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1. Introduction

In the last RAN1#61bis meeting, the following items are agreed as the UE-specific search space (UESS) design for cross-carrier scheduling.
· Same hashing function (offset between search spaces for different CCs is not a function of the subframe number)

· CC-specific offset

· Offset is a function of (at least) CIF

· FFS until RAN1#62
· No additional RRC signaled parameters

· Additional refinements FFS

This contribution proposes an offset design for the locations of UE-specific SSs for cross-carrier scheduling and gives preliminary simulation results.
2. UE-Specific SS Design for Cross-Carrier Scheduling
In this contribution, all the SSs of CCs are assumed to be placed on CC#0. SS#n (n = 0, 1, .., N1) is defined as the SS for CC#n on CC#0, when cross-carrier scheduling is enabled.  The term [image: image2.png]L
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 denotes the corresponding CCEs of SS#n at aggregation L in the k-th subframe, and [image: image4.png]


denotes the starting position of SS#n at aggregation L in the k-th subframe.         
To be backward compatible, it is agreed that the location of SS#0 should be the same whether cross-carrier scheduling is enabled or not.  In Rel-8, the location of SS#0 is defined, while the location of other SSs remains an issue to be discussed. The corresponding CCEs of SS#0, [image: image6.png]L
S o



 for the k-th subframe at aggregation level [image: image8.png]LeE{1,2,4,8)



 is defined as follows.
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 is the number of PDCCH candidates to monitor in the given search space. 
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 is the slot number within a radio frame, 
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 is the total number of CCEs, and
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 is the C-RNTI.
As the agreement mentioned above, the locations of other SSs should use the same hashing function and be a function of CIF at least. As proposed in [1], equal-spacing assignment is one scheme conforming to the requirements above. In this contribution, another scheme conforming to the requirements above, called UE-specific assignment, is proposed to decide the location of SSs other than SS#0 as a function of CIF, aggregation level and C-RNTI. The two schemes are described in Sections 2.1 and 2.2.
2.1. Equal-Spacing Assignment
The main idea of equal-spacing assignment is to make the offset between every two consecutive SSs equal. The corresponding CCEs,[image: image27.png](&)
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, and the starting position,[image: image29.png]


 , of SS#n (n = 1, …, N-1) for the k-th subframe at aggregation level 
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Figure 1. Example of equal-spacing assignment
2.2. UE-Specific Assignment
The design goal of UE-specific assignment is to assign different offsets for different UEs while keeping the overlap regions between different SSs in one UE as low as possible. Hence the offset between SSs is UE-specific and a function of CIF and aggregation level as adding the terms X and SSn.
     The corresponding CCEs, [image: image34.png]L
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, and the starting position, [image: image36.png]


, of SS#n (n = 1, …, N-1) for the k-th subframe at aggregation level 
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Figure 2. Example of UE-specific assignment
3. Performance Evaluation
3.1. Overlapping ratio
In the SS design for cross-carrier aggregation, two SS overlapping scenarios are considered, namely, the overlapping region of different SSs in one UE and the overlapping region of SSs at same aggregation level for different UEs[1]. These two scenarios of overlapping can further indicate the degree of blocking probability.
     To compare our design with the equal-spacing assignment, we define two overlapping ratios in the following.
· Self-overlapping ratio
To describe the overlapping degree of the SSs for different CCs within one UE, the self-overlapping ratio Rself(L) at aggregation level L is defined as
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 is the number of subframes, [image: image47.png]


 is the number of UEs, [image: image49.png]


 is the number of search space in one UE, [image: image51.png]and n_, - (k, L, ngyr)



 is the number of overlapped CCEs.
     For example, if an UE has SS#0 and SS#1 with locations depicted in Figure 3, the number of overlapped CCEs is
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Figure 3. An example of calculating the self-overlapping ratio 
· Mutual-overlapping ratio
To describe the overlapping degree of the SSs between different UEs, the mutual-overlapping ratio Rmutual (L) at aggregation level L is defined as
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 is the number of subframes, [image: image62.png]


 is the number of UEs, [image: image64.png]


 is the number of search spaces in one UE, and [image: image66.png]Mpneuar (KoL)



 is the number of overlapped CCEs.
For example, given three UEs with two SSs at aggregation level 1, in Figure 4, we have
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Figure 4. An example of calculating the mutual-overlapping ratio 
3.2. Simulation Settings and Results
Simulation settings are shown in Table 1.
	Parameter
	Setting

	Number of UEs, [image: image72.png]



	2 (5, 10 in Appendix A.)

