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1 Introduction

At RAN1#69 meeting, it was agreed for ePDCCH mapping that coding chain rate matching is used around the colliding signals including CRS, CSI-RS and legacy PDCCH, etc. The remaining open issues of ePDCCH mapping include, 
· Number of eCCEs in a PRB pair for localised transmission

· Mapping of eCCEs in a PRB pair for localized transmission
· Whether ePDCCH can be transmitted in PRB pairs in which PBCH or PSS/SSS/PRS are transmitted
· Number of eREGs in an eCCE for distributed transmission
In this contribution, the four open issues are discussed and the related proposals are given.
2 Number of eCCEs in a PRB pair for localized transmission
Regarding the number of eCCEs within a PRB pair, the three options in normal subframe for FFS from RAN1#69 are 
· Option 1:  2 or 4 depending on overhead of other signals, and 

· Option 2:  3 or 4 depending on overhead of other signals, and 

· Option 3:  4 in at least the PRB pairs that do not contain PBCH/PSS/SSS
For options 1 and 2, the number of eCCEs is variable depending on the overhead of other signals, i.e., the number of available REs in one PRB pair. The consideration is that the number of available REs (i.e., for ePDCCH transmission) in one eCCE shall be close to 36, so that the legacy aggregation levels and the related link adaptation can be reused as much as possible. For option 3, the number of eCCEs is always 4 and the number of available REs per eCCE will be variable, which is also related to the number of available REs in one PRB pair. Due to the presence of other signals, the number of available REs per PRB pair can vary significantly depending on the scenarios and all possible overhead combinations. 
To illustrate the variation in the number of available REs per PRB pair, the typical cases with different combinations of other signals are listed in Table 1 and the corresponding distribution of the number of available REs is shown in Figure 1.
Table 1. The number of available REs in normal subframe and MBSFN subframe
	Cases

   40 REs’ CSI-RS is assumed with Normal CP;
32 REs’ CSI-RS is assumed with Extended CP
	Normal subframe,
Normal CP
	Normal subframe,
Extended CP
	MBSFN subframe,
Normal CP
	MBSFN subframe,
Extended CP

