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1
Introduction
In this document, we discuss further details on PDCCH search space design with CIF based on previous RAN1 agreements  listed below. 

Agreements and Working assumptions from RAN1 #61

· For a given UE, search spaces located on a PDCCH CC are individually defined per aggregation level for each PDSCH/PUSCH CC linked to the PDCCH CC

· A UE’s search spaces on a PDCCH CC are shared in case of same DCI size


Agreement from RAN1#61bis:

· 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 signalled parameters

· Additional refinements FFS

2
Discussion
When a UE is configured to receive PDCCH with CIF on a particular CC associated with particular serving cell (cross-scheduling CC), new CCE candidate locations should be added for each aggregation level to accommodate additional PDCCHs that schedule resource assignments/grants for other linked CCs (cross-scheduled CCs). As agreed in RAN1#61bis, the starting CCE locations of UESSs corresponding to different cross-scheduled CCs can be determined by adding a CC specific offset.

As shown in Figure 1, UESS for same CC grants can be left unchanged from Rel8. Additional CCE candidate locations (i.e., additional UESSs) for cross scheduled CCs can be appended to Rel8 UESS for each of the aggregation levels 1,2,4,8.by extending the Rel8 search space definition as explained below.. 
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Figure 1 – Increasing Search Space beyond Rel8 
When a UE monitors the control region of a serving cell 
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, the CCEs corresponding to PDCCH candidate  m for serving cell 
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for aggregation level 
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, in subframe
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can be determined by the equation shown below
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The number of PDCCH candidates to monitor (
[image: image7.wmf])
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) is kept same as Rel8 (i.e., 6, 6, 2, 2) for all serving cells (Given decisions in RAN1 #61 on provisioning of blind decodes).
To maintain commonality with Rel8, it would be desirable to ensure that PDCCHs that schedule resource assignments/grants for the same serving cell are signaled in the Rel8 UESS (i.e.,
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Also, considering the RAN2 LS [1], it desirable for the search space design to take into account the possibility that CIF value is same as “cell identifier” mentioned in [1].

Given these considerations, offset parameter 
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 can be determined using the following approaches
Option 1: 
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where 
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 is the cell identifier/CIF value of the serving cell on which PDCCHs are received
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 is the cell identifier/CIF value of the serving cell for which PDSCH/PUSCH resource assignments/grants are signaled. 
Tables 1 and 2 show implementation examples of option 1 for 
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respectively. It is assumed that 
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(10MHz, n=3, 4Tx). Rel8 UESS starting locations for each of the examples is highlighted in green.
Table 1 – UESS starting locations using Option 1 – 
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(CIF/cell identifier of serving cell on which PDCCH is monitored)
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(CIF/cell identifier) 
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(offset parameter)
	UESS Starting CCE locations

	
	
	L=1
	L=2
	L=4
	L=8

	0
	0
	36
	2
	4
	8

	1
	1
	5
	14
	12
	24

	2
	2
	11
	26
	20
	8

	3
	3
	17
	2
	28
	24

	4
	4
	23
	14
	0
	8

	5
	5
	29
	26
	8
	24

	6
	6
	35
	2
	16
	8

	7
	7
	4
	14
	24
	24


Table 2 – UESS starting locations using Option 1 – 
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(CIF/cell index of serving cell on which PDCCH is monitored)
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(CIF/cell identifier) 
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(offset parameter)
	UESS Starting CCE locations

	
	
	L=1
	L=2
	L=4
	L=8

	0
	4
	23
	14
	0
	8

	1
	5
	29
	26
	8
	24

	2
	6
	35
	2
	16
	8

	3
	7
	4
	14
	24
	24

	4
	0
	36
	2
	4
	8

	5
	1
	5
	14
	12
	24

	6
	2
	11
	26
	20
	8

	7
	3
	17
	2
	28
	24


The advantages with option 1 are 
· UESS locations for all CIF values are fixed as long as the CIF/serving cell identifier value is fixed for a given UE. 
· PDCCHs that schedule grants/assignments for the same serving cell are in the Rel8 UESS (i.e, CIF configuration of the UE does not change the UESS for same CC PDCCHs).  

The disadvantage with Option 1 is UESS self blocking (i.e., overlap between PDCCH candidates of different serving cells for the same UE) is not reduced when the number activated serving cells is smaller than number of configured serving cells for a given UE. Considering the example shown in Table 1, if a UE is configured with 3 serving cells with serving cell index 0,1,2 and, if serving cells 0,1 are activated then there is no UESS overlap. However, if serving cells 0,2 are activated then there is an overlap in the UESS for L=8. Option 2 described below addresses this issue.   
  Option 2: 
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 is a function of CIF and number of activated serving cells in a given subframe.
One example of implementing Option 2 is j=0 for activated serving cell with smallest CIF/cell identifier, j=1 for activated  serving cell with next smallest CIF/cell identifier and so on …)  
Option 2 is advantageous from a self blocking perspective as the UESS starting locations are always extended contiguously for each aggregation level. The disadvantage with option 2 is PDCCH reception for multiple serving cells can be disrupted in some rare occasions where there is a mismatch between UE and eNB on the number of activated serving cells. 
Comparing both options, option 1 appears desirable from a simplicity and robustness perspective while option 2 reduces self blocking especially when the UE is configured with a large number (>2) of CCs. Considering that Rel10 deployments are more likely restricted to aggregation of 2CCs we believe option 1 should be sufficient for Rel10.
3
Conclusions
In this document we considered two different approaches for search space design with CIF. Based on the aspects discussed in the document we propose the following:

Proposal: When a UE monitors the control region of a serving cell 
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, the CCEs corresponding to PDCCH candidate  m for serving cell 
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for aggregation level 
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, in subframe
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can be determined by the equation shown below
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  where 
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