3GPP TSG RAN WG1 Meeting #72

R1-130106
St Julian’s, Malta, 28th January – 1st February 2013
Agenda item:
7.2.3
Source: 
Fujitsu
Title:

Corrections to distributed EPDCCH search space equation 
Document for:
Discussion and decision

1 Introduction
This document discusses potential corrections to the current specification text in 36.213 relating to the search space equation for distributed EPDCCH transmission. Essential corrections and corrections based on general requirements for effective EPDCCH operation are considered, in particular for cross carrier scheduling and possible reception of multiple DCI formats.  
Corresponding corrections for distributed EPDCCH are considered in a companion document [1], and as a baseline we assume that the changes proposed there (or similar changes) are adopted.
2 Discussion
2.1 Current search space specification in 36.213

The approach adopted for the search space for localized EPDCCH is summarised in Figure 1 (with some editorial adjustments for clarity).

[image: image1] Figure 1: Current specification approach
2.2 Essential corrections

Here we consider corrections which are necessary to achieve a functioning specification. 
Following the considerations in for localized EPDCCH in [1], we propose that the definition of[image: image2.wmf])
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is modified to include reference to both DCI format and carrier index. In addition it is not clear why it is necessary or desirable to indicate the aggregation level as a superscript, so for more consistent notation this could be modified to become a subscript i.e. :- 
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Where 
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is an index to the DCI format, for example:

0 = DCI format 0/1A
1 = DCI format configured for a particular TM

2 = DCI format 4 (if configured)

Alternatively the definition of [image: image5.wmf])
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could be modified such that it represents the maximum number of candidates for EPDCCH across the carriers and DCI formats configured for the UE.
2.3 Requirements for efficient EPDCCH operation 

In this section we consider corrections which may not be essential from a functional viewpoint but which are highly desirable in order to achieve good performance. The requirements listed here also for localized EPDCCH. These are similar to those given in [1] for localized EPDCCH. However, not all the requirements in [1] are applicable. For example, no particular consideration of which PRBs are used is needed for distributed EPDCCH.
Desirable requirements for the localized EPDCCH search space equation include:-

(1) Candidates for different CCs are placed in different ECCEs (to minimize blocking)  

(2) Candidates corresponding to different DCI formats are placed in different ECCEs (to minimize blocking, particularly for simultaneous UL/DL scheduling)  

(3) When two EPDCCH sets of equal size are configured with overlapping PRBs, the candidates in the different sets do not collide (to minimize blocking)  
(4) Ideally, whenever there are sufficient locations in the allocated set of PRB pairs, there should be no collisions between any candidates. However, this may be difficult to avoid in all cases, at least without significantly complicating the design.
(5) Collisions between candidates with different aggregation levels should be avoided. This would allow a higher aggregation level to be used when a lower one is blocked.

The current formulation (summarised in Figure 1) meets requirement (1), but not the others
2.4 Proposals for efficient EPDCCH operation
The simplest approach is to use the same equation as for localized EPDCCH (assuming this meets all the requirements). If this is considered to be too complex or otherwise unsuitable, the equation in Figure 2 would separate the candidates for different DCI formats across the search space.

[image: image6]
Figure 2: Simplified proposal
In order to differentiate candidates for two EPDCCH sets which are configured to overlap, this can be achieved by adding an offset to the ECCE calculation, as shown in Figures 3, thus meeting requirement (3). The size of the offset are large enough to avoid collisions between the two sets (provided there are enough spare resources in both sets).  

[image: image7]Figure 3: Equation including set-specific offset

The changes in Figures 3 imply that Yk would now be independent of p. 
3 Conclusions

As an essential correction we propose the following:-
· The definition of[image: image8.wmf])
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is modified to include reference to both DCI format and carrier index, and with more consistent notation we would have:- 
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· Alternatively the definition of [image: image10.wmf])
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could be modified such that it represents the maximum number of candidates for EPDCCH across the carriers and DCI formats configured for the UE.
As performance improvements, if the same equation as for localized EPDCCH is not used, one or more of the following may be adopted:-
· Separation of blind decoding candidates for different carriers (see Figure 2)
· Separation of blind decoding candidates for different DCI formats (see Figure 2)

· Applying an offset to candidates in different EPDCCH sets (see Figures 3) 

We also note couple of points relevant for this, and any similar approach to spreading candidates for different carriers across the frequency domain: 
· There is currently no explicit higher parameter to indicate how many carriers are cross-carrier scheduled. However, this could be deduced from the cross-carrier scheduling configuration (see 36.331). 
· In order to make effcient use of the search space the values of 
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configured for the UE and to be used here should be sequential. We assume that this would be up to the eNB. 
4 References
[1] R1-130105, “Corrections to localized EPDCCH search space”, Fujitsu, RAN1#72
5 Text proposal
Under the assumption that the equation for localised EPDCCH is not re-used, the text proposal below captures the changes proposed in this document, as an example of how they might be implemented in the specification for distributed EPDCCH (highlighted in yellow).  Changes proposed for localized EPDCCH in [1] are assumed as a baseline.

