICH for some carriers.
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