	DMRS
	144
	128
	144
	128

	DMRS + 1 port CRS 
	136
	122
	-
	-

	DMRS + 1 port CRS + 1 symbol CCH
	126
	110
	126
	110

	DMRS + 1 port CRS + 2 symbol CCH 
	114
	98
	114
	98

	DMRS + 1 port CRS + 3 symbol CCH 
	102
	86
	-
	-

	DMRS + 2 port CRS + 1 symbol CCH 
	120
	104
	120
	104

	DMRS + 2 port CRS + 2 symbol CCH 
	108
	92
	108
	92

	DMRS + 2 port CRS + 3 symbol CCH 
	96
	80
	-
	-

	DMRS + 2 port CRS + 4 symbol CCH 
	84
	72
	-
	-

	DMRS + 4 port CRS + 1 symbol CCH 
	112
	96
	-
	-

	DMRS + 4 port CRS + 2 symbol CCH 
	104
	88
	104
	88

	DMRS + 4 port CRS + 3 symbol CCH  
	92
	76
	-
	-

	DMRS + 4 port CRS + 4 symbol CCH
	80
	68
	-
	-

	DMRS + CSI-RS
	104
	96
	104
	96

	DMRS + CSI-RS
	104
	96
	104
	96

	DMRS + 1 port CRS + CSI-RS 
	96
	90
	-
	-

	DMRS + 1 port CRS + 1 symbol CCH + CSI-RS
	86
	78
	86
	78

	DMRS + 1 port CRS + 2 symbol CCH + CSI-RS
	74
	66
	74
	66

	DMRS + 1 port CRS + 3 symbol CCH + CSI-RS
	62
	54
	-
	-

	DMRS + 2 port CRS + 1 symbol CCH + CSI-RS 
	80
	72
	80
	72

	DMRS + 2 port CRS + 2 symbol CCH + CSI-RS  
	68
	60
	68
	60

	DMRS + 2 port CRS + 3 symbol CCH  + CSI-RS 
	56
	48
	-
	-

	DMRS + 2 port CRS + 4 symbol CCH  + CSI-RS 
	44
	40
	-
	-

	DMRS + 4 port CRS + 1 symbol CCH  + CSI-RS 
	72
	64
	-
	-

	DMRS + 4 port CRS + 2 symbol CCH  + CSI-RS 
	64
	56
	64
	56

	DMRS + 4 port CRS + 3 symbol CCH  + CSI-RS 
	52
	44
	-
	-

	DMRS + 4 port CRS + 4 symbol CCH  + CSI-RS
	40
	36
	-
	-
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1a) MBSFN subframe
1b) Normal subframe
Figure 1. The distribution of number of available REs in normal subframe and MBSFN subframe
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It can be observed that the number of available REs per PRB pair varies from 40 to 144 in a normal subframe with normal CP and varies from 56 to 144 in a MBSFN subframe. For option 3, since the number of eCCEs per PRB pair in a normal subframe is fixed to be 4, the number of available REs in one eCCE varies from 10 to 36 in a normal subframe with normal CP assuming that the available REs are evenly distributed over four eCCEs. If there are also 4 eCCEs in a PRB pair in MBSFN subframe, the number of available REs per eCCE varies from 14 to 36. The maximum margin between the size of the eCCE and the size of legacy CCE is 75% and 61% in a normal subframe and MBSFN subframe, respectively, where the margin between A and B is defined as 
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 QUOTE  

. The distribution of the margin between the size of eCCE and legacy CCE size is shown in Figure 2
2a) MBSFN subframe                                                                                
2b) Normal subframe
Figure 2. The distribution of margin between eCCE size and legacy CCE size
For legacy PDCCH, link adaptation is used to improve the transmission efficiency by adjusting the aggregation level. For a DCI, the four aggregation levels, i.e., 1/2/4/8 CCEs result in four different coding rates. When performing the link adaptation for PDCCH, the eNB selects one of the four aggregation levels for transmission based on the CSI reported from UE. 
However, for ePDCCH, the actual size of eCCE will change due to the variation of the number of REs in one PRB pair. Thus, there will be many more coding rates for a DCI compared to PDCCH assuming the same number of aggregation levels is used. The resulting multiple coding rates will complicate the eNB scheduler to select the appropriate aggregation level for link adaptation. 
Furthermore, the CSI for link adaptation of localized ePDCCH transmission needs to be derived from the CSI reported for PDSCH scheduling. For each coding rate, the eNB needs to determine the CSI for ePDCCH from the PDSCH CSI. Considering the transmission rank difference of PDSCH and ePDCCH and the coarse PDSCH CSI reporting granularity, it would be difficult to determine the CSI for ePDCCH. 
For options 1 and 2, since the actual size of eCCE is designed to be close to 36, the resulting coding rate will be close to the rates determined for PDCCH. As a result, these similar coding rates for options 1 and 2 can be represented by one coding rate. While for option 3, link adaptation is more complicated because of the large range of eCCE actual size, as shown in Figure 2
In addition, it may happen that the actual size of eCCE for option 3 is much smaller than 36, e.g., 20 REs, a new and higher aggregation level, e.g., 12 or 16, will be needed to meet the performance requirements of ePDCCH. In this case, it may increase the number of ePDCCH blind decodings due to the increase in aggregation levels. 

Based on the above analysis, there is the following observation: 

Observation: The number of eCCEs within a PRB pair in a normal subframe and MBSFN subframe should be variable so that the size of eCCE can be close to legacy CCE.
For the variable number of eCCEs, in order to get a similar size with legacy CCE, the size of eCCE can be determined as following. Assuming the number of available REs in a PRB pair is Y and the possible eCCE number is Ni, the corresponding eCCE size Mi is
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The criterion to determine both the eCCE size and the number of eCCEs is to find a combination that results in an eCCE size as close as possible to 36. More specifically, the value I is defined as: 
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Then, NI and MI are adopted as the number of eCCEs and the eCCE size, respectively.

Based on the method of determining eCCE size and the distribution of number of available RE shown in Figure 1, we can find that most of number of available REs in one PRB pair can be quantized to 2, 3 or 4. 

