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Introduction
A new WI was agreed at RAN #66 plenary meeting to support LTE carrier aggregation beyond 5 carriers [1]. One of the objectives is to specify necessary mechanisms to enable LTE CA extension with up to 32 component carriers, including:
· Enhancements to DL control signalling for up to 32 component carriers including both self-scheduling and cross-carrier scheduling, if any [RAN1]
· Enhancements to UL control signalling for up to 32 component carriers [RAN1]
· Enhancements to support UCI feedback on PUCCH for up to 32 DL carriers
· Specify the necessary enhancements to UCI signalling formats to support UCI feedback for up to 32 DL carriers 
· Enhancements to support UCI feedback on PUSCH for up to 32 DL carriers
· Higher layer enhancements for a UE to aggregate up to 32 component carriers, if identified [RAN2]
In this contribution, we discuss the enhancements to DL control signaling for up to 32 component carriers.
Discussion
In 3GPP up to Rel-12, maximum 5 component carriers (CC) are supported for CA. Aggregating more CCs, i.e., up to 32 carriers may significantly increase the load of both DL and UL control signaling and processing capacity. Herein we discuss the potential enhancements to DL control signaling.
DL Control channel processing
It is clear that the data decoding capability needs to be extended in the UE when multiple carriers are supported. However an associated aspect is that the control decoding capability should be extended in the same manner as the data decoding capability. Given that decoding a higher data rate would require substantially increased processing capability, it can be also expected that increasing the control channel processing capacity in the same manner would be feasible. However, one other aspect to consider with control channel decoding is the risk of false detection of (E)PDCCH. In case of a false detection of DL assignment, the UE will falsely transmit ACK/NAK feedback resulting in large inter and intra cell interference. In case of a false detection of UL grants, a UE will transmit an unnecessary PUSCH transmission and will most likely transmit this PUSCH transmission with the maximum number of possible retransmissions resulting in even more interference. It has been shown in [2] that the PDCCH false detection probability increases significantly with the number of aggregated carriers. Therefore, it is necessary to study the false detection probabilities on (E)PDCCH given an increased number of DL carriers, i.e. 32 CCs. 
If (E)PDCCH false detection probability is deemed to be a problem, there are several potential alternatives to solve it as discussed below. 
One alternative is to increase the number of CRC bits. The false detection probability is mainly controlled by the CRC length and the number decoding attempts at low SNR. 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.
Another alternative is to introduce carrier grouping. This could be feasible by the motivation that some of the carriers are expected to be in the same band and they are most likely contiguous with high correlation in the band. One such example is the LAA (Licensed-Assisted Access) which is one of the main scenarios for aggregating up to 32 CCs. The unlicensed carriers within a band are mostly likely contiguous and hence can be grouped together. An example is shown in Figure 1. 
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Figure 1: Example of unlicensed spectrum on 5GHz
Since there will be high correlations between the aggregated carriers such that some simplifications could be envisioned, e.g. scheduling, HARQ-ACK reporting, etc. There are several options to perform the scheduling in a group. The first option is to assign a single DL assignment or UL grant to schedule several carriers within a group at once. It can be expected that this option will decrease the false detection probability of (E)PDCCH. In addition, it potentially reduces the control signaling overhead in the DL. Another option is to group the carriers, but keep individual DL assignments or UL grant per carrier. Since there are less carriers in a group than the total number of DL carriers to be supported, the false detection probability of (E)PDCCH is smaller than having 32 aggregated DL carriers. However, in case there is a false detection in one group, for example, UE falsely detects a DL assignment and hence will falsely transmits HARQ-ACK on the UL carrier in this group, the false transmission in the UL may affect the coverage of the UL transmission and would then need further study. 
Proposal:
· Study the false detection probability on (E)PDCCH for an increased number of supported DL carriers and discuss potential solutions in case problems are identified.
Cross-carrier scheduling
According to WID, both self-scheduling and cross-carrier scheduling should be supported. Specifically on support of cross-carrier scheduling, some additional analysis is required. Cross-carrier scheduling with the current LTE design can be extended to support aggregation of maximum 8 carriers due to that CIF consists of 3 bits. 
In order to support up to 32 carriers, one way is to extend the CIF to 5 bits in the DCI message, which requires the standard modification. Furthermore, it may not be feasible to do cross-carrier scheduling of 32 CCs on one carrier, due to limited (E)PDCCH capacity and hence this approach may not be desirable. 
Another option is to group the carriers and do the scheduling within a group as shown in Figure 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. 
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[bookmark: _Ref410327551]Figure 2: Carrier grouping and scheduling
[bookmark: _GoBack]Conclusion
In this contribution, we discussed possible enhancements for DL control signaling and made the following proposal:
Proposal:
· Study the false detection probability on (E)PDCCH for an increased number of supported DL carriers and discuss potential solutions in case problems are identified.
References
[bookmark: _Ref399492251][bookmark: _Ref409528764]RP-142286, “New WI proposal: LTE Carrier Aggregation Enhancement Beyond 5 Carriers On the number of antenna columns”, RAN#66, 
[bookmark: _Ref410319052]R1-100843, “On blind decodes for carrier aggregation”, RAN1#60, Ericsson, ST-Ericsson.




image2.png
DL CCs

Group 1

No cross-carrier
scheduling
across groups

Group2 ) (SIS





image1.png
5170 5250 5250 - 5730 5735 5815 58155835
MHz MHZ MHz
IEEE Channel # 932 |
2o (VY
40MHz |
80 MHz |
160 MHz |