----------------------------------------- Start of Text Proposal --------------------------------------

9.1.4  
EPDCCH assignment procedure

For each serving cell, higher layer signalling can configure a UE with one or two EPDCCH-PRB-sets for EPDCCH monitoring. The PRB-pairs corresponding to an EPDCCH-PRB-set are indicated by higher layers as described in section 9.1.4.4. Each EPDCCH-PRB-set consists of set of ECCEs numbered from 0 to 
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is the number of ECCEs in EPDCCH-PRB-set 
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 of subframe 
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. Each EPDCCH-PRB-set can be configured for either localized EPDCCH transmission or distributed EPDCCH transmission.
The UE shall monitor a set of EPDCCH candidates on one or more activated serving cells as configured by higher layer signalling for control information, where monitoring implies attempting to decode each of the EPDCCHs in the set according to the monitored DCI formats.

The set of EPDCCH candidates to monitor are defined in terms of EPDCCH UE-specific search spaces.

For each serving cell, the subframes in which the UE monitors EPDCCH UE-specific search spaces are configured by higher layers. 

The UE shall not monitor EPDCCH 

· For TDD and normal downlink CP, in special subframes for the special subframe configurations 0 and 5 shown in Table 4.2-1 of [3].

· For TDD and extended downlink CP, in special subframes for the special subframe configurations 0, 4 and 7 shown in Table 4.2-1 of [3].

· In subframes indicated by higher layers to decode PMCH

An EPDCCH UE-specific search space 
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 is defined by a set of EPDCCH candidates. 

For an EPDCCH-PRB-set 
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configured for distributed transmission, the ECCEs corresponding to EPDCCH candidate m of the search space 
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For an EPDCCH-PRB-set 
[image: image22.wmf]p

configured for localised transmission, the initial RB and ECCEs corresponding to EPDCCH candidate m of the search space 
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where


[image: image27.wmf]k

p

Y

,

is defined below, 
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 is the carrier indicator field value,
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is the number of serving cells which may be crosss-carrier scheduled via the serving cell on which EPDCCH is monitored (as determined by higher layers),
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is an index to one or more DCI formats, where
· 0 = DCI format 0/1A

· 1 = the DCI format corresponding to the configured transmission mode

· 2 = DCI format 4 (if configured)
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= 3, if the UE is configured to monitoring format 4, or 2 otherwise,
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 is the number of EPDCCH candidates to monitor at aggregation level 
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, DCI format indicated by 
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, carrier indicator field value
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, in EPDCCH-PRB-set 
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 is the number of ECCEs in a PRB pair.
Note that the carrier indicator field value is the same as ServCellIndex given in [11].

A UE is not expected to monitor an EPDCCH candidate, if an ECCE corresponding to that EPDCCH candidate is mapped to a PRB pair that overlaps in frequency with a transmission of either PBCH or primary or secondary synchronisation signals in the same subframe.

The variable 
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 is the slot number within a radio frame. The RNTI value used for 
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 is defined in section 7.1 in downlink and section 8 in uplink. The DCI formats that the UE shall monitor depend on the configured transmission mode per each serving cell as defined in Section 7.1.

The aggregation levels defining the search spaces and the number of monitored EPDCCH candidates is given as follows

· For a UE configured with only one EPDCCH-PRB-set for distributed transmission, the aggregation levels defining the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-1a, Table 9.1.4-1b.

· For a UE configured with only one EPDCCH-PRB-set for localised transmission, the aggregation levels defining the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-2a, Table 9.1.4-2b.

· For a UE configured with two EPDCCH-PRB-sets for distributed transmission, the aggregation levels defining the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-3a, 9.1.4-3b.

· For a UE configured with two EPDCCH-PRB-sets for localised transmission, the aggregation levels defining the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-4a, 9.4.4-4b.

· For a UE configured with one EPDCCH-PRB-set for distributed transmission, and one EPDCCH-PRB-set for localised transmission, the aggregation levels defining the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-5a, 9.1.4-5b.

