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1 Introduction

At the RAN1#69 meeting, the definitions of eREG/eCCE were discussed and the following agreements were achieved [1]:
· At least for distributed transmission, the 144 REs for normal CP in a PRB pair in a normal subframe (not counting the 24 DMRS REs) are divided into one of {8,12,16,24 or 36} (FFS, revisit on Wed to narrow down – revisit at RAN1#70) equal-sized non-overlapping resource element groups (eREG)

· Detailed design of the eREG mappings are FFS

· An eCCE is formed by grouping of multiple eREGs 

· An eCCE groups eREGs located in multiple PRB-pairs

· 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) 

In this contribution, we provide our considerations on the remaining details of eCCE and eREG for ePDCCH.
2 Discussion

The PRB pairs of a normal subframe contain a total number of 168 REs, which is much larger than what is required for a single DCI. Thus multiplexing multiple DCIs within a PRB pairs is definitely necessary. Reusing the concept of CCE as a basic unit for DCI assignments and for blind decoding, which is similar to the design of legacy PDCCH, would therefore be a good starting point for ePDCCH design, in order to minimize the changes to the specification and to reuse as much the characteristics of existing PDCCH as possible.
Nonetheless, ePDCCH differs from the legacy PDCCH in one way that the former supports not only distributed but also localized transmissions. Due to the significantly different characteristics of localized and distributed transmission modes, the design of eCCE and eREG may be different accordingly, which would be discussed in the sequel respectively.
2.1 Localized transmission
As proposed in [2], the UE should assume that 24 REs are used for ePDCCH DMRS in normal subframe. The remaining 144 REs in the PRB pair should be divided into several eCCEs. On the new carrier type where no legacy physical channels and signals transmitted, dividing the 144 REs by four would result in 36 REs per eCCE, which is the same size as the legacy CCE. This is desirable, as existing link adaptation for PDCCH can then be reused. On the other hand, in the presence of legacy physical signals and channels, it has been agreed at the RAN1#69 meeting that coding chain rate-matching is used for ePDCCH [1]. As a result, the number of available REs for eCCE in the PRB pair would vary significantly in different scenarios. Table 1 shows the number of available REs for eCCE in various scenarios. Note that the scenario where a subframe contains CSI-RS is FFS.
Table 1: Number of REs available for eCCE within a PRB pair in normal subframe under various scenarios.
	Scenarios
	Number of REs available for eCCE

	DMRS only, no CRS, no legacy channels (i.e. new carrier type)
	144

	2-symbol PDCCH
	2-port CRS, no CSI-RS
	108

	
	4-port CRS, no CSI-RS
	104

	3-symbol PDCCH
	2-port CRS, no CSI-RS
	96

	
	4-port CRS, no CSI-RS
	92


At the RAN1#69 meeting, three alternatives are proposed for the final decision on the number of eCCEs per PRB pair in normal subframes [1]:
1) 2 or 4 depending on overhead of other signals;
2) 3 or 4 depending on overhead of other signals;
3) 4 in at least the PRB pairs that do not contain PBCH/PSS/SSS.
As explained in [3], it is better not to assign ePDCCH in the PRB containing PBCH/PSS/SSS. Option 3), i.e. the fixed number of four eCCEs per PRB pair regardless of the existing overhead within the normal subframes, seems to be the simplest solution to the eCCE design. However, as shown in Table 1, the number of available REs for eCCE in the PRB pair would vary significantly in different scenarios. Consequently, under the assumption of four eCCEs per PRB pair, the eCCE size may span from 23 REs to 36 REs in normal subframes. Further, in the presence of CSI-RS, there may be more variations of eCCE size. Such a design will complicate the link adaptation operations at eNB. In contrast, with a variable number of eCCEs per PRB pair, the eCCE size can be roughly the same as the legacy CCE, which simplifies link adaptation and is preferred.
Table 2 shows the eCCE size with different assumptions on the number of eCCEs per PRB under different scenarios. It shows that the option of two eCCE per PRB results in a significantly larger eCCE size than legacy CCE. By contrast, the eCCE size becomes similar to that of the legacy CCE if three eCCEs per PRB is adopted. Moreover, by deploying