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1. Introduction

In RAN1 #69, the following was agreed.

· For localized transmission, an eCCE is transmitted in one PRB-pair 

· FFS whether an eCCE for localized transmission is formed by grouping multiple eREGs

· The number of eCCEs within a PRB pair in a normal subframe is FFS between:

· 2 or 4 depending on overhead of other signals, and 

· 3 or 4 depending on overhead of other signals, and 

· 4 in at least the PRB pairs that do not contain PBCH/PSS/SSS

· The number of eCCEs in a PRB pair in a special subframe is FFS from 1 or 2 of {2,3,4} (FFS)

· FFS whether different special subframe configurations can have different value(s) 

· FFS whether ePDCCH can be transmitted in PRB pairs in which:

· PBCH is transmitted

· PSS/SSS is transmitted

· PSS/SSS collide with DMRS

There are still some open issues on the details of RE mapping for both distributed and localized transmission of ePDCCH, e.g., whether ePDCCH can be transmitted in PRB pairs where PBCH or PSS/SSS are transmitted and the detailed design in special subframe. In this paper, we provide our views on ePDCCH transmission in special subframe and PRB pairs where PBCH or PSS/SSS are transmitted. 


2. Discussion
2.1  Special Subframe
In TDD, different special subframe configurations result in different available RE numbers for ePDCCH transmission in a PRB pair. In order to achieve comparable performance with legacy PDCCH, either reducing eCCE number in a PRB pair or increasing eCCE aggregation level can be considered. In [1], blocking rates for different eCCE numbers in a PRB pair are analyzed and 4 eCCEs per PRB pair has minimum blocking rate. On the other hand, 4 eCCE per PRB pair can fully exploit the usage of 4 DMRS antenna ports and using the same rule as normal subframe does not bring additional specification efforts. In addition, the performance can be ensured by increasing eCCE aggregation level for the compensation of RE loss.

Figure 1 shows the available REs with 4 DMRS ports, one CRS port and 2 symbols for legacy control region under different special subframe configurations. Note that configuration 9 (6:6:2) is the new special subframe configuration for LTE TDD in Rel-11 with antenna port 7–10 in the 3rd and 4th OFDM symbol in the first slot for normal CP. Table 1 and Table 2 list the available RE number per eCCE and PRB pair when fixed 4 eCCEs in a PRB pair are applied for all special subframe configurations in both special and normal subframes. It could be observed that the number of available REs per PRB number varies with different configurations. It’s a simple solution to use larger eCCE aggregation level to guarantee the comparable performance by applying the same rule as normal subframe without introducing additional specification efforts.  However, for special subframe configurations 0 and 5 with normal downlink CP, the available RE number is much less than other configurations and supporting ePDCCH for these two configurations may not be able to provide comparable performance even with high aggregation level.  Therefore, it is not suggested to support ePDCCH for special subframe configurations 0 and 5 with normal downlink CP.
Proposal #1:  For special subframe configurations 1, 2, 3, 4, 6, 7, 8, 9 with normal downlink CP, following the same rule for the normal subframe, 4 eREGs in a PRB-pair and rate matching around UpPTS and GP REs are applied in special subframe and larger aggregation level can be used to compensate the performance loss due to less available REs in one eCCE.  For special subframe configurations 0 and 5 with normal downlink CP, ePDCCH is not supported in the special subframe in Rel-11.
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Figure 1 Different special subframe configurations 
Table 1   Available RE number in a PRB pair and in one eCCE for different special subframe configurations 

	
	Configuration  4
	Configuration  3&8
	Configuration  2&7
	Configuration  1&6
	Configuration  9(Rel-11)
	Configuration  0&5

	Only DMRS
	120
	108
	96
	84
	60
	N/A

	- DMRS
- CRS(1 port/2 ports/4 ports)

- 1 symbol control region
	102/96/88
	92/88/80
	80/76/68
	68/64/56
	46/44/40
	N/A

	- DMRS
- CRS(1 port/2 ports/4 ports)

- 2 symbols control region
	90/84/80
	80/76/72
	68/64/60
	56/52/48
	34/32/32
	N/A

	Max RE number per eCCE
	30

	27


	24


	21


	15


	N/A


	Min RE number per eCCE
	20
	18
	15
	12
	8
	N/A


Table 2   Available RE number in a PRB pair and in one eCCE in normal subframe
	
	Only DMRS
	- DMRS
- CRS(1 port/2 ports/4 ports)

- 1 symbol control region
	- DMRS
- CRS(1 port/2 ports/4 ports)

- 2 symbol control region
	- DMRS
- CRS(1 port/2 ports/4 ports)

- 3 symbol control region

	Normal PRB
	144
	126/120/112
	114/108/104
	102/96/92

	RE number per eCCE
	36
	 31.5/30/28
	 28.5/27/26
	 25.5/24/23


2.2 PBCH and PSS/SSS 
PBCH is transmitted within the first four OFDM symbols of the second slot of subframe #0 and only over the 72 center subcarriers excluding the DC carrier. The UE shall not make any other assumptions about these resource elements. PSS and SSS in both TDD and FDD collide with DMRS except subframe #6 is normal subframe in TDD as Figure 2 shown. In summary, the following cases need to be considered, where:
· PSS/SSS collide with DMRS

· PBCH is transmitted
· No PBCH is transmitted
· PSS/SSS is transmitted but not collide with DMRS

In the case of PSS/SSS colliding with DMRS, the performance will degrade due to lack of demodulation reference signals. Other PRB pairs can be used for ePDCCH and in small bandwidth, i.e., 1.4MHz system, legacy PDCCH can be used.
When PSS/SSS does not collide with DMRS, only one more symbol is occupied by PSS in the middle 6PRB in subframe #6 for TDD uplink-downlink configuration 3, 4 and 5. The overhead is acceptable compared with other cases. 
Proposal #2:  In Rel-11, ePDCCH is not transmitted in PRB pairs where PSS/SSS collide with DMRS no matter whether PBCH is transmitted or not.  However, ePDCCH can be transmitted in PRB pairs where PSS/SS does not collide with DMRS when there is no PBCH transmitted.

[image: image2.emf]CRS RE

DMRS Port 7/8

Legacy PDCCH RE

DMRS Port 9/10

Zero CRS RE

PBCH

PSS/SSS

FDD 

subframe #0

subframe #0

TDD 

subframe #5

subframe #5

subframe #1 


Figure 2 Resource allocation of PRB in which PBCH is transmitted or PSS/SSS collide with DMRS


3. Conclusion

In this paper, we provide our views on ePDCCH transmission in PRB pairs in which PBCH or PSS/SSS are transmitted and in special subframe.  The proposals are concluded as follows.

Proposal #1:  For special subframe configurations 1, 2, 3, 4, 6, 7, 8, 9 with normal downlink CP, following the same rule for the normal subframe, 4 eREGs in a PRB-pair and rate matching around UpPTS and GP REs are applied in special subframe and larger aggregation level can be used to compensate the performance loss due to less available REs in one eCCE.  For special subframe configurations 0 and 5 with normal downlink CP, ePDCCH is not supported in the special subframe in Rel-11.
Proposal #2:  In Rel-11, ePDCCH is not transmitted in PRB pairs where PSS/SSS collide with DMRS no matter whether PBCH is transmitted or not.  However, ePDCCH can be transmitted in PRB pairs where PSS/SS does not collide with DMRS when there is no PBCH transmitted.
Reference 
[1]  R1-123339, “eCCE aggregation level and complexity analysis” , Mediatek Inc. 
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