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1
Introduction
At RAN1 #52, discussions were held to regarding the details on how the UE specific PDCCH blind decoding search space is defined.  A tentative agreement was reached where the UE search space was defined by a linear hash function.  In this contribution, we point out potential problems with the current method, specifically the insufficient decorrelation of search space among UEs, and propose an alternative solution.  Another motivation for the alternative method is simply to increase commonality with the already defined hopping pattern generation for other channels.         
2 Discussion

In general, the following properties would be desirable for the search space determination formula: 

· A) Search space collision for any pair of UEs should be randomized and decorrelated in time

· B) Collisions between the common search space and the UE specific search space for any UEs should be randomized and decorrelated in time. 

By collisions, we mean full or partial overlap of search space intervals.  
2.1
Potential Problems with the current linear hash
The current agreement is described as follows: 

· x = UE_ID*16 + subframe#

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

· K and L are aggregation level dependent constants given in the specification

Assume two UEs having IDs  UE_ID1 and UE_ID2.  Their search space start position for a given aggregation level can be written as:
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We can compute the difference in starting positions modulo n as
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Considering that there are n possible stating positions for a given aggregation level, the probability for a given pair of UEs to completely collide is 1/n, which is as expected.   (Additionally, there are partial overlap collision cases but we’ll ignore them here.)
The problem we can observe; however, is that there is no time decorrelation of the collisions, i.e. if two UEs collide in any subframe, then they will continually do so in all subframes.  
2.1
Proposed Gold sequence-based hash

We will attempt to resolve the problems mentioned above by using basically the same randomization formula used elsewhere in LTE for hopping or scrambling [1].  Obviously, this has the benefit of being a more unified framework. The details of the actual formulas could be refined in further discussions.  

2.1.1

UE-specific search space
The proposed formula for the start point 
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  of the UE-specific search space in subframe 
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where 
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The pseudo-random sequence 
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 is defined by section 7.2 (in [2]). The pseudo-random sequence generator shall be initialized with 
[image: image11.wmf]ë

û

cell

ID

N

n

n

c

+

×

+

×

=

9

s

14

RNTI

init

2

2

2

 at the beginning of each radio frame.

2.1.2

Common search space
The proposed formula for the start point 
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where 
[image: image15.wmf]PDCCH

CCE

N

 is the number of PDCCH CCEs in the current control channel format and  
[image: image16.wmf]Format

CCE

N

 is the CCE aggregation level, 
[image: image17.wmf]}

8

,

4

{

Î

Format

CCE

N

.
The pseudo-random sequence 
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 is defined by section 7.2 (in [2]). The pseudo-random sequence generator shall be initialized with 
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 at the beginning of each radio frame, where   
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Note that the addition of the 
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 ensures de-correlation in time of the common search space and the UE-specific search space for any UEs.  The same could be achieved with reserving 
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 and not assign it to any UE; however, the above solution is more flexible from the perspective of possible future common search space additions.  

3
Conclusions

A solution was proposed for UE-specific and common search space definitions. The proposal improves randomization of search space collisions and it retains much commonality with other existing LTE randomization procedures.    
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