For option 2, when the number of eCCEs in a PRB pair is 3 and the eCCE aggregation level is 1/2/4/8, it will complicate the design of search space and ePDCCH mapping. Therefore we prefer option 1 compared to option 2, i.e., the number of eCCEs in a PRB pair is 2 or 4 depending on the overhead of other signals.
Proposal 1: The number of eCCEs within a PRB pair in a normal subframe and MBSFN subframe is 2 or 4 depending on the overhead of other signals.

Regarding the number of eCCEs in special subframe, there is the following conclusion from RAN1#69,
· 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) 
Similarly, the number of available REs in one PRB pair with different combinations of other signal is listed in Table 2 for analysis.
Table 2. The number of available RE in different TDD special subframe configurations with normal CP
	Case
	TDD

Config 1
	TDD

Config 2
	TDD
Config 3
	TDD
Config 4
	TDD
Config 6
	TDD
Config 7
	TDD
Config 8

	DMRS 
	84
	96
	108
	120
	84
	96
	108

	DMRS + 1 port CRS
	78
	90
	102
	112
	78
	90
	102

	DMRS + 1 port CRS + 1 symbol CCH
	68
	80
	92
	102
	68
	80
	92

	DMRS + 1 port CRS + 2 symbol CCH
	56
	68
	80
	90
	56
	68
	80

	DMRS + 2 port CRS + 1 symbol CCH
	64
	76
	88
	96
	64
	76
	88

	DMRS + 2 port CRS + 2 symbol CCH
	52
	64
	76
	84
	52
	64
	76

	DMRS + 4 port CRS + 1 symbol CCH
	56
	68
	80
	88
	56
	68
	80

	DMRS + 4 port CRS + 2 symbol CCH
	48
	60
	72
	80
	48
	60
	72


Based on the method of determining the size of the eCCE and the distribution of number of available REs in different TDD special subframe configurations, the number of eCCE within a PRB pair in special subframe configuration 1/2/6/7 is 2, and in special subframe configuration 3/4/8 is 2 or 4.
Proposal 2: The number of eCCEs within a PRB pair for special subframe configuration 1/2/6/7 is 2 and for special subframe configuration 3/4/8 is 2 or 4 depending on overhead of other signals.
3 Mapping of eCCE in one PRB pair for localized transmission
The previous section described how to determine the number and size of eCCEs per PRB pair and proposed to have 2 or 4 eCCEs in one PRB pair. Once this operation is done, it is then necessary to map the 2/4 eCCEs on the PRB pair. Given the location of the overhead, the eCCEs are placed following a checkerboard pattern. The example in Figure 3 is for a case with a normal CP, normal subframe, a 3-symbol PDCCH region, 24 DMRS, and 8 CSI-RS ports. The total number of available REs is 84, thus according to the previous section, there are 2 eCCEs, each with a size of 42. 
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Figure 3. eCCE multiplexing with one PRB pair
When 4 eCCEs are mapped, a similar design can be used (as shown in Figure 4, for a normal CP, no PDCCH region, 24-RE DMRS subframe. The eCCE number is 4, and the eCCE size is 36).
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Figure 4. eCCE multiplexing with one PRB or VRB pair
For eCCE mapping in a PRB pair, there is the following proposal,
Proposal 3: The eCCEs are mapped in the PRB pair using a checkerboard structure
4 ePDCCH transmission in the PRB pairs with PBCH/PSS/SSS/PRS 
For ePDCCH, it is agreed that DMRS is used for the demodulation and the resource pattern of DMRS for ePDCCH is same as that of Rel-10 PDSCH. The relation between the DMRS of ePDCCH and PSS/SSS is summarized in Table 3.
Table 3. The collision of ePDCCH DMRS and PSS/SSS
	
	Subframe #0
	Subframe #5
	Subframe # 1
	Subframe # 6

	FDD
	PSS and SSS collide with ePDCCH DMRS at the last two symbols of the first slot 
	PSS and SSS collide with ePDCCH DMRS at the last two symbols of the first slot 
	-
	-

	TDD
	SSS collides with ePDCCH DMRS at the last OFDM symbol of the second slot
	SSS collides with ePDCCH DMRS at the last OFDM symbol of the second slot
	PSS collide with ePDCCH DMRS at the third OFDM symbol
	PSS collide with ePDCCH DMRS at the third OFDM symbol except for the case with 10-ms downlink-to-uplink switch-point periodicity, i.e., uplink-downlink configuration 3, 4 and 5


