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1. Introduction

In RAN1#66bis, the following working assumptions were agreed on enhanced PDCCH (or EPDCCH) for LTE Rel-11 [1]:

· Introduce an enhanced physical downlink control channel that is:

· able to support increased control channel capacity

· able to support frequency-domain ICIC, 

· able to achieve improved spatial reuse of control channel resource 

· able to support beamforming and/or diversity

· able to operate on the new carrier type and in MBSFN subframes

· able to coexist on the same carrier as legacy UEs

· Desirable characteristics include ability to be scheduled frequency-selectively, and ability to mitigate inter-cell interference.

· Next step: evaluate solutions to meet these goals. 

In this contribution, we discuss some possible transmission modes and the corresponding requirements for reference signals for EPDCCH.
2. Reference Signals for EPDCCH
The requirements for EPDCCH demodulation reference signals are largely driven by the potential EPDCCH transmission modes and the way different EPDCCHs are multiplexed.
As stated in the working assumption, beamforming and/or transmit diversity should be supported for EPDCCH.  For beamforming (either closed-loop beamforming (CL-BF) or random beamforming (RBF)), the Rel-10 UE specific reference signals (DMRS) for PDSCH can be used.  A fixed DMRS port could be used for all UEs assuming rank 1 transmission.  
However,  in order to support spatial reuse of EPDCCH resources in scenarios such as CoMP Scenario 4, it would be desirable to have DMRS ports assigned on a per-UE basis.  By assigning different DMRS ports to different UEs, spatial reuse of EPDCCH resources up to four times within a cell is possible with current DMRS design in Rel-10. For example, DMRS ports 7 and 8 can be used for the purpose together with the two available scrambling IDs. 
One issue might be how to signal the DMRS port and scrambling ID assignment to a UE. In Rel-10 PDSCH, they are indicated dynamically in DCI.  This is certainly not possible for EPDCCH.  Semi-static configuration with higher layer signalling may be the only way in case of EPDCCH. This may not be an issue as long as spatial reuse of EPDCCH resources is limited to UEs covered by spatially well-separated TPs.  
When transmit diversity (TxD) is supported for increased diversity to support high mobility UEs, CRS could be used similar to the R-PDCCH case. However, CRS is not transmitted in MBSFN subframes. Furthermore, CRS cannot be used for per-TP transmission in CoMP Scenario 4. For these reasons, CRS cannot be used at least in those cases.  
Alternatively, multiple DMRS ports, one for each antenna, can be used to support TxD with or without cross interleaving. In this case, each DMRS port functions like a legacy CRS port and no precoding would be performed on the DMRS ports. Without precoding, the DMRS ports can be shared by all the UEs in a cell.  Thus EPDCCH resource allocation with cross-interleaving, such as the CCE based approach in R-PDCCH, can be supported.  Some small change is, however, required in resource mapping due to the presence of DMRS REs. 

An example of possible TxD resource mapping with DMRS ports within a PRB pair is shown in Figure 1, where SFBC is used in OFDM symbols not containing DMRS REs, and STBC is used in the OFDM symbols containing DMRS REs.  “1” and “2” are used to indicate the REs over which a pair of TxD precoded symbols can be mapped.  Figure 1(a) could be used for TxD with two antennas while Figure 1(b) could be used for TxD for four antennas. Note that the number of CRS ports may not be the same as the number of DMRS ports in case of CoMP Scenario 4.

[image: image1]
Figure 1: An example of TxD resource mapping with un-precoded DMRS ports
With un-precoded DMRS ports, random beamforming in a per RE basis can be supported where the precoding vector changes from RE to RE for a given EPDCCH resource. It is expected that per RE based random beamforming could provide better diversity than per PRB pair-based random beamforming.  

So it seems that Rel-10 DMRS could be used to support all the possible EPDCCH transmission modes:

· Rank1 CL-BF:  single DMRS port  assigned to a UE,  similar to PDSCH,
· MU-MIMO:   up to four UEs may be supported by assigning a different DMRS port and/or scrambling ID to each UE 

· TxD:   Multiple DMRS ports without precoding, one for each antenna, up to four antennas.  

· Random /Open-loop BF:   

· Per-RB based:  with signal DMRS port, similar to CL-BF but with randomly selected precoding vector.  
· Per-RE or REG/CCE:  needs multiple un-procoded DMRS ports, one for each antenna for channel estimation, precoding vectors patterns need to be known by UE. 
For CRS, the followings can be observed:  
· It is not always available (e.g. MBSFN, new carrier type) or not adequate (e.g. CoMP Scenario 4)

· It is not good for CL-BF because  a UE needs to be informed about the precoding vector, which is difficult to do in case of EPDCCH

· It is good for TxD,  Open-loop BF or random BF

Proposal:

· DMRS is considered as the reference signal for EPDCCH  
· Un-precoded DMRS  is considered  for TxD and per-RE based random beamforming
3. Performance of CL-BF vs. TxD with Un-precoded DMRS 
We have done some simulation to compare the performance of CL-BF with TxD with un-precoded DMRS under high and low mobility scenarios.  A DCI of 43bits and an aggregation level of 2 over a single PRB pair are simulated under uncorrelated ETU channel.   Other simulation parameters can be found in  the Appendix. 