	Number of CCs, [image: image74.png]



	2 (3 in Appendix A.)

	Number of CCEs, [image: image76.png]Nccr




	32 to 80 for 2CCs
48 to 80 for 3CCs (in Appendix A.)

	Simulation time
	10000 subframes


Table 1. Simulation settings.
The purpose of the simulation is to observe the mutual-overlapping ratio and the variance of mutual-overlapped CCEs under different cases. A higher mutual-overlapping ratio implies a higher blocking probability when scheduling PDCCHs, and the variance of mutual-overlapped CCEs can further show the details about the SS overlapping behavior between different UEs. The simulation only considers the case that there are plenty of CCEs, that is, [image: image78.png]Nccr



 must be larger than the total CCE number for all SSs within one UE, [image: image80.png]N-L-M,;



. Thus, the self-overlapping ratio always equals 0. 
Figure 5 shows the mutual-overlapping ratio when [image: image82.png]
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. For each number of CCEs, there are five different sets of UEs used to run the simulation. As shown in the figure, the mutual-overlapping ratio for the equal-spacing assignment and that for the UE-specific assignment are similar. Both ratios decrease with the increase in [image: image86.png]Nccr
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(a) L= 1, 2                                                               (b) L= 4, 8
Figure 5. Mutual-overlapping ratio ([image: image90.png]
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Figure 6 shows the variance of mutual-overlapped CCEs when [image: image94.png]


,  [image: image96.png]


. For each number of CCEs, there are five different sets of UEs used to run the simulation. As shown in the figure, the variance of mutual-overlapped CCEs for the UE-specific assignment is lower than that for the equal-spacing assignment mostly, which implies there will be fewer extreme cases for UE-specific assignment. This is because when applying equal-spacing assignment, if there happens to be overlapped between SS#0 for UE#1 and the one for UE#2, there must happens to be overlapped between SS#1 for UE#1 and the one for UE#2. On the contrary, it appears no such overlapping dependence since the space between two adjacent SSs is a function of [image: image98.png]T—



 and SS index [image: image100.png]


 when applying UE-specific assignment.
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(a) L= 1, 2                                                               (b) L= 4, 8
Figure 6. Variance of mutual-overlapped CCEs ([image: image104.png]
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)
4. Conclusion
This contribution discussed further details regarding the start position of UE-specific SSs for cross-carrier scheduling. We proposed an UE-specific assignment scheme and compare it with equal-spacing assignment scheme through simulation. From the viewpoint of average of mutual-overlapping ratio, these two schemes have similar performance. However, considering the variances of the mutual-overlapped CCEs for two schemes, UE-specific assignment exhibits better performance compared to equal-spacing assignment. Therefore, UE-specific assignment scheme is better in terms of variance of mutual-overlapped CCEs. 
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Appendix: More Simulation Results
In appendix A, there are more simulation results with different number of UEs and CCs. For each combination of  [image: image108.png]


 and [image: image110.png]


, there are two figures for mutual-overlapping ratio and variance of mutual-overlapped CCEs, respectively. Furthermore, for each number of CCEs, there are five different sets of UEs used to run the simulation. 
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Figure 7. Mutual-overlapping ratio ([image: image114.png]
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Figure 8. Variance of mutual-overlapped CCEs ([image: image120.png]
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(a) L= 1, 2                                                               (b) L= 4, 8
Figure 9. Mutual-overlapping ratio ([image: image126.png]
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Figure 10. Variance of mutual-overlapped CCEs ([image: image132.png]
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Figure 11. Mutual-overlapping ratio ([image: image138.png]
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Figure 12. Variance of mutual-overlapped CCEs ([image: image144.png]
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(a) L= 1, 2                                                               (b) L= 4, 8
Figure 13. Mutual-overlapping ratio ([image: image150.png]10
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Figure 14. Variance of mutual-overlapped CCEs ([image: image156.png]10
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Figure 15. Mutual-overlapping ratio ([image: image162.png]10
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Figure 16. Variance of mutual-overlapped CCEs ([image: image168.png]10
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