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1 Introduction

PRB indication methods for ePDCCH transmission were discussed in the last RAN1 meeting, and agreed the following conclusion: 

· Continue study/discussion on need for indicating dynamically to the UEs the PRB pairs the UEs should assume to be used for ePDCCH, and if needed, how to perform the indication (e.g. ePCFICH (how many bits needed?), DM-RS signature, …)

· Consider impact on PDSCH resource allocation, ePDCCH blocking probability, blind decodings, location of candidates comprising the search space, other factors that companies believe are relevant.

· Consider both localised and distributed ePDCCH transmission

Further intensive email discussion concluded that implicit DM-RS signature sequence method is not adopted for Rel-11. In this contribution, we first summarize the PRB indication issue and analyze existing solutions. We then express our view and propose our explicit and dynamic signaling solution to resolve the issues related to PRB indication.  

2 Discussion  
It is a previous agreement that ePDCCH is transmitted on a PRB basis and is not multiplexed with PDSCH within a PRB-pair. This requires some signalling mechanism to indicate UEs which PRB-pairs are reserved for ePDCCH so that UEs shall monitor for ePDCCH receptions on the reserved PRB-pairs. To improve resources utilizations, unused PRB-pairs reserved for ePDCCH shall be allowed for PDSCH transmission. This is significant issue for Type 0 PDSCH resources allocations, which is based on RBG level. UE will not be aware of unused PRB-pairs allocated for ePDCCH, which could have been used for PDSCH. This again requires some signalling mechanism. This is illustrated in Figure 1.
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Figure 1: Indication of ePDCCH PRB-pairs
On the other hand, the use of best PRB-pairs for ePDCCH transmission improves the ePDCCH performance significantly. Several contributions considered existing use of CSI reporting mechanism to improve the ePDCCH performance [2-4]. To see the performance benefits, we reproduce our results from [2] in Figure 2, where it compares ePDCCH BLER performance of static PRB allocation and dynamic PRB allocation in ETU 3 km/h channel with low and high correlation. The dynamic PRB allocation is based on PUSCH 3-1 feedback of best subband which has highest SINR value. From Figure 2 we can see that when UE speed is low, the dynamic PRB allocation outperform static PRB allocation by more than 3 dB @ BLER = 1e-2 due to the feedback of best subband from UE. To gain this performance benefits, the signalling mechanism for PRB indication should support dynamic allocations of resources for ePDCCH.
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Figure 2: E-PDCCH performance in ETU channel at 3km/h with localized transmission

Therefore, the requirements for signaling mechanism for PRB indication to UE shall:  

1.  Able to notify ePDCCH PRBs or ePDCCH PRB regions for UE to blindly detect its own ePDCCH

2.  Able to support selection of best resources (frequency selective scheduling) for ePDCCH transmission.

3.  Able to improve PDSCH resource management to enable reuse of reserved but non-used ePDCCH resource
2.2
Analysis of existing solutions for PRB indication to UE

The following two broad categories of signalling schemes were discussed in RAN1.

· Explicit signaling: The following options are considered:

· Option-1a: RRC signaling [5-6]
· Option-1b: Signaling through PDCCH [7-8]
· Option-1c: Signaling through ePCFICH [9-10] 

· Implicit signaling: The following options are considered:

· Option-2a: Using DM-RS signature sequence [11-12]
· Option-2b: Dynamic configuration with implicit signaling based on CSI reports [13]

Option-1a: RRC signaling

This is similar to R-PDCCH, where RRC signalling indicates the ePDCCH PRB resources.  It should be also noted that semi-static indication through RRC signalling is well suited for relay backhaul due to time-invariant nature of the radio link.
· Pros:

· Simple signalling mechanism, (minimal  impact on additional UE processing)
· Cons:

· Slow link adaptation
· Limitation on scheduling flexibility
· Signaling overhead due to UE specific RRC signaling, particularly not possible to do group scheduling.
Option-1b: Signaling through PDCCH

In this option, eNB can configure the exact PRBs used by ePDCCH on a subframe-by-subframe basis by specific DCI in PDCCH.

· Pros:

· Fast link adaptation and thus better for performance optimization.
· Better scheduling flexibility and thus better for performance optimization.
· Less signalling overhead by group scheduling.

