3GPP TSG-RAN WG1 #70                                                                                                R1-123742
Qingdao, China, 13th – 17th August 2012
Source:
CMCC
Title:
Discussion on ePDCCH Design for Special Subframes
Agenda Item:
7.6.1
Document for:
Discussion and Decision
1. Introduction
Up to RAN1 #69 meeting, there has been extensive discussion on various aspects of ePDCCH and great progress has been made for some topics. However, the current discussion mainly focuses on normal subframes, and little effort is devoted to the special subframes which play an important role in LTE TDD systems. Taking Rel-11 timeline into account, we should discuss the ePDCCH design for special subframes and achieve the final conclusion in RAN1#70.  
To ensure the commonality of ePDCCH design, the design principles agreed for normal subframes should be reused as much as possible for special subframes. Another advantage of such approach is the requirement of less standardization effort. Thus ePDCCH design for special subframes will follow most of the conclusions made for normal subframes, and focus on the particular aspects that are different from normal subframes.  
In this contribution, we will present our views on ePDCCH design for special subframes.
2. ePDCCH in Special Subframes
2.1. Special subframe configurations
According to the latest version of TS 36.211 and taking into account the new special subframe configurations for LTE TDD approved in RAN #55, there are 10(normal CP)/8(extended CP) special subframe configurations for Rel-11 LTE TDD systems, as shown in the following tables:
Table 1 : Configuration of special subframe(normal CP)

	Special subframe configuration
	Normal CP in downlink
(number of OFDM symbols)

	
	DwPTS
	GP
	UpPTS

	0
	3
	10
	1

	1
	9
	4
	1

	2
	10
	3
	1

	3
	11
	2
	1

	4
	12
	1
	1

	5
	3
	9
	2

	6
	9
	3
	2

	7
	10
	2
	2

	8
	11
	1
	2

	9
	6
	6
	2


Table 2 : Configuration of special subframe(extended CP)

	Special subframe configuration
	Extended CP in downlink
(number of OFDM symbols)

	
	DwPTS
	GP
	UpPTS

	0
	3
	8
	1

	1
	8
	3
	1

	2
	9
	2
	1

	3
	10
	1
	1

	4
	3
	7
	2

	5
	8
	2
	2

	6
	9
	1
	2

	7
	5
	5
	2


For configuration 0/5(normal CP) and configuration 0/4(extended CP), there are only 3 OFDM symbols for DwPTS which will not transmit PDSCH due to the limited resource.So the following discussion will focus on the cases that DwPTS contains more than 3 symbols. Moreover, since no DMRS pattern has been specified for special subframe configuration 7(extended CP), ePDCCH cannot be supported in this case. 
2.2. Number of eCCEs for localized ePDCCH
In RAN1#69, some agreements for special subframes have been achieved[1] :
· For localized transmission, an eCCE is transmitted in one PRB-pair 

· 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) 

Following the above agreements and guidelines, we discuss the eCCE number for each special subframe in the following. 
As some REs should be reserved, e.g., for legacy PDCCH, CRS and so on,  only part of the REs in DwPTS are avaible for ePDCCH transmission. Table 3 shows the number of avaible REs per PRB pair in DwPTS with various amount of the reserved REs due to different configurations.  From the table, we can see that for normal CP configuration the maximum and mimimum numbers of avaible REs are 80 and 32, respectively.  Compared to the normal subframes, the number of availabe REs in special subframe is less fluctuating as there is no CSI-RS and the PDCCH region is limited to 1 or 2 OFDM symbols. 
As for the eCCE size, it is preferable that an eCCE has similar avaible REs as a CCE, with the following advantages :
· Reuse PDCCH design principle as much as possible
· Faciliate the link adaptation 

