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Introduction
During RAN1#80, initial discussions took place on the required enhancements to DL control signaling for aggregation of up to 32 carriers. The following observations were made:
	Observations:
· For possible enhancements to DL control signaling,
· For the purpose of self-scheduling itself, no absolutely needed enhancements have been identified
· Please note, that 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 analyze issues related to increased false detection rate when the number of DL carriers is increased to 32. It will be shown that spurious transmission of PUCCH caused by false detection may restrict the number of UE’s that can be configured with 32 DL carriers in a macro cell to a very low number. We then discuss implications for the design of downlink control signaling.
Issues with false detection
The problem of false detections has been studied quite extensively in R10 (see for example [1]-[3]). False detection occurs when following a blind decode attempt on a PDCCH or E-PDCCH candidate, the CRC check passes even though there was no actual PDCCH or E-PDCCH transmission for the UE. This would typically occur under low SNR conditions that are experienced when a UE has a poor geometry, or when no transmission occurs (for any UE) on the corresponding PDCCH or E-PDCCH resource. Its probability per blind decode attempt is upper bounded by 2-N where N is the length of the CRC (16 bits). The actual probability may be smaller if the UE realizes that the decoded information is invalid, e.g. if a padding bit is not set to zero.
False detection may cause different issues depending on whether what is falsely detected is a DL assignment or an UL grant. False detection of an UL grant causes interference to other UE’s on the concerned UL carrier and retransmission at RLC level of the data inserted in the PUSCH transmission. False detection of a DL grant causes interference to other UE’s on the UL carrier(s) where PUCCH is transmitted, and may also cause retransmission at RLC level of downlink data due to buffer corruption.
For R10, the analysis of the impacts on a per-UE as well as on a system level concluded that the degradation is acceptable given the number of blind decode attempts per cell, as long as the number of attempts linearly increases with the number of cells. Such analyses considered the number of UE’s in a cell that might be monitoring PDCCH/E-PDCCH (connected and not in DRX or de-activated for the Scell).
In a scenario where the number of DL and/or UL carriers is increased to 32, the degradation due to false detection may  be modified as follows:
a) For the UE configured with 32 DL or 32 UL carriers, the probability of RLC retransmission due to false detection of PDSCH or PUSCH (respectively) increases in any given subframe (per unit of time). However, the probability per unit of data transferred remains the same. Similarly, from the perspective of the network there is no change in the probability of RLC retransmission per carrier.
b) For the UE configured with 32 UL carriers, the probability of interfering other UE’s in UL carriers due to falsely detected grant (PUSCH transmission) remains the same on a per-carrier basis.
c) For the UE configured with 32 DL carriers, the probability of interfering other UE’s in UL carriers due to falsely detected PDSCH assignment and spurious PUCCH transmission may increase especially if the number of UL carriers on which PUCCH resources are deployed (for all UE’s) does not scale with the number of DL carriers.
The last point (c) is potentially a problem and deserves additional discussion. In the scenarios under consideration that could possibly include unlicensed spectrum, it may well be expected that the resources available to UE’s supporting the feature are for the most part DL resources. In addition, the network may prefer to configure PUCCH transmissions to the macro cell for some or all UE’s. In such scenarios the increased probability of spurious PUCCH transmissions due to false detection of DL assignment would increase interference on the UL carriers where PUCCH is deployed.
It should be noted that a UE receiving PDSCH from multiple carriers may have more possibilities of detecting a falsely detected assignment as its ARI would not match the ARI of other assignments. Thus, assuming that a similar ARI mechanism is kept for aggregation up to 32 carriers, the problem should occur mostly for a UE in active time (non-DRX) that is not scheduled in a particular subframe, falsely detects a (single) assignment for a Scell and transmits the PUCCH on the resource indicated by the ARI. 
Another consideration is the expected SNR of PDCCH/E-PDCCH for UE’s configured with a large number of carriers. The minimum geometry for a UE to be configured with a large number of carriers depends on the network scheduling strategy. In our view, it is not clear that the best strategy is to preclude UE’s with low geometry from accessing resources from a large number of carriers in a subframe. In addition, the resource utilization on a small cell tends to be lower than on a macro cell. This means that for a larger proportion of blind decode attempts, nothing is actually transmitted by the eNB on the corresponding resource and the SNR is thus anyway low regardless of the geometry of the UE.
Based on the above analysis one can attempt to quantify a maximum number of UE’s that can be configured with 32 DL carriers with PUCCH resources of the macro cell. For a low geometry UE, the number of blind decodes that may result in a false detection is 32 per carrier or 1024 in total. For a UE in better radio conditions, the number of blind decodes under low SNR is tied to the percentage of PDCCH/E-PDCCH resources for which there is no transmission (U). Thus, the average number of blind decodes B that may result in a false detection for a given UE may be expressed as:
B = 1024 GL + 1024 U (1 – GL), where GL is the percentage of UE’s configured with 32 carriers that are in low geometry conditions. The probability of a spurious PUCCH transmission for a number M of UE’s not scheduled but in active time is:
PSP = 1 – (1 – 2-K) M B  M B 2-K  where K = 16 is the CRC length and we use the fact 2-K that is a very small number for the approximation. Assuming that the network can tolerate a probability of spurious PUCCH transmission of 1%, the maximum number of UE’s in active time (but not scheduled) would be:

M1% = 0.01 / (B 2-K) = 655 / B = 655 / [1024 GL + 1024 U (1 – GL)]

Assuming a percentage of low geometry UE’s GL = 30% and a percentage of empty PDCCH/E-PDCCH U = 30%, one would obtain M1% = 1.25. This essentially means that the network can tolerate that at most 1 UE configured with 32 DL carriers and with PUCCH in the UL of the macro cell can be in active time while not being scheduled. Such requirement imposes quite tight DRX and carrier activation management even for modest populations of UE’s configured with 32 carriers and may thus severely limit the number of UE’s that can be configured with a large number of carriers under a macro cell.

Observation: Spurious transmission of PUCCH caused by false detection may restrict the number of UE’s that can be configured with 32 DL carriers in a macro cell to a very low number. 

Impact on downlink control signaling design
The issue of false detection can be addressed by different solutions, including:
· Decreasing the probability of false detection by blind decode attempt, by increasing CRC length or padding;
· Decreasing the number of blind decode attempts;
· Some combination of both approaches

The approach of decreasing the number of blind decode attempts through the scheduling of more than one carrier from a single PDCCH/E-PDCCH has been mentioned in several contributions (e.g. [4]-[6]). Such “multi-cell” assignment could operate within cell groups defined from configuration, and would also offer the following benefits:
· Support for cross-carrier scheduling within a group
· Reduction of peak processing requirement due to blind decoding
· Potential for overhead reduction (e.g. for resource allocation) 

The latest aspect is related to practical considerations for the scheduling of a UE configured with 32 carriers. For such a UE it may be questioned whether there is a benefit in providing very detailed resource allocation information for each carrier, considering that in all likelihood such a UE would frequently access all resources from a given carrier when scheduled. Thus, there is scope for reducing the resource allocation information without affecting performance significantly. For example, one could envision that within a multi-cell assignment, detailed allocation information is only provided for 1 or 2 carriers (selected dynamically) and that for the remaining carriers it is only indicated whether all resources or no resource is allocated.
Another approach to reducing false detection probability could be to condition blind decode attempts for a carrier to the reception of an additional PDCCH/E-PDCCH that may be indicating a list of carriers for which the UE is being scheduled in the subframe(s). This solution would have the side benefit of naturally providing a fast codebook adaptation mechanism, at the cost of increased overhead and increased error sensitivity to the additional PDCCH/E-PDCCH.
Proposal: For the reduction of false detection probability of PDCCH/E-PDCCH, consider introduction of multi-cell DL assignments and UL grants within cell groups.

Conclusion
This contribution analyzed issues related to increased false detection rate when the number of DL carriers is increased to 32. The following observation and proposal are made:
Observation: Spurious transmission of PUCCH caused by false detection may restrict the number of UE’s that can be configured with 32 DL carriers in a macro cell to a very low number. 
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Proposal: For the reduction of false detection probability of PDCCH/E-PDCCH, consider introduction of multi-cell DL assignments and UL grants within cell groups.
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