· Cons:

· Small impact on legacy PDCCH capacity due to new DCI format in CSS
· ePDCCH performance also depends on the decoding performance of a new DCI format on PDCCH.
· UE implementation complexity from decoding a new DCI format
Option-1c: Signaling through ePCFICH

In this option, ePCFICH could be used to indicate the exact PRBs used by ePDCCH on a subframe-by-subframe basis. 

· Pros:

· Fast link adaptation and thus better for performance optimization.
· Better scheduling flexibility and thus better for performance optimization
· Small signalling overhead by cell specific signalling.

· Cons:

· Specification impacts due to new physical channel design.
· UE implementation complexity due to the detection of new physical channel.
· The complexity depends on where ePCFICH is placed in the time frequency grid and how UE detects it.

· Additional resources (PRB-pair(s)) are needed for ePCFICH transmission.

Option-2a: Using DM-RS signature sequence

In this option, new DM-RS sequences are designed to enable UE blindly detect PRB allocations for its own ePDCCH. 

· Pros:

· Less signalling overhead (signalling required for configuration of ePDCCH region)

· Cons:

· Significant specification impact due to new DM-RS signature sequence design.
· Significant UE processing complexity due to blind detection of new DMRS sequence to find location of ePDCCH PRB-pairs.
· Fragmented implementation of UE channel estimation for different releases. Two separate designs and implementation of UE channel estimation may be needed for Rel-11.

· Performance degradation due to misdetection and false detection.
· Performance might be sensitive low SNR region, interference conditions, and threshold settings
Limited link adaptation and scheduling flexibility due to configuration of ePDCCH region by some specific mechanism.
Option-2b: Dynamic configuration with implicit signaling based on CSI reports

This option relies on some specific parameters such as Cell ID, UE ID,  reported CQI (i.e. best top-n subbands), subframe number or a combination of these to derive implicitly the resources allocated for ePDCCH transmission. Both the UE and eNB can track the resources implicitly on subframe by subframe basis or based on CQI reporting periodicity.
· Pros:

· Frequency selective gain for low to medium UE mobility

· Small or no signalling overhead.

· Cons:

· eNB always has to transmit ePDCCH in the subband location indicated by the UE.

· This will result in limited scheduling flexibility.
· May result in frequent fall back operation.

· ePDCCH cannot operate independent of CSI reporting.

· This is significant limitation since eNB cannot use other means of CSI information (ex.: channel reciprocity in TDD).

· eNB always has to configure subband CSI reporting mode (e.g. PUSCH 3-1) in order to obtain best n-subband information. And hence restriction on CSI reporting configuration.

· May not provide frequency selective gain for high mobility users due to CSI reporting delay and periodicity.

· Does not improve the resources utilizations and limitations with type 0 resources allocations for PDSCH.
The comparisons of existing solutions are summarized below. 

	#
	Allocation Scheme
	UE implementation complexity1
	Performance benefits2
	Improvements on resources utilizations3
	eNB implementation restrictions4
	Standardization impacts

	1
	Option-1a: 

RRC signaling
	Low
	Low
	Medium
	Medium
	Medium (impact to RRC signaling in RAN2)



	2
	Option-1b: Signaling through PDCCH
	Medium 
	High
	High
	Low
	Medium

(due to new DCI design)

	3
	Option-1c: 

Signaling through ePCFICH
	High
	High
	High
	Low
	High 

(due to new physical channel design)

	4
	Option-2a: 

Using DM-RS signature sequence
	High
	Low
	High
	Medium
	High 

(due to new DM-RS sequence design)

	5
	Option-2b: 

Dynamic configuration with implicit signaling based on CSI reports
	Low
	High
	Low
	High
	Low

	1.  Due to additional processing requirements (ex.: signature sequence detection).

2.  Due to frequency selective scheduling gain and/or fast link adaptation.

3.  Support PDSCH transmission on unused PRBs reserved for ePDCCH.  

4.  Due to restrictions on scheduling flexibility and/or other implementation restrictions.  




Considering requirements of PRB indication scheme and the pros and cons of different PRB indication schemes, it is evident that explicit signaling with dynamic indication is more suitable for ePDCCH transmission based on ePDCCH performance point of view. Although this explicit dynamic signaling information could be transmitted either on legacy PDCCH or on ePCFICH, it is preferable to use legacy PDCCH. Moreover, the proposed signaling mechanism should support flexible configurations with reduced signaling overhead. 

Proposal 1: We proposed to consider explicit dynamic signalling through legacy PDCCH for PRB indication to UE for both localized and distributed ePDCCH transmission. 