· Keep same aggregation levels as legacy PDCCH 

· No requirement to increase aggregation levels

Moreover, we would like to keep the set of eCCE numbers as small as possible  to reduce the standardization efforts for eCCE mapping. 
Following the above-mentioned principles, we list the suggested numbers of eCCEs for different special subframe configurations in Table 3.  From this table, we can see that for some cases, eCCE size is less that 36. However beamforming gain may relieve the impact of less resource. 
In this approach, most of the special subframe configuration will allow 2 eCCEs per PRB pair in DwPTS, and only special subframe configuration 9 for nomral CP will support 1 eCCE per PRB pair in DwPTS.  This propose can simplify the mapping of eCCE at the cost of reource inefficiency in some cases. For example, when a PRB pairs has 102 availabe REs, it can mapping them to 3 eCCEs. Thus a further optimization would be to support more eCCEs when a PRB pair has a large number of available REs.
Table 3 : Number of available REs per PRB pair in DwPTS
	CP type
	Special subframe configuration
	PDCCH Region
(symbols)
	Number of DMRS

REs
	Number of available REs per PRB in DwPTS 
	Number of eCCEs
	eCCE size

	
	
	
	
	Port 

0
	Port 0,1
	Port 0,1,2,3
	
	

	Normal
	1/ 6
	2
	24
	56
	52
	48
	2
	24-28

	
	
	1
	24
	68
	64
	56
	2
	28-34

	
	2/7
	2
	24
	68
	64
	60
	2
	30-34

	
	
	1
	24
	80
	76
	68
	2
	34-40

	
	3/8
	2
	24
	80
	76
	72
	2
	36-40

	
	
	1
	24
	92
	88
	80
	2
	40-46

	
	4
	2
	24
	90
	84
	80
	2
	40-45

	
	
	1
	24
	102
	96
	88
	2
	44-51

	
	9
	2
	12
	34
	32
	32
	1
	32-34

	
	
	1
	12
	46
	44
	40
	1
	40-46

	Extended

	1/5
	2
	8
	60
	56
	52
	2
	26-30

	
	
	1
	8
	72
	68
	60
	2
	30-36

	
	2/6
	2
	8
	72
	68
	64
	2
	32-36

	
	
	1
	8
	84
	80
	72
	2
	36-42

	
	3
	2
	8
	82
	76
	72
	2
	36-41

	
	
	1
	8
	94
	88
	80
	2
	40-47


2.3. Collision with PSS
In RAN1 #69, there was some discussion  on the topic whether ePDCCH can be transmitted in the PRBs in which PSS is transmitted, but no conclusion was achieved.  

If ePDCCH is not transmitted in the PRBs where PSS is transmitted, it means these PRBs cann’t be scheduled in the downlink transmission.This will lead to  the reduction of resource efficiency and cell throughput, especially for the systems with small bandwidth, e.g., 1.4M LTE system. Thus it is preferable to allow the simultaneous transmission of ePDCCH and PSS in the same PRB pairs. Therefore, we have
Proposal 1 : Rel-11 should support the simultaneous transmission of ePDCCH and PSS in the same PRB paires by puncturing some DMRS REs.  
However, the above solution has a problem that DMRS will collide with PSS for normal CP special subframe configurations, such as configuration 6,etc.
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Figure1 : DMRS in collision with PSS

Figure 1 shows special subframe configuration 6(normal CP) with PSS and DMRS transmitted in the same PRB pairs. From the figure we can see the collision accurs in the third symbol, and because of the higher priority of PSS, this column of DMRS will be punctured, and so does the second column DMRS in blue circle since DMRS are transmitted in pairs via using OCC. Therefore, only two columns of DMRS will be left. That is to say, the density of DMRS in the PRB pairs containing PSS is reduced a half, and may lead to some performance loss.  Due to the puncture of DMRS in the symbol 3, the 6 yellow REs are free now and can be used for ePDCCH per PRB pair. As a result, for the system with normal CP the PRB pairs in DwPTS transmitting PSS will have the same number of avaible REs as that without PSS.   
The special subframe configuration 9 for normal CP is an exception. There is only two columns of DMRS transmitted in this case and one of these two columns of DMRS is in collision with PSS. So the two columns of DMRS will be puntured completely. Then there will be no demodulation RS for ePDCCH.  So this special subframe configuration cannot support the simultaneous transmission of ePDCCH and PSS in the same PRB pairs for Rel-11 systems. 
Following the same principles of eCCE definition discussed above, the number of eCCE in each configuration is shown as follows :
Table 4 : Number of available REs per PRB pair with PSS
	CP type
	Special subframe configuration
	PDCCH Region