For Tables 9.1.4-1a, 9.1.4-1b, 9.1.4-2a, 9.1.4-2b, 9.1.4-3a, 9.1.4-3b, 9.1.4-4a, 9.4.4-4b, 9.1.4-5a, 9.1.4-5b

· Case 1 applies 

· when DCI formats 2/2A/2B/2C/2D are monitored and 
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 for the serving cell indicated by 
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, or

· for normal subframes and normal downlink CP when DCI formats 1A/1B/1D/1/2/2A/2B/2C/2D/0/4 are monitored, and when 
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 defined in section 6.8A.1 on [3]), or 

· for special subframes with special subframe configuration 3, 4, 8 and normal downlink CP when DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4 are monitored;

· Case 2 applies 

· for normal subframes and extended downlink CP when DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4 are monitored or,
· for special subframes with special subframe configuration 1,2,6,7,9 and normal downlink CP when DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4 are monitored , or

· for special subframes with special subframe configuration 1,2,3,5,6 and extended downlink CP when DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4 are monitored;

· otherwise

· Case 3 is applied.
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 (defined in section 6.8A.1 in [3]) is the number of PRB-pairs constituting EPDCCH-PRB-set 
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Table 9.1.4-1a: EPDCCH candidates monitored by a UE 
(One Distributed EPDCCH-PRB-set - Case1, Case 2)
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 for Case 1
	Number of PDCCH candidates 
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	L=2
	L=4
	L=8
	L=16
	L=32
	L=1
	L=2
	L=4
	L=8
	L=16

	2
	[4]
	[2]
	[1]
	[0]
	[0]
	[4]
	[2]
	[1]
	[0]
	[0]

	4
	[8]
	[4]
	[2]
	[1]
	[0]
	[8]
	[4]
	[2]
	[1]
	[0]

	8
	[6]
	[4]
	[3]
	[2]
	[1]
	[6]
	[4]
	[3]
	[2]
	[1]


Table 9.1.4-1b: EPDCCH candidates monitored by a UE 
(One Distributed EPDCCH-PRB-set – Case 3)
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	L=1
	L=2
	L=4
	L=8
	L=16

	2
	[8]
	[4]
	[2]
	[1]
	[0]

	4
	[4]
	[5]
	[4]
	[2]
	[1]

	8
	[4]
	[4]
	[4]
	[2]
	[2]


Table 9.1.4-2a: EPDCCH candidates monitored by a UE 
(One Localised EPDCCH-PRB-set - Case1, Case 2)
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	Number of PDCCH candidates 
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	L=2
	L=4
	L=8
	L=16
	L=1
	L=2
	L=4
	L=8

	2
	[4]
	[2]
	[1]
	[0]
	[4]
	[2]
	[1]
	[0]

	4
	[8]
	[4]
	[2]
	[1]
	[8]
	[4]
	[2]
	[1]

	8
	[6]
	[6]
	[2]
	[2]
	[6]
	[6]
	[2]
	[2]


Table 9.1.4-2b: EPDCCH candidates monitored by a UE 
(One Localised EPDCCH-PRB-set – Case 3)
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	L=1
	L=2
	L=4
	L=8

	2
	[8]
	[4]
	[2]
	[1]

	4
	[6]
	[6]
	[2]
	[2]

	8
	[6]
	[6]
	[2]
	[2]
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Table 9.1.4-3a: EPDCCH candidates monitored by a UE 
(Two Distributed EPDCCH-PRB-sets - Case1, Case 2)
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 for Case 1
	Number of PDCCH candidates 
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 for Case 2

	
	
	L=2
	L=4
	L=8
	L=16
	L=32
	L=1
	L=2
	L=4
	L=8
	L=16

	2
	2
	[4,4]
	[2,2]
	[1,1]
	[0,0]
	[0,0]
	[4,4]
	[2,2]
	[1,1]
	[0,0]
	[0,0]

	4
	4
	[3,3]
	[3,3]
	[1,1]
	[1,1]
	[0,0]
	[3,3]
	[3,3]
	[1,1]
	[1,1]
	[0,0]

	8
	8
	[3,3]
	[2,2]
	[1,1]
	[1,1]
	[1,1]
	[3,3]
	[2,2]
	[1,1]
	[1,1]
	[1,1]

	4
	2
	[5,3]
	[3,2]
	[1,1]
	[1,0]
	[0,0]
	[5,3]
	[3,2]
	[1,1]
	[1,0]
	[0,0]