· This improves both ePDCCH performance and resources utilizations. 
2.3
Signalling design for PRB indication to UE

To support localized and distributed ePDCCH transmission, we define two types of ePDCCH resources allocations:

· Type A: For localised transmission

· Defined in terms of number of PRB-pairs allocated

· Type B: For distributed transmission
· Defined in terms of number of PRB-pairs allocated and the spacing between them. Assumed uniform spacing between allocated PRB-pairs 
The number of configured ePDCCH resources sets/clusters could be cell specific, and it could be dependent on system bandwidth and deployment scenarios. In the following description, we assume one set for localized transmission and one set for distributed transmission to outline the signaling mechanism. However, this could be extended to any number of sets. 
The locations of ePDCCH PRBS are determined by two parameters X and Y, as shown in Figure 3 below for Type A and Type B allocations.
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Figure 3: Example explicit signalling for resources allocations
· X1/X2 is an offset that could provide frequency domain ICIC among neighbor cells for ePDCCH. 

1. X1 is defined either based on Cell_ID and/or sub-frame index or determined based on some signaling parameter (Xoffset). 
2. X2 is defined based on Cell_ID and/or sub-frame index.
3. X1 and X2 could be same for Type A and Type B allocations if Type A and Type B are transmitted in the same PRB-pairs and both are defined based on Cell_ID and/or sub-frame index. 
4. X1 and X2 could be defined in number of RBGs or PRBs. 
· Y1 determines the exact location of first PRB-pair used for ePDCCH together with X1.   

1. Y1 is defined either based on Cell_ID and/or sub-frame index or determined based on some signaling parameter (Yoffset). 

2. Y1 could be defined in number of RBGs or PRBs. 
3. Only 1 PRB-pair is defined within a RBG for Type B. The location of this PRB-pair within this RBG could be defined based on one of the following ways.

· Always lowest PRB index

· Depends on Cell_ID and/or sub-frame index. This could provide ICIC among neighbor cells.  

· It is assumed that spacing between ePDCCH PRB-pairs with Type B allocation is same. This space can be implicitly defined in the specifications based on system bandwidth, and  number of allocated PRB-pairs for ePDCCH distributed transmission
A generalized signaling structure could be defined as shown below.  
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Figure 4: Example signalling message

It should be noted that set # could be either “Type A” or “Type B”. 

· Set # Type bit: 

One bit indicates whether the set is Type A or Type B. 

· Set # indication bits: 

Indicates the locations of PRBs allocated for localised or distributed transmission. The allocation could change dynamically from sub-frame to sub-frame. It consists following number of bits, which could be dependent on system bandwidth:

·  Type A: 
·  2-4 bits: To determine X1 or Y1
·  2-3 bits: Number of PRB-pairs 

· Type B:

· 2-3 bits: Number of PRB-pairs 

The following Figure illustrates how this signaling mechanism provides ICIC for localized ePDCCH transmission for HetNet deployment scenarios with macro cell configured with ABS sub-frame.  
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Figure 5: ICIC for control channels in HetNet deployment scenarios. 

Basically, this signalling mechanism enables eNB to dynamically indicate the needed/allocated resources for transmitting both localised and distributed ePDCCH from sub-frame to sub-frame. UE simply assume that if it is indicated for ePDCCH, it is not available for PDSCH transmission. This minimizes reserved ePDCCH resources. Further, PDSCH transmission could take place in the unused PRB-pairs in the RBG sets, where some PRB-pairs are used for ePDCCH distributed transmission. This improves resources utilization. 

For one set for localised transmission and one set for distributed transmission, the dynamic signalling contents would be simplified as shown below, 
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Figure 6: Simplified signalling message

To reduce the signalling overhead, pre-defined configuration table could also be considered. Table 1 shows an example of configuration table for PRB indication to UE, using 5 bits (i.e. 24 configurations are defined and remaining 8 are reserved). 
Table 1: Example Configuration Table for PRB indication to UE using 5 bits  
	Config #
	Localized transmission: 

