3GPP TSG-RAN WG1 #70bis                                                                                                R1-124425
San Diego, USA, Oct 08 – 12, 2012

Source:
CMCC
Title:
Search Space Design for  Localized ePDCCH 
Agenda Item:
7.5.2
Document for:
Discussion and Decision
1. Introduction and Background
In RAN1#70, great progress has been achieved for enhanced PDCCH design. However, there are still some open issues that needed to be dealt with in the following two RAN1 meetings to fulfill Rel-11 timeline.
In this contribution, we discuss the remaining issues of ePDCCH design and share our views on some design aspects of localized ePDCCH search space. 
2. Search Space Desgin for ePDCCH
2.1. Aggregation Level 8/16 for Localized ePDCCH
When the channel state information is available at the eNB (via UE feedback and/or channel reciprocity), the localized transmission of ePDCCH will benefit from beamforming gain and frequency-selectively scheduling gain, which are not possible for legacy PDCCH. Thus localized transmission will play an important role in ePDCCH, especially for the low-mobility scenarios, e.g. Hotspots.  On the other hand, if reliable channel state information is not available at the eNB, distributed transmission of ePDCCH can provide better performance by exploiting frequency diversity gain.
As for the aggregation levels of localized ePDCCH, RAN1#70 got the following conclusions [1]:

In this section, link-level simulations are performed to show the performance of localized and distributed ePDCCH with different aggregation levels, which is shown in Figure 1. 
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Figure 1. Performance of ePDCCH and legacy PDCCH under EPA channels（2Tx*2Rx）
In Figure 1, the eCCE and legacy CCE have the same number of available REs.  Compared to legacy PDCCH, localized ePDCCH transmission with AL 4 has 1.5dB SNR loss at the BLER target of 1%, which will result in coverage reduction. However if the AL increases to 8eCCEs, the performance of localized ePDCCH will get much improvement and shows about 1.5dB gain compared to PDCCH with 8CCEs. 

Meanwhile, distributed ePDCCH with 8eCCEs still suffer 3.3dB performance loss compared to legacy PDCCH. Its performance is even poorer than localized ePDCCH with AL 4. 
More similar simulation results for different cases and detailed simulation assumptions can be found in [2]. From these results, we can have the following observations:
Observation 1：In some scenarios, localized ePDCCH with AL 4 and distributed ePDCCH with AL 8 perform worse than legacy PDCCH with AL8, thereby leading to an unbalanced coverage. (eCCE and CCE are assumed to have the same available REs)
Observation 2：In some scenarios, only localized ePDCCH with AL 8 can ensure same or better coverage compared to legacy PDCCH. (eCCE and CCE are assumed to have the same available REs)

Therefore, in order to ensure the localized ePDCCH has the same or better coverage than legacy PDCCH, we propose to confirm the two above-mentioned working assumptions:

Proposal 1: Confirm RAN1#70 working assumptions of aggregated levels supported for localized ePDCCH, i.e.,
· 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, 16
· In all other cases:

· For localised: 1, 2, 4, 8
2.2. Allocation of Blind Decoding Attempts

As for the monitoring behaviour of UE in different subframes, a conclusion was agreed in RAN1#70 [1]:


According to the above conclusion, the UE may have three different behaviors when it monitors ePDCCH USS. In this section, we discuss two of them, which are related to localized ePDCCH. Here we only consider single component carrier and don’t consider the UL MIMO operations. 

When designing the ePDCCH search space, we should reuse the principle of legacy PDCCH as much as possible.  Thus, we propose to reuse the candidate allocation of PDCCH for different ALs:

Proposal 2: For a UE only monitoring localized ePDCCH USS in a given subframe, the candidate allocation is as follows (for single component carrier without UL MIMO):

	ePDCCH

USS
	Aggregation Level
	Number of 

Candidates

	
	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
	In all other cases
	

	
	2
	1
	6

	
	4
	2
	6

	
	8
	4
	2

	
	16
	8
	2


As we know, the control channels with large aggregation level are targeted to the cell-edge UEs to ensure a good coverage. If a UE is configured to monitor both localized and distributed ePDDCH candidates, the feedback is relatively reliable. Otherwise, the network should configure UE to monitor legacy PDCCH USS or distributed ePDCCH USS. 
Meanwhile, as shown by the simulation results in Section 2.1 and [2], distributed ePDCCH with aggregation level 8 suffers from worse performance compared to legacy ePDCCH and localized ePDCCH. Thus, the necessary of distributed ePDCCH candidates with large aggregation levels is doubtable for a UE monitoring both localized and distributed ePDCCH simultaneously. As a result, we propose the following candidate allocation:

 Proposal 3: For a UE monitoring both localized and distributed ePDCCH simultaneously, ePDCCH USS candidate allocation is as follows (for single component carrier without UL MIMO): 

	ePDCCH

USS
	Aggregation Level
	Number of 

Localized ePDCCH Candidates
	Number of 

Distributed ePDCCH Candidates

	
	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
	In all other cases
	
	

	
	2
	1
	3
	3

	
	4
	2
	3
	3

	
	8
	4
	2
	0

	
	16
	8
	2
	0


2.3. ePDCCH set

In RAN1#70, there was a conclusion on the ePDCCH set as follows[1]:

The FFS part is related to the aggregation level design of localized ePDCCH. RAN1#70 has the following conclusion:

That is to say, at least AL 8 is supported for some cases. In these cases, a localized ePDDCH should be transmitted across more than one PRB pair.

Moreover, as we have shown in Section 2.1, AL 8(16) should be supported for localized ePDCCH to ensure that the ePDCCH can achieve comparable coverage as the legacy PDCCH. Thus we propose:
Proposal 4: A localized ePDCCH can be transmitted across more than on PRB pair
RAN1#70 discussed the number of ePDCCH sets and the number of PRBs per ePDCCH set and got the following conclusions [1]:

From the above agreements, we can see that there are many combinations of (N,K), some of which are not appropriate for a good ePDCCH design. For example, K=2 ePDCCH set each has only N=1 PRB pairs. In this configuration, localized ePDCCH cannot support a DCI transmission with aggregate level 8. To be consistent with the above proposals, we suggest a minimal combinations of (N,K) that should be supported for localized ePDCCH in Rel-11:

Proposal 5:   For a UE only monitoring localized ePDCCH USS or both localized and distributed ePDCCH simultaneously in a given subframe, Rel-11 systems at least should support the following configurations of ePDCCH set: 
	Different cases

	In 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)
	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
	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

	K=2, N=4
	K=2,N=4
	K=2, N=2


We are also open to other combinations of K and N.
3. Conclusion
In this contribution, we focus on the localized ePDCCH and discuss various aspects of the corresponding search space design. Based on simulation results and analysis, we have the following proposals for localized ePDCCH search space design:
Proposal 1: Confirm RAN1#70 working assumptions of aggregated levels supported for localized ePDCCH, i.e.,
· 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, 16
· In all other cases:

· For localised: 1, 2, 4, 8
Proposal 2: For a UE only monitoring localized ePDCCH USS in a given subframe, the candidate allocation is as follows (for single component carrier without UL MIMO):

	ePDCCH

USS
	Aggregation Level
	Number of 

Candidates

	
	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
	In all other cases
	

	
	2
	1
	6

	
	4
	2
	6

	
	8
	4
	2

	
	16
	8
	2


Proposal 3: For a UE monitoring both localized and distributed ePDCCH simultaneously, ePDCCH USS candidate allocation is as follows (for single component carrier without UL MIMO): 

	ePDCCH

USS
	Aggregation Level
	Number of 

Localized ePDCCH Candidates
	Number of 

Distributed ePDCCH Candidates

	
	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
	In all other cases
	
	

	
	2
	1
	3
	3

	
	4
	2
	3
	3

	
	8
	4
	2
	0

	
	16
	8
	2
	0


Proposal 4: A localized ePDCCH can be transmitted across more than on PRB pair

Proposal 5:   For a UE only monitoring localized ePDCCH USS or both localized and distributed ePDCCH simultaneously in a given subframe, Rel-11 systems at least should support the following configurations of ePDCCH set: 
	Different cases

	In 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)
	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
	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

	K=2, N=4
	K=2,N=4
	K=2, N=2


We are also open to other combinations of K and N.
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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


In all other cases:


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








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








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








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








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), …} 


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


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
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