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1. Introduction

At the RAN1 #52 meeting, the mechanism for determining the PDCCHs that a UE is intended to monitor was agreed upon and this mechanism is undergoing verification so that the desired properties can be obtained using the defined function [1]. This contribution presents our views on the PDCCH allocation method based on the hashing function generation method for PDCCH blind decoding.
2. Current Agreed UE-Specific Search Space
The UE-specific search space is described in [1] as follows.
· Starting point of UE-specific search space to monitor given by “hashing function”

· Input to hashing function

· UE ID

· Aggregation level

· Number of CCEs in this subframe

· Subframe number

· Function defined by

· x=UE_ID*16 + subframe_number

· Start = (K*x+L) mod floor(#CCEs / aggregation_level)

· K, L are “big enough numbers”, different for different aggregation levels and given by the specification

Figure 1 shows an example of the UE-specific search space (the number of CCEs is assumed to be 16. In the figure, 1, 2, and 4 CCE aggregation is shown).
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Figure 1 – Example of UE-specific search space
As shown in Fig. 1, using the current working assumption for the hashing function, blocking of PDCCH with a different aggregation level frequently occurs due to the restricted search spaces for a UE. 
3. Scheduling and PDCCH Allocation
3.1. Modification of PDCCH Allocation Scheme from Current WA
We consider that the UE assignment in the scheduler should be decided solely by PDSCH assignment considering the channel quality indicator (CQI) of the target UE and quality of services (QoS) of the offered traffic. Hence, the influence of PDCCH blocking on the UE assignment in the scheduler described in Section 2 should be set as low as possible. Therefore, our views on the requirements for PDCCH allocation are as follows.

· UE allocation is performed using the PDSCH assignment, i.e., impact of PDCCH allocation is minimized.
· PDCCH blocking probability is reduced.
· Maximum number of multiplexed UEs should be as large as possible.
Based on the requirements, we consider the following scheme for PDCCH allocation.
· UEs are grouped for PDCCH allocations [2], [3] would be employed to reduce the PDCCH blocking probability.
· CCE is reallocated and power balancing (transmission power adjustment) is used.
3.2. Scheduling and PDCCH Allocation Procedure
Based on the views in Section 3.1, the following procedure for scheduling and PDCCH allocation is considered.
(1) The Node B scheduler performs PDSCH scheduling based on CQI of the target UE and QoS of offered traffic.
(2) The optimum CCE aggregation level of the respective scheduled UEs are selected based on wideband CQI reported from the UEs.
(3) The optimum CFI value is selected based on the required total number of CCE aggregation of the scheduled UEs.
(4) The UE-specific search space is calculated based on the CFI value in Step (3) and the UE-ID.
(5) PDCCH allocation is performed (Details are given in Section 3.3)
3.3. PDCCH Allocation Procedure
In this section, one example of the PDCCH allocation method in Step (5) is described. 
(5-1) The Node B assigns the PDCCH of the scheduled UE without collision with other scheduled UEs. In addition, the Node B also assigns the PDCCH of the scheduled UE requiring a higher aggregation level when PDCCHs of scheduled UEs collide with each other.
(5-2) The Node B checks the vacant space in the search space of the PDCCH of the remaining UEs by increasing the aggregation level. If a vacant space is found, the PDCCH of the UE is assigned. If not, similar to the procedure in (5-1), the UE that requires a higher aggregation level is given priority.
(5-3) The procedure in (5-2) is repeatedly performed until all of the PDCCHs are assigned or the CCE aggregation level of the remaining UEs becomes eight.
In this procedure, we can also simplify the hashing function definition such as in [2] and [3]. By combined usage of CCE reallocation and simplification of the hashing function, almost all of the PDCCHs can be assigned. 
Figure 2 shows the one example of the PDCCH allocation method assuming four UEs and the corresponding search space is defined in Fig. 1.
[image: image2.emf]0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

(5-1) Node B assigns the PDCCH (UE#1, 3, and 4)

UE#2 collides with other UEs with higher CCE aggregation level



not assigned

(5-2) Node B checks the search space of UE#2 with 2CCE aggregation level

(See Fig.1)



Node B assign UE#2 since aggregation level of UE#2 is larger than that of UE#4

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

(5-3) Node B checks the search space of UE#4 with 2CCE aggregation level

(See Fig.1)



Node B assign UE#4

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Search space of UE#2 with one CCE aggregation level

Search space of UE#4 with one CCE aggregation level

Search space of UE#4 with two CCE aggregation level


Figure 2 – PDCCH allocation method
4. Conclusion

This contribution presented our views on the PDCCH allocation method based on the hashing function generation method for PDCCH blind decoding. 
Our views on the requirements for PDCCH allocation are as follows.

· UE allocation is performed using the PDSCH assignment, i.e., impact of PDCCH allocation is minimized.
· PDCCH blocking probability is reduced.
· Maximum number of multiplexed UEs should be as large as possible.
Based on the requirements, we consider the following scheme for PDCCH allocation.
· UEs are grouped for PDCCH allocations would be employed to reduce the PDCCH blocking probability.

· CCE is reallocated and power balancing (transmission power adjustment) is used.
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