It can be observed that both PSS and SSS collide with ePDCCH DMRS in the resource blocks with PSS/SSS. To preserve synchronization performance in the legacy carrier, the ePDCCH DMRS has to be punctured by PSS/SSS if the ePDCCH is mapped onto the PRB pairs with PSS/SSS. The ePDCCH DMRS puncturing will degrade channel estimation performance of ePDCCH and also impact the channel estimator. In addition, because the PSS/SSS and PBCH are located in the same PRB pairs, the resource elements are occupied by PBCH/PSS/SSS reduces the number of available REs, which results in a smaller size for the eCCE. To ensure the performance of ePDCCH and avoid the impact on the channel estimator, the ePDCCH should not be transmitted in the PRB pairs with PBCH/PSS/SSS.
Proposal 4: UE is not expected to receive ePDCCH in the PRB pairs with PBCH/PSS/SSS. 
Similar to PSS/SSS, the PRS pattern also collides with ePDCCH DMRS in the resource blocks with PRS. Unlike other signals such as CRS, PSS/SSS etc, the configuration information of PRS is a UE specific dedicate signaling. This means that the UE who does not have the positioning requirement has no information about the PRS distribution. Thereby it is impossible for the ePDCCH rate-matching around PRS.
Thus if ePDCCH and PRS coexist in one PRB, either ePDCCH is punctured by PRS or PRS is dropped. If ePDCCH is punctured by PRS, the DCIs in those PRBs can hardly be decoded at the receivers. On the other hand, dropping the PRS would impact the positioning performance. In addition, it has been specified in Rel-10 that a UE may assume that the PRS EPRE is constant across all OFDM symbols that contain positioning reference signals in a given PRS occasion. Dropping the PRS may also impact the Rel-10 spec, which is not expected.
Hence, the eNB should avoid the coexistence of ePDCCH and PRS in one PRB pair, which is similar as the processing of the relationship between the PDSCH and the PRS since Rel-9.
Proposal 5:  There is no need to solve the collision between ePDCCH and PRS in the specification.
5 eCCE mapping for distributed transmission 
For distributed transmission, one eCCE corresponds to multiple eREGs distributed acorss different PRB pairs. When the size of multiple eREGs in these PRB pairs is unbalanced, the actual size of eCCE corresponding to the multiple eREGs will also be unbalanced. Thereby, it will result in unbalanced performance between different eCCEs and complicate the scheduler implementation.  

Hence, when mapping one eCCE onto the corresponding multiple eREGs in the distributed transmission, it is desirable to make the size of each eCCE to be as equal as possible. A simple way is to map one eCCE to multiple eREGs with different sizes from different PRB pairs.

For example, a distributed eCCE can correspond to eREG 0 in PRB pair 1, eREG 2 in PRB pair 2, eREG 4 in PRB pair 3 and eREG 7 in PRB pair 4; another eCCE corresponds to eREG 3 in PRB pair 1, eREG 6 in PRB pair 2, eREG 1 in PRB pair 3 and eREG 5 in PRB pair 4 as illustrated in Figure 5. Because all the sizes eREG are aggregated to form one eCCE, the size of each eCCE will be as equal as possible.

Proposal 6: The mapping of eCCE on eREGs for distributed transmission shall enable the actual eCCE size to be as equal as possible.
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Figure 5. An example of one eCCE corresponding to multiple eREGs

6 Conclusion
Based on the discussion in this contribution, there are the following proposals,   
Proposal 1: The number of eCCEs within a PRB pair in a normal subframe and MBSFN subframe is 2 or 4 depending on overhead of other signals.

Proposal 2: The number of eCCEs within a PRB pair for special subframe configuration 1/2/6/7 is 2 and for special subframe configuration 3/ 4/ 8 is 2 or 4 depending on overhead of other signals.
Proposal 3: The eCCEs are mapped in the PRB pair using a checkerboard structure.
Proposal 4: UE is not expected to receive ePDCCH in the PRB pairs with PBCH/PSS/SSS. 
Proposal 5:  There is no need to solve the collision between ePDCCH and PRS in the specification.
Proposal 6: The mapping of eCCE on eREGs for distributed transmission shall enable the actual eCCE size to be as equal as possible. 
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