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1 Introduction

In the RAN1#82 meeting, the following agreements and conclusions were reached on DL control signaling for CA with configuration of up to 32 serving cells [1]. In this contribution, further analysis on the remaining issues for DL control enhancements is provided. 
Agreements:
· No support of joint grants in Rel.13 eCA
· This does not prevent further discussions and specification of other DL control enhancements solving issues like false alarm, number of blind decodes etc.
Conclusions:

· Treat necessary changes to DL control (specifically DCI content & size) due to UL control enhancements as part of the UL control enhancement investigations 
· Following DL control enhancements have been potentially identified in Rel. 13 eCA

· Topic 1: Increase in the number of blind decodes for a large number of CCs
· Topic 2: Effect of false positive detection of DL grants 
· Following other enhancement have been potentially identified in Rel. 13 eCA

· Topic 3: UE soft-buffer management for the increased number of aggregated carriers
· Following CA enhancement have been identified with lower priority in Rel. 13 eCA

· Topic 4: Increase in the number of carriers for EPDCCH monitoring

2 Remaining issues for DL control enhancements
2.1 Number of (E)PDCCH blind decodes
For CA, separate scheduling for different serving cells is used, and the number of (E)PDCCH blind decodes increases almost linearly with the number of activated cells, which is deemed as reasonable since a UE has the capability for decoding PDSCHs on multiple activated cells. However, increasing number of (E)PDCCH decodes can have negative impact for false positive (E)PDCCH detection. A joint (E)PDCCH, which is used to schedule multiple cells and also can be used to reduce the number of (E)PDCCH decodes, was precluded in Rel-10 and also was agreed not to be supported in last meeting. The proposed solution in [2] can be used to reduce the number of (E)PDCCH decodes. Even if the number of (E)PDCCH decodes is not reduced, some implementation solutions can be used to mitigate the impact by the false positive detection, which is discussed in section 2.2. 
2.2 False positive detection of DL assignments
False positive detection means that a CRC check passes but in fact the DCI does not belong to the UE. Generally, the rate of false positive detection would linearly increase with the number of activated serving cells. Assuming that a bit error probability of 50%, then the false positive detection probability for a single UE, and single cell, and single blind decode is
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, where k is the CRC length. If a UE performs M blind decodes per cell for C serving cells, the probability should be: 
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The impact by false positive detection of DL assignments is more serious than UL grants since a DL assignment false positive detection might lead to PUCCH resource collision due to undesired HARQ-ACK transmission. Even if the false detection rate per cell were the same as Rel-10, which could be acceptable from the perspective of PDSCH HARQ buffer corruption, the increased rate of the PUCCH resource collision should be studied. Assuming PCell PUCCH carries HARQ-ACK corresponding to all DL serving cells, the PUCCH resource collision rate 
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 depends on the number of UEs with activated cells, false positive detection rate. The probability of PUCCH resource collision between the intended and unintended UEs is
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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 a subframe, 
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 is the total number of CA PUCCH resources 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. 
As analyzed in [3], there are two solutions to mitigate the PUCCH collisions by eNB implementation for Rel.13 CA, which could be used to reduce the rate of PUCCH resource collision. 
Solution 1: The number of PCell 
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 for PUCCH transmission in Rel-13 could be larger than that in Rel-10, so that different PCells can be configured for different UEs. This could be reasonable for massive CA scenarios where there could be many licensed carriers either on Macro cells or on small cells. 
Solution 2: The number of CA PUCCH resources 
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 can be increased to reduce the PUCCH resource collision rate. In Rel-10, a resource pool of PUCCH format 3 (PF3) resources could be configured to multiple CA UEs for statistical multiplexing, and the UE-specific ACK/NACK resource indicator (ARI) is used to dynamically indicate the PF3 resource to avoid the PF3 resource collision among different UEs. However, in Rel-13 CA, a UE that is configured with a large number of serving cells could use probably a new PUCCH format based on PUSCH structure. The resource pool of the PUSCH-based new PUCCH formats is different from that of Rel-10 PUCCH format 3. Considering that massive CA configuration is mostly used for small cell scenarios, where not many UEs are configured with a large number of cells, the eNB can configure that not many UEs share common PUCCH resources. In addition, considering that the PUSCH-based PUCCH format can be fallback to PF3 to save UL overhead when a UE configured with a large number of cells but only scheduled with a small number of cells, a UE may be configured a resource pool with more PUCCH resource than that in Rel-10. For example, a UE could be configured with 4 PUSCH-based PUCCH resources and 4 PF3 resources, and then PUCCH resource collision by the false positive detection could be further reduced. 
Proposal 1:  PUCCH collision probability due to DL assignment false detection can be reduced by eNB implementation. 
2.3 UE soft-buffer management

As defined in [4], upon decoding failure of a code block of a transport block, a UE shall store received soft channel bits corresponding to a range of at least 
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 for each serving cell, where: 
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Based on the above formula, equal partitioning of total UE buffer for different serving cells is assumed. For UE implementation, overbooking may be used to store more soft bits than the specified ones, which can improve the performance considering that all of transport blocks are received incorrectly with very low probability. 
In addition, in [5],it was proposed to introduce cell priority to save UE buffer size, e.g., licensed cells have higher priority to be stored than unlicensed cells, considering that LBT rule can guarantee more accurate link adaptation on unlicensed cells than licensed cells. However, contention collision may still occur even when LBT is applied, and also hidden node may exist to increase the interferences. Furthermore, more aggressive CCA thresholds may be used to increase the transmission probability even under some interference. 
It was also stated in [5] that due to contention based access, the target BLER for initial transmission on unlicensed carriers would be significantly reduced by the eNB to minimize packet delays. However, it is still not always the case, and it is only one implementation strategy for the eNB. At least in the case of high load on unlicensed cells, there is no need to do so, and there might be no difference for making the strategy of link adaptation between the unlicensed and licensed cells. Therefore, for CA with up to 32 serving cells, we don’t find any reason to modify the formula and also could keep the per-cell performance similarly.
Proposal 2:  The UE soft buffer management should follow the same rule as that in Rel-12. 

2.4 Number of carriers for EPDCCH monitoring
For the issue listed in [6] that EPDCCH decoding puts a higher requirements on UE processing time, which might impact the HARQ-ACK fallback in time, one implementation is not configuring too many EPDCCH monitoring cells for a UE. On the other hand, a UE supporting CA with up to 32 cells should anyway enhance its baseband processing capability for the DCI blind decoding and PDSCH decoding. Therefore, EPDCCH monitoring on many cells may not a big issue. 
Proposal 3: No specification impact is needed for EPDCCH monitoring in Rel-13. 
3 Conclusions

In this contribution, further analysis on the remaining issues for DL control enhancements is provided.  According to the above discussion, we have the following proposals: 
Proposal 1:  PUCCH collision probability due to DL assignment false detection can be reduced by eNB implementation. 

Proposal 2:  The UE soft buffer management should follow the same rule as that in Rel-12. 

Proposal 3: No specification impact is needed for EPDCCH monitoring in Rel-13. 
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