
3GPP TSG RAN WG1 Meeting #70bis

R1-124101
San Diego, USA, 8th – 12th October 2012
Source:
CATT
Title:
Search space design for E-PDCCH
Agenda Item:
7.5.2
Document for:
Discussion and Decision
1. Introduction

In RAN1 #70 meeting, the E-PDCCH design aspects were discussed with following agreements [1]:
Agreements: 
· The specification supports the case that an eCCE is formed by N eREGs in distributed and localized
· N= 4 in following cases. (This corresponds to 4 eCCEs per PRB pair in localized transmission.)
· In normal subframe (normal CP) or special subframe configs 3,4,8 (normal CP) 

· N=8 in following cases. (This corresponds to 2 eCCEs per PRB pair in localized transmission)
· Special subframe configs 1,2,6,7,9 (normal CP)
· Normal subframe (extended CP) and special subframe configs 1,2,3,5,6 (extended CP)

· Aggregation levels supported for EPDCCH are:

· In normal subframes (normal CP) or special subframe configs 3,4,8 (normal CP), and the available REs in a PRB pair is less than Xthresh, 

· For localised: 2, 4, 8, working assumption 16 subject to feasible search space design

· For distributed: 2, 4, 8, 16, working assumption 32 subject to feasible search space design

· In all other cases:

· For localised: 1, 2, 4, working assumption 8 subject to feasible search space design

· For distributed: 1, 2, 4, 8, working assumption 16 subject to feasible search space design

· Working assumption that Xthresh = 104

· Total number of ePDCCH USS blind decodes per CC is 32 or 48 depending on configuration of UL MIMO

Agreements:

· In subframes where UE monitors ePDCCH USS on a given carrier

· it does not monitor PDCCH USS on the same carrier

· it can at least be configured to monitor either localised, or distributed ePDCCH candidates in a given subframe

· it also monitors CSS on PDCCH

· working assumption that the UE can be configured to monitor both localised and distributed ePDCCH candidates in a given subframe

· If “both” are configured, the total number of USS blind decodes on the carrier is not increased

· The subframes where UE monitors ePDCCH USS are defined by at least rules in the specs

· not special subframe configurations 0 and 5 for normal CP, 0 and 4 for extended CP

· working assumption that configuration by higher layer signalling can also be provided (details of the higher layer signalling are FFS)

· In subframes not configured for monitoring ePDCCH, UE monitors CSS and USS on PDCCH according to Rel-10 behaviour

Agreements:
· An ePDCCH set is defined as a group of N PRB pairs

· Working assumption: N = {1 for localised (FFS), 2, 4, 8, 16 for distributed (FFS), …} 

· A distributed ePDCCH is transmitted using the N PRB pairs in an ePDCCH set

· A localized ePDCCH shall be transmitted within an ePDCCH set

· FFS whether a localised ePDCCH can be transmitted across more than one PRB pair

· K ≥ 1 ePDCCH sets are configured in a UE specific manner

· Maximum number for K is selected later among 2, 3, 4, and 6

· The K sets do not have to all have the same value of N
· The total number of blind decoding attempts is independent from K

· The total blind decoding attempts for a UE should be split into configured K ePDCCH sets

· Each ePDCCH set is configured for either localized ePDCCH or distributed ePDCCH

· The K sets consist of KL sets for localized ePDCCH and KD sets for distributed ePDCCH (where KL or KD can be equal to 0), and not all combinations of KL and KD are necessarily supported for each possible value of K

· Details FFS

· PRB pairs of ePDCCH sets with different logical ePDCCH set indices can be fully overlapped, partially overlapped, or non-overlapping. 

· Note that excessive configurations should be avoided. 

· Note that the details of the second subbullet are dependent on the conclusions on eREG definition. 

· Note that it may be possible to forbid certain combinations of N and K

· Note that the used values of N and K may depend on the system bandwidth. 

In this contribution, we share our views on the blind decoding assignments in configured E-PDCCH sets and the search space design in each E-PDCCH set. 
2. E-PDCCH candidates assignment
In general, the number of E-PDCCH blind decoding attempts or E-PDCCH candidates in each E-PDCCH set can be either hard-coded by specification or configurable by higher layers. The following aspects shall be considered to assign E-PDCCH candidates in the E-PDCCH sets:

· Number of configured E-PDCCH sets: Current assumption is that at most 6 E-PDCCH sets can be configured for a UE. With different numbers of E-PDCCH sets configured, the number of E-PDCCH candidates in each E-PDCCH set shall be different, since it has been agreed that the total number of E-PDCCH blind decodings per serving cell is 32 (without UL MIMO) or 48 (with UL MIMO).
· Number of assigned PRB pairs in one E-PDCCH sets: Current agreement is that 2, 4, or 8 PRB pairs can exist in an E-PDCCH set, with 1 and 16 PRB pairs in an E-PDCCH FFS for localized and distributed E-PDCCH respectively. It shall be noted that different numbers of PRB pairs in an E-PDCCH set may impact the corresponding number of E-PDCCH candidates in the E-PDCCH set, since the number of available E-CCEs in the E-PDCCH set varies. For example, if an E-PDCCH set contains  2 PRB pairs and one E-CCE comprises 8 E-REGs, then there are 4 E-CCEs in the E-PDCCH set, which means there shall not be any E-PDCCH candidates with aggregation level more than 4 in this E-PDCCH set.