	8
	2
	[4,2]
	[4,2]
	[1,1]
	[1,0]
	[1,0]
	[4,2]
	[4,2]
	[1,1]
	[1,0]
	[1,0]

	8
	4
	[3,3]
	[2,2]
	[2,1]
	[1,1]
	[1,0]
	[3,3]
	[2,2]
	[2,1]
	[1,1]
	[1,0]


Table 9.1.4-3b: EPDCCH candidates monitored by a UE 
(Two Distributed EPDCCH-PRB-sets – Case 3)
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	L=1
	L=2
	L=4
	L=8
	L=16

	2
	2
	[2,2]
	[3,3]
	[2,2]
	[1,1]
	[0,0]

	4
	4
	[2,2]
	[2,2]
	[2,2]
	[1,1]
	[1,1]

	8
	8
	[2,2]
	[2,2]
	[2,2]
	[1,1]
	[1,1]

	4
	2
	[3,1]
	[3,2]
	[3,1]
	[1,1]
	[1,0]

	8
	2
	[3,1]
	[4,1]
	[3,1]
	[1,1]
	[1,0]

	8
	4
	[2,2]
	[2,2]
	[2,2]
	[1,1]
	[1,1]


Table 9.1.4-4a: EPDCCH candidates monitored by a UE 
(Two Localised EPDCCH-PRB-sets - Case1, Case 2)
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 for Case 2

	
	
	L=2
	L=4
	L=8
	L=16
	L=1
	L=2
	L=4
	L=8

	2
	2
	[4,4]
	[2,2]
	[1,1]
	[0,0]
	[4,4]
	[2,2]
	[1,1]
	[0,0]

	4
	4
	[3,3]
	[3,3]
	[1,1]
	[1,1]
	[3,3]
	[3,3]
	[1,1]
	[1,1]

	8
	8
	[3,3]
	[3,3]
	[1,1]
	[1,1]
	[3,3]
	[3,3]
	[1,1]
	[1,1]

	4
	2
	[4,3]
	[4,2]
	[1,1]
	[1,0]
	[4,3]
	[4,2]
	[1,1]
	[1,0]

	8
	2
	[5,2]
	[4,2]
	[1,1]
	[1,0]
	[5,2]
	[4,2]
	[1,1]
	[1,0]

	8
	4
	[3,3]
	[3,3]
	[1,1]
	[1,1]
	[3,3]
	[3,3]
	[1,1]
	[1,1]


Table 9.1.4-4b: EPDCCH candidates monitored by a UE 
(Two Localised EPDCCH-PRB-sets – Case 3)
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	L=2
	L=4
	L=8
	L=16

	2
	2
	[3,3]
	[3,3]
	[1,1]
	[1,1]

	4
	4
	[3,3]
	[3,3]
	[1,1]
	[1,1]

	8
	8
	[3,3]
	[3,3]
	[1,1]
	[1,1]

	4
	2
	[4,2]
	[4,2]
	[1,1]
	[1,1]

	8
	2
	[4,2]
	[4,2]
	[1,1]
	[1,1]

	8
	4
	[3,3]
	[3,3]
	[1,1]
	[1,1]


Table 9.1.4-5a: EPDCCH candidates monitored by a UE 
(One localised EPDCCH-PRB-set and one distributed EPDCCH-PRB-set, - Case1, Case 2; 
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for Case 2

	
	
	L=2
	L=4
	L=8
	L=16
	L=32
	L=1
	L=2
	L=4
	L=8
	L=16

	2
	2
	[4,4]
	[2,2]
	[1,1]
	[0,0]
	[0,0]
	[4,4]
	[2,2]
	[1,1]
	[0,0]
	[0,0]

	4
	4
	[4,2]
	[4,3]
	[0,2]
	[0,1]
	[0,0]
	[4,2]
	[4,3]
	[0,2]
	[0,1]
	[0,0]

	8
	8
	[4,1]
	[4,2]
	[0,2]
	[0,2]
	[0,1]
	[4,1]
	[4,2]
	[0,2]
	[0,2]
	[0,1]

	2
	4
	[4,3]
	[2,4]
	[0,2]
	[0,1]
	[0,0]
	[4,3]
	[2,4]
	[0,2]
	[0,1]
	[0,0]

	2
	8
	[4,1]
	[2,2]
	[0,4]
	[0,2]
	[0,1]
	[4,1]
	[2,2]
	[0,4]
	[0,2]
	[0,1]

	4
	2
	[5,2]
	[4,2]
	[1,1]
	[1,0]
	[0,0]
	[5,2]
	[4,2]
	[1,1]
	[1,0]
	[0,0]