(symbols)
	Number of available REs in DwPTS
	Number of eCCE
	eCCE size

	
	
	
	Port 

0
	Port 0,1
	Port 0,1,2,3
	
	

	Normal
	1/6
	2
	56
	52
	48
	2
	24-28

	
	
	1
	68
	64
	56
	2
	28-34

	
	2/7
	2
	68
	64
	60
	2
	30-34

	
	
	1
	80
	76
	68
	2
	34-40

	
	3/8
	2
	80
	76
	72
	2
	36-40

	
	
	1
	92
	88
	80
	2
	40-46

	
	4
	2
	90
	84
	80
	2
	40-45

	
	
	1
	102
	96
	88
	2
	44-51

	
	9
	2
	34
	32
	32
	1
	32-34

	
	
	1
	46
	44
	40
	1
	40-46

	Extended

	1/5
	2
	48
	44
	40
	1/(2)
	40-48

(20-24)

	
	
	1
	60
	56
	48
	2
	24-30

	
	2/6
	2
	60
	56
	52
	2
	26-30

	
	
	1
	72
	68
	60
	2
	30-36

	
	3
	2
	70
	64
	60
	2
	30-35

	
	
	1
	82
	76
	68
	2
	34-41


For special subframe configuration 1/5 with extened CP, there will be 40-48 available REs per PRB pair when the PDCCH region occupies two OFDM symbols.  If considering the coverage of ePDCCH, it is preferable to support only 1 eCCE in these cases.  To keep a common design, we can also let it support 2 eCCEs, each with 20-24 REs. Beamforming is one way to compensate the limited resource. Restricted scheduling to only support cell-center UEs would be also a approach to relieve the potential impacts. 
Based on the above discussions about the number of available REs in different special subframe configurations with/without PSS, we propose that :
Proposal 2 : The numbers of eCCEs for  Rel-11 special subframe configurations are proposed in Tabel 5
· Further optimization could be consided to improve the resource efficiency or the coverage of ePDCCH 
· When a PRB pair has a small number of available REs (e.g., < 48) , it could map all these REs to 1 eCCE

·  When a PRB pair has a large number of available REs (e.g., > 84 or 90), it could map these REs to 3 eCCEs 
Table 5 : Number of eCCE recommended in DwPTS

	CP Type
	Special subframe configuration
	Number of eCCE per PRB pair

	Normal
	1,2,3,4,6,7,8
	2

	
	9
	1

	Extended
	2,3,5,6
	2


3. Conclusion
In this contribution, we discuss the ePDCCH design in special subframes. To improve the resource efficiency, we have the following proposals:
Proposal 1 : Rel-11 should support the simultaneous transmission of ePDCCH and PSS in the same PRB paires by puncturing some DMRS REs.  
After analyzing the numbers of availabe REs per PRB pair in special subframes with different configuations, we proposed the number of eCCEs per PRB pair in special subframes as follws :
Proposal 2 : The numbers of eCCEs for  Rel-11 special subframe configurations are proposed in Tabel 5

· Further optimization could be consided to improve the resource efficiency or the coverage of ePDCCH 

· When a PRB pair has a small number of available REs (e.g., < 48) , it could map all these REs to 1 eCCE

· When a PRB pair has a large number of available REs (e.g., > 84 or 90), it could map these REs to 3 eCCEs 
Table 5 : Number of eCCE recommended in DwPTS

	CP Type
	Special subframe configuration
	Number of eCCE per PRB pair

	Normal
	1,2,3,4,6,7,8
	2

	
	9
	1

	Extended
	2,3,5,6
	2
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