· Localized or distributed E-PDCCH: Current agreement is that each E-PDCCH set can be either configured as localized E-PDCCH or distributed E-PDCCH. The number of E-PDCCH candidates for a localized E-PDCCH set may be different from that of a distributed E-PDCCH set, depending on the use case. For example, one possible use case is to configure a distributed E-PDCCH set to monitor higher aggregation levels, and also configure a localized E-PDCCH set to monitor lower aggregation levels. Such use case would leverage the more accurate CSI feedback to enable beamforming for E-PDCCH at lower aggregation levels, while still providing the possibility to reliable E-PDCCH transmission when accurate CSI feedback is not available. 
With the above analysis, it is noted that sufficient flexibility for E-PDCCH operation shall be provided. While it is possible to split the E-PDCCH candidates among the multiple E-PDCCH sets with hard-coded specification, such a task is expected to extremely challenging as many of the likely E-PDCCH operations shall be explicitly considered by specification. Hence, it is highly preferable that the number of E-PDCCH candidates in each E-PDCCH set is configurable by higher layers, which allow flexible E-PDCCH operations while keeping the specification impact low. Hence we have the following proposal: 
Proposal 1: The number of E-PDCCH candidates for each aggregation level within an E-PDCCH set shall be configured by higher layer signaling.
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 according to the agreement that the total number of E-PDCCH blind decodings per serving cell is 32 (without UL MIMO) or 48 (with UL MIMO).   Hence we have the following proposal:

Proposal 2: A UE shall assume that the number of configured E-PDCCH candidates 
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It is further noted that the maximum possible value for 
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 is 16. Further discussion is needed on the possible value range of 
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. It is expected that a full range of 0 to 16 is not necessary for 
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. Table 1 provides one example where the value of 
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 can be 0, 2, 4, or 8, which can be conveyed by a 2-bit higher layer signaling. 
Table 1: Mapping table for 
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3. E-PDCCH search space design

3.1. Search space for localized E-PDCCH

Assume 
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 E-PDCCH candidates exist on a localized E-PDCCH set 
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 for aggregation level
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, the localized E-PDCCH search space design boils down to which E-CCEs in the E-PDCCH set shall constitute the 
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 E-PDCCH candidates. In this section, it is assumed that the logical E-CCEs are mapped to the E-PDCCH PRB pairs in ascending (or descending) PRB index, as shown in Figure 1. It shall be noted that the PRB pairs in Figure 1 may or may not be consecutive in frequency. 
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Figure 1: Logical E-CCE mapping to physical resource for localized E-PDCCH
For the design of localized E-PDCCH search space, the following principles are considered: 

· The localized E-PDCCH candidates shall be distributed evenly in the set of PRBs in the E-PDCCH set, in order to fully exploit the frequency selective diversity.
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 E-PDCCH candidates in the E-PDCCH set 
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Figure 2 shows an example, where 4 E-PDCCH candidates with aggregation level of 2 is distributed into four regions, i.e. 
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. With the assumed mapping from logical E-PDCCH to physical E-CCE resource in Figure 1, the 4 E-PDCCH candidates are evenly distributed in the set of PRBs in the E-PDCCH set. Figure 3 shows another example, where 4 E-PDCCH candidates with aggregation level of 2 is distributed into two regions, i.e. 
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. It is noted that 
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 as in Figure 2 is more proper if the 4 PRB pairs in the E-PDCCH set are not consecutive in frequency, and 
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as in Figure 3 is sufficient to achieve the frequency diversity if a pair of 2 consecutive PRB pairs exist in the E-PDCCH set.  
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Figure 2: Example of distributing 
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Figure 3: Example of distributing 
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· Some level of randomization on the starting E-CCE index of the E-PDCCH candidates shall be provided, in order to randomize the E-PDCCH blocking occurrences among different UEs configured in the same E-PDCCH set.
In Rel-8, such a randomization is provided by a hashing function of 
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regions in an E-PDCCH set. Further, to efficiently support MU-MIMO for E-PDCCH, it is preferable that the initialization of 
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 is configurable by higher layers, instead of being the UE’s RNTI as in Rel-8.
In summary, for localized E-PDCCH at aggregation level 
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where
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3.2. Search space for distributed E-PDCCH

The resource mapping for distributed E-CCE is proposed and described in [2]. One principle of the proposed mapping of distributed E-CCE to physical resources in [2] is that a distributed E-CCE shall comprise E-REGs spread in different PRB pairs in the E-PDCCH set as much as possible, to achieve the frequency diversity gain. Figure 4 shows an example of a distributed E-PDCCH set with 4 PRB pairs and 4 E-CCE per PRB pair. 
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Figure 4: Resource mapping for distributed E-CCE
Assuming the above resource mapping for distributed E-CCE, the search space for distributed E-PDCCH can largely reuse the Rel-8 PDCCH search space design. In other words, for distributed E-PDCCH at aggregation level 
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where, 
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4. Conclusions

In this contribution, we share our views on the E-PDCCH search space design. Particularly, we have the following proposals:
Proposal 1: The number of E-PDCCH candidates for each aggregation level within an E-PDCCH set shall be configured by higher layer signaling.
Proposal 2: A UE shall assume that the number of configured E-PDCCH candidates 
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Proposal 3: For localized E-PDCCH at aggregation level 
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Proposal 4: for distributed E-PDCCH at aggregation level 
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