 Figure 2(a) shows the result with a 2x2 antenna configuration.  It can be seen that at BLER=1%, TxD is about 1dB better than CL-BF at 3km/h.  At UE mobility of 30km/h and 120km/h, TxD is about 2dB better than CL-BF. 

The result with 4x2 antenna configuration is shown in Figure 2(b).  A similar performance advantage of TxD over CL-BF can be seen. 


[image: image2]
Figure 2: TxD vs CL-BF for E-PDCCH transmission under ETU channel
Although additional simulation is to be done for correlated channel model SCE-B or SCM-E, it can be concluded that TxD seems to be needed for E-PDCCH transmission for high mobility UEs at least under uncorrelated channels.
4. Conclusions
We have discussed possible reference signal options for EPDCCH demodulation. In addition, some preliminary simulation results are presented which show that TxD performs better than CL-BF, particularly under high mobility.   From the discussion and simulation results, we have the following proposals:
Proposals:

· Rel-10 DMRS is considered as the baseline for EPDCCH demodulation reference signal

· Un-precoded DMRS is considered for  TxD  and for sharing among a group of or all UEs
· TxD with un-precoded DMRS is considered as an option for E-PDCCH transmission 
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6. Appendix: 
Table 1: Simulation parameters
	System bandwidth
	10MHz

	Number of  OFDM symbols for PDCCH 
	2

	Antenna configuration (Tx x Rx)
	2x2, 4x2

	CSI feedback delay
	10ms

	CSI feedback reference signal
	CRS

	CSI feedback mode
	Mode 3-1

	DCI size
	43bits

	Aggregation level 
	2

	Number of REs allocated for E-PDCCH
	72 REs

	Number of PRB pairs for E-PDCCH
	1 PRB pair

	E-PDCCH transmission mode
	CL-BF , TxD

	Demodulation reference signal
	DMRS

	Channel model
	ETU

	Channel estimation
	Practical 

	Carrier frequency
	2GHz

	UE mobility
	3km/h,30km/h,120km/h

	Modulation
	QPSK

	
	


[image: image3.jpg]















































































































4x2 





2x2 





One RB





OFDM symbol Index





OFDM symbol Index





Legacy control symbols





(b)   with DMRS ports {7,8, 9,10} 





  with DMRS ports {7,8}





DMRS ports {9,10}





REs in OFDM symbols without DMRS





REs in OFDM symbols with DMRS





DMRS ports {7,8}





CRS ports









4

[image: image4.wmf]11

2

2

2

2

2

2

2

10

1

1

1

2

1

1

1

1

1

1

2

9

2

1

2

2

2

1

2

8

1

2

1

2

2

2

1

1

2

1

2

7

2

1

1

2

1

1

2

2

1

1

2

6

1

1

1

5

2

2

1

2

2

2

2

2

2

1

2

4

1

1

1

2

1

1

1

1

1

1

2

3

2

1

2

2

2

1

2

2

1

2

1

2

2

2

1

1

2

1

2

1

2

1

1

1

2

2

1

0

1

1

2

1

1

1

2

0

1

2

3

4

5

6

0

1

2

3

4

5

6

[image: image5.wmf]11

2

2

2

2

2

2

2

10

1

1

1

1

1

1

1

9

2

1

2

2

2

1

2

8

1

2

1

2

2

2

1

1

2

1

2

7

2

1

1

2

1

1

2

2

1

1

2

6

1

1

1

5

2

2

2

2

2

2

2

4

1

1

1

2

1

1

1

1

1

1

2

3

2

1

2

2

2

1

2

2

1

2

1

2

2

2

1

1

2

1

2

1

2

1

1

1

2

2

1

0

1

1

1

0

1

2

3

4

5

6

0

1

2

3

4

5

6

[image: image6.jpg]BLER

10

242, ¥pol, etu, , BW=10MHz, EPDCCH,1RB, AggLv=2

—e—TuD:3kmih
—e— CLBF:3kmih
— = TxD:30kmih
— = CLBF:30kmih
@ TDA 20k
9 CLBF:120km/h

SNR (d8)



[image: image7.jpg]BLER

10

10

442, ¥pol, etu, , BW=10MHz, EPDCCH,1RB, AggLv=2

—e—TuD:3kmih
—e— CLBF:3kmih
— = TxD:30kmih
— = CLBF:30kmih
@ TDA 20k
9 CLBF:120km/h

SNR (d8)