Type A
	Distributed  transmission: Type B
	Note

	
	 Xoffset  or Yoffset
	Number of PRBs
	Number of PRBs
	

	0
	--
	--
	2
	Distributed transmission only

	1
	--
	--
	4
	

	2
	--
	--
	6
	

	3
	--
	--
	8
	

	4
	0
	1
	2
	Both localised and distributed transmission

	5
	0
	2
	4
	

	6
	0
	3
	6
	

	7
	0
	4
	8
	

	8
	1
	1
	2
	

	9
	1
	2
	4
	

	10
	1
	3
	6
	

	11
	1
	4
	8
	

	12
	2
	1
	2
	

	13
	2
	2
	4
	

	14
	2
	3
	6
	

	15
	2
	4
	8
	

	16
	3
	1
	2
	

	17
	3
	2
	4
	

	18
	3
	3
	6
	

	19
	3
	4
	8
	

	20
	4
	1
	2
	

	21
	4
	2
	4
	

	22
	4
	3
	6
	

	23
	4
	4
	8
	

	24-31
	Reserved


It should be noted that limited number of bits to determine X or Y will restrict the selection of best sub-band for localised ePDCCH transmission. 
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Figure 7: E-PDCCH performance in ETU channel at 3km/h with PRB indication signaling for localized transmission 
Figure 2 shows the ePDCCH BLER performance with restricted sub-band for localised ePDCCH transmission with signalling Option-1 and Option-2, where: 
· Option-1: X is explicitly signalled and Y is determined implicitly

· Option-2: Y is explicitly signalled and X is determined implicitly
The simulation assumptions are described in the Annex. Limited signalling for PRB indication for localised ePDCCH transmission stills outperforms the static PRB allocations, although its performance degrades compared to complete dynamic allocation. 

It should be noted that one of the dynamic configuration defined in Table 1 could be used for resources allocations for common search space with ePDCCH if it is supported in later release. One of the following methods could be considered to determine the configuration by the UE

1. Specified in the specifications based on cell ID and/or sub-frame index
2. Signaled on “MIB. 

Proposal 2: We suggest considering 4 to 8 bits to dynamically indicating PRB-pairs used for ePDCCH transmission. The number of bits could depend on system bandwidth. At most 1 set of PRB-pairs for localised transmission and 1 set of PRB-pairs for distributed transmission could be considered. The bits shall indicate:

· Offset that linked with the start of PRB-pairs and the number of PRB-pairs used for localised transmission.

· Number of PRB-pairs used for distributed transmission.

Other required parameters could be specified based on cell ID and/or sub-frame number and the number of PRBs defined for the system bandwidth. 
3 Conclusion

We presented our views on PRB indication to UE for ePDCCH transmission, and we propose the following: 
Proposal 1: We proposed to consider explicit dynamic signalling through legacy PDCCH for PRB indication to UE for both localized and distributed ePDCCH transmission. 

· This improves both ePDCCH performance and resources utilizations. 
Proposal 2: We suggest considering 4 to 8 bits to dynamically indicating PRB-pairs used for ePDCCH transmission. The number of bits could depend on system bandwidth. At most 1 set of PRB-pairs for localised transmission and 1 set of PRB-pairs for distributed transmission could be considered. The bits shall indicate:

· Offset that linked with the start of PRB-pairs and the number of PRB-pairs used for localised transmission.

· Number of PRB-pairs used for distributed transmission.

Other required parameters could be specified based on cell ID and/or sub-frame number and the number of PRBs defined for the system bandwidth. 
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5 Annex
Table 2: Simulation Assumptions 

	Parameter
	Value

	System bandwidth 
	10MHz 

	Antenna Configuration
	eNB: 2Tx 
UE: 2Rx



	Number of antenna ports
	2 CRS ports 2 DM-RS ports 

2 CSI-RS ports



	DCI format
	2C



	CCE aggregation level
	 4 

	CFI
	2 

	Transmission scheme for E-PDCCH
	Beam forming


	PRB allocations for E-PDCCH 
	Localized PRB allocations
 

	Number of PRB-pairs
	3

	ePDCCH PRB-pair indication
	Option-1: Selected among the sub-bands {1, 3, 5, 7}

Option-2: Selected among the sub-bands {2, 3, 4, 5} 

	Carrier frequency
	2.690 GHz

	Channel Model
	ETU (high  and low correlation)



	UE speed
	3 km/h and 120km/h 


	DCI blind decoding
	None

	Receiver Type
	MRC

	Channel Estimation
	Non-ideal (based on DM-RS)

	CSI feedback
	· Mode PUSCH 3-1, Based on CSI-RS

· CSI feedback delay: 6ms 

· UE feeds back assuming rank 1 (SU)

· Error free feedback with Rel-10 codebooks
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