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1. Introduction
The scope of ‘LTE Carrier Aggregation Enhancement Beyond 5 Carriers’ is to standardize mechanism of aggregating up to 32 carriers. For the DL control signaling, observations were made in the last RAN1 #80 meeting.
In this contribution, we discuss issues of the downlink control signaling enhancements for supporting up to 32 carriers aggregation. We try to discuss from perspective of more completed functionalities based on current observations.
2. Discussion
2.1. Supporting Cross-carrier scheduling in eCA
Regarding the cross-carrier scheduling, agreements made by last meeting:
· Keep the Rel. 10 CIF size of 3bits in the DCI (for a carrier-specific grant)
· Rel. 13 CA enabling to address 8 cells with the 3bit CIF

· FFS: Mapping of ServingCellID to CIF for a scheduling cell

· FFS: USS definition and relation to CIF
In Rel-10, the configuration of CIF is defined by IE of CrossCarrierSchedulingConfig. The scheduling is done by assigned directly the serving cell id.
CrossCarrierSchedulingConfig information elements
-- ASN1START

CrossCarrierSchedulingConfig-r10 ::=

SEQUENCE {


schedulingCellInfo



CHOICE {



own







SEQUENCE {




-- No cross carrier scheduling




cif-Presence





BOOLEAN


},


other







SEQUENCE {




-- Cross carrier scheduling




schedulingCellId-r10



ServCellIndex-r10,



pdsch-Start-r10





INTEGER (1..4)



}

},

...

}

-- ASN1STOP

For CA of large number of carrier, cell index should be expanded to at least 5 bits. Then the mapping between CIF and cell index have to be defined. There are 2 options to implement the mapping:
Option1: CIF values are generated based on the order of cell index.

Option2: Define a explicitly mapping between CIF and cell index by higher layer.

Both options can support the agreed cross-carrier scheduling mechanism. For option 1, no higher layer specification impact is required. It can be support in TS36.213. However, the CIF mapping is changed with adding and deleting cells. For option 2, the cross-carrier scheduling can be partially operational on those unchanged cells during reconfiguration. This can avoid ambiguity for the reconfiguration period. Considering the cell activation/deactivation scheme may be continuously supported, option 2 is more desirable. It may introduce higher layer specification.
Proposal 1: An explicitly mapping between CIF and cell index is defined by higher layer. CIF value carried in DCI is indicating the cells mapped to that CIF.
In Rel-10, it was agreed that the search space was extended for each scheduled carriers when cross-carrier scheduling is enable. For lower blocking probability and higher CCE utilization, the search space of one particular carrier is consecutively located behind the previous carrier. This scheme with aggregation level 1 is shown in Figure 1.  It is understand to be a simple solution under the requirement of Rel-10 carrier aggregation.
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Figure 1: Search space for aggregation level 1 in case of consecutive scheme(left) & offset scheme(right) 
If we allow 8 carriers be scheduled by one carrier, which is not intended by the Rel-10 CA, the searching spaces will be unevenly overlapped. Although this overlapping is not severe as supporting 32 carriers, the block probability will increase significantly for some of the search spaces if we reuse the simple round-wrapped scheme for placing the searching spaces. The impact to control channel performance should be considered. Number of CCEs in EPDCCH resource block is also in same magnitude as that for PDCCH and the overlapping problem should be taken into account as well.
Proposal2: Offset between different search spaces belong to different carriers is introduced.
2.2. PHICH mechanism in eCA
In last meeting is agreed that no enhancements to Rel. 10 CA PHICH resources and related mapping is introduced in Rel. 13 CA. However it is open for clarification of UE behavior in case of multiple PUSCH transmission pointing to the same PHICH resource for the UE.
For 8 carriers can be scheduled by 1 carrier simultaneously, probability of several PUSCH linked with same PHICH resource is increased. The ambiguity can be solved by retransmission from further DL grant. 

It can also be solved by that UE interpreting the PHICH ACK/NACK for each PUSCH transmission. It introduces slightly more specification change.  However, the unnecessary DL retransmission may not be reduced much, considering the bundling PHICH required retransmission of all related PUSCH, even in case only one of the PUSCH is not successfully decoded.
Proposal 3: No PHICH bundling is introduced for eCA. Scheduler should avoid the PHICH collision. For UE, if PHICH collision is detected, the UE heavier is undefined.

2.3. False-detection rate
False-detection will impact both UL/DL share data channels. UE try to received/transmit the data not intended by scheduler will cause unnecessary higher layer retransmission and results long delay. False-detection also introduces unnecessary PUCCH interference. Assuming the CRC length is unchanged, the false-detection is proportional to the number of blind detections. For eCA, the number of carrier will increase the blind detection significantly. Thus the false-detection has to be in same level as for 5 carriers to ensure eCA operations. Some candidate solutions needs o be considered, e.g. joint scheduling and longer CRC.

For the 16CRC the False-detection rate is 2^16 per carrier. Then, the total False-detection per UE is 32*2^16~=0.04%. The exact impact to the PUCCH may depend on the enhanced PUCCH structure, new PUCCH multiplexing capacity. Thus, the solution should be decided after agreement of new PUCCH.
Proposal 3: False-detection rate should be evaluated for the DL enhancement. Solution should be decided after agreement of new PUCCH.
2.4. Joint scheduling
Joint scheduling can reduce both false-detection and blind detection. The scheduling information for more than one carrier can be multiplexed into one new DCI format. But such solution will bring specification effort.  If the proper design is used, DL control resource can be better utilized and thus improve the blocking probability. For joint scheduling, the proper DCI design should be done. Especially for large number of carriers, bits compression can further improve the efficiency. 
RAN1 need to consider Joint Scheduling for better supporting large number of carriers. Specifically for joint scheduling, the false-detection, blind detection, blocking rate and overhead can be reduced incase multiple shared channel is scheduled. This will depend on the probability of simultaneous transmission of multiple shared channels. Thus primary/secondary PDCCH structure should be introduced together. Beside, field compression is needed to as complete solution 
Proposal 4: RAN1 need to consider a complete solution of Joint Scheduling for better supporting large number of carriers.

3. Conclusion

In this contribution, DL control signalling enhancement to support Carrier Aggregation to up to 32 carriers is analyzed. Issues for both self-scheduling and cross-carrier scheduling is examined and proposed with options to further enhance the DL control in supporting eCA:
Proposal 1: An explicitly mapping between CIF and cell index is defined by higher layer. CIF value carried in DCI is indicating the cells mapped to that CIF.

Proposal 2: Offset between different search spaces belong to different carriers is introduced.
Proposal 3: No PHICH bundling is introduced for eCA. Scheduler should avoid the PHICH collision. For UE, if PHICH collision is detected, the UE heavier is undefined.
Proposal 4: RAN1 need to consider a complete solution of Joint Scheduling for better supporting large number of carriers.
4. References

[1] R1-150135, Further CA enhancement to support PUCCH on SCell, ZTE
[2] R1-150136, LTE Carrier Aggregation up to 32 component carriers, ZTE
[3] R1-150137, PDCCH/EPDCCH enhancements for Carrier Aggregation, ZTE
[4] R1-150138, UCI enhancements for Carrier Aggregation, ZTE
[image: image3.png]


















1

_1337586181.vsd
CC0 (CIF 000)


CC1 (CIF 001)



_1493240074.vsd
CC0 (CIF 000)


CC1 (CIF 001)



