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1 Introduction

This contribution considers the cost/benefit tradeoffs for extending the working assumption of “Option 1” to “Modified Option 1” or “Option 2”.
2 “Option 1” Extensions
For reference, “option 1” considers that:
Each PDSCH/PUSCH CC can be scheduled only from a single DL CC, i.e. the UE only monitors PDCCH on one DL CC for each PDSCH/PUSCH CC.
· For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier.
“Modified option 1” considers that:

For each PDSCH/PUSCH CC, eNB configures a single CC to primarily carry the corresponding PDCCH.

· For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier.
· For each PDSCH/PUSCH CC, PDCCH on the DL carrier with CIF where the UE monitors PDCCH (other than the configured single CC) shall be able to schedule the PDSCH/PUSCH only if the same DCI payload size is applied.
“Option 2” generalizes “Modified Option 1” to include different DCI payload sizes. However, in order to maintain the maximum number of blind decoding operations (BDOs) as for the case of no cross-carrier scheduling, “Option 2” requires rather complex modifications in the search space design according to the number of cross-scheduled CCs. For this reason, “Option 2” is not deemed a useful alternative and will not be further considered. Note that bit padding to force the same DCI payload size among CCs is also highly undesirable as the transmission modes and/or the CC BWs may vary and significant padding and many combinations may be required. This would lead to unacceptable increase in unnecessary overhead, particularly considering existing PDCCH size limitations [1], and unnecessary complexity considering that this is only an optimization which does not have a noticeable impact on overall system operation and performance. Therefore, the only outstanding issue is only whether “Modified Option 1” should be supported. 

The only benefit of “Modified Option 1” is that it can reduce the blocking probability due to UE-specific search space (SSS) limitations as the SSS in multiple DL CCs can be used. However, for properly designed SSS, its impact on the overall system throughput should be negligible. This was also confirmed in [2] where for typical operating conditions the blocking probability using “Option 1” is at most a few percentage points and any improvement from “Modified Option 1” will have no impact on the system throughput. 
Moreover, considering that the main use case for cross-carrier scheduling is to enable ICIC on the PDCCH in case of CA, there will be little or no opportunity for a UE to receive DCI formats in a DL CC used to provide ICIC for the PDCCH transmission in another cell. Since the Rel-8 design already provides adequately low blocking probability, adding CIF to enable cross-carrier scheduling for “normal” operation will only result to an increase in the PDCCH overhead. A trivial example is shown in Figure 1 where for CC1 and CC2 a UE receives DCI formats either from PDCCH1 or from PDCCH2 while for CC3 no ICIC is needed and the Rel-8 operation applies. 

[image: image1]
Figure 1: PDCCH Reception in CC1 and CC2 are ICIC protected. PDCCH reception in CC3 is as in Rel-8.
A drawback of “Modified Option 1” is that it increases the number of CIF states that correspond to valid DCI formats thereby decreasing the verification possibilities a UE have to guard against false CRC passes. This can be seen in the example of Figure 2 where a UE receiving PDCCH2 needs to consider 3 CIF states as valid (as opposed to 2 CIF states in Figure 1). Using every verification possibility to guard against false CRC passes is important. 


[image: image2]
Figure 2: PDCCH2 provides DCI formats for 3 CCs. 

Overall, the positive/negative tradeoffs with the second option are marginal. It is also only applicable when the DCI formats have the same size and there is cross-carrier scheduling. In general, reduced blocking probability leads to increased false CRC pass probability but either is likely to be only marginally affected by the second option. Also, there is an impact on the eNB and UE complexity/architecture as both the eNB and the UE will be required to adjust their PDCCH processing (links between DL CC(s) with PDCCH and respective DL/UL CCs for PDSCH/PUSCH) depending on whether the DCI payload sizes are the same or not. 
Therefore, the cost/benefit analysis for “Modified Option 1” does not justify extending the specification/implementation in order to support it.
3 Conclusions

This contribution considered the extension of “Option 1” to include “Modified Option 1”. Based on the presented cost/benefit analysis, it suffices to only support “Option 1”.
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