	4
	8
	[4,1]
	[4,2]
	[0,2]
	[0,2]
	[0,1]
	[4,1]
	[4,2]
	[0,2]
	[0,2]
	[0,1]

	8
	2
	[5,1]
	[4,2]
	[2,1]
	[1,0]
	[0,0]
	[5,1]
	[4,2]
	[2,1]
	[1,0]
	[0,0]

	8
	4
	[6,1]
	[4,2]
	[0,2]
	[0,1]
	[0,0]
	[6,1]
	[4,2]
	[0,2]
	[0,1]
	[0,0]


Table 9.1.4-5b: EPDCCH candidates monitored by a UE 
(one distributed EPDCCH-PRB-set and one localised EPDCCH-PRB-set - Case1, Case 3); 
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is the identity of the localised EPDCCH-PRB-set, 
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	L=1
	L=2
	L=4
	L=8
	L=16

	2
	2
	[4,1]
	[4,2]
	[2,2]
	[0,1]
	[0,0]

	4
	4
	[4,1]
	[4,1]
	[2,2]
	[0,1]
	[0,1]

	8
	8
	[4,1]
	[4,1]
	[2,2]
	[0,1]
	[0,1]

	2
	4
	[4,1]
	[4,1]
	[2,2]
	[0,1]
	[0,1]

	2
	8
	[4,1]
	[4,1]
	[2,2]
	[0,1]
	[0,1]

	4
	2
	[4,1]
	[4,1]
	[2,2]
	[1,1]
	[0,0]

	4
	8
	[4,1]
	[4,1]
	[2,2]
	[0,1]
	[0,1]

	8
	2
	[4,1]
	[4,1]
	[4,1]
	[0,1]
	[0,0]

	8
	4
	[4,1]
	[4,1]
	[2,2]
	[0,1]
	[0,1]


If the UE is not configured with a carrier indicator field, then the UE shall monitor one EPDCCH UE-specific search space at each of the aggregation levels given by Tables 9.1.4-1a to 9.1.4-5b on each activated serving cell for which it is configured to monitor EPDCCH.  

If a UE is configured for EPDCCH monitoring, and if the UE is configured with a carrier indicator field, then the UE shall monitor one or more EPDCCH UE-specific search spaces at each of the aggregation levels given by Tables 9.1.4-1a to 9.1.4-5b on one or more activated serving cells as configured by higher layer signalling. 

A UE configured with the carrier indicator field associated with monitoring EPDCCH on serving cell c shall monitor EPDCCH configured with carrier indicator field and with CRC scrambled by C-RNTI in the EPDCCH UE specific search space of serving cell c.

A UE configured with the carrier indicator field associated with monitoring EPDCCH on the primary cell shall monitor EPDCCH configured with carrier indicator field and with CRC scrambled by SPS C-RNTI in the EPDCCH UE specific search space of the primary cell.

For the serving cell on which EPDCCH is monitored, if the UE is not configured with a carrier indicator field, it shall monitor the EPDCCH UE specific search space for EPDCCH without carrier indicator field, if the UE is configured with a carrier indicator field it shall monitor the EPDCCH UE specific search space for EPDCCH with carrier indicator field.

A UE is not expected to monitor the EPDCCH of a secondary cell if it is configured to monitor EPDCCH with carrier indicator field corresponding to that secondary cell in another serving cell.  For the serving cell on which EPDCCH is monitored, the UE shall monitor EPDCCH candidates at least for the same serving cell. 

--------------------------------------- End of Text Proposal -------------------------------

For an EPDCCH-PRB-set �configured for localised transmission, the ECCEs corresponding to EPDCCH candidate m of the search space � are given by 


� EMBED Equation.3  ���


Where


�is defined by � EMBED Equation.3 ���


�


� if the UE is configured with a carrier indicator field for the serving cell on which EPDCCH is monitored, otherwise � EMBED Equation.3 ���, 


� is the carrier indicator field value,


�,


� is the number of EPDCCH candidates to monitor at aggregation level � in EPDCCH-PRB-set �.














� EMBED Equation.3  ���


Where:-


� EMBED Equation.3  ���is the number of serving cells which may be crosss-carrier scheduled


� EMBED Equation.3  ���is an index to one or more DCI formats, where


0 = DCI format 0/1A


1 = the DCI format corresponding to the configured transmission mode


2 = DCI format 4 (if configured)














� EMBED Equation.3  ���


Where:-


� EMBED Equation.3  ���= 3, if the UE is configured to monitoring format 4, or 2 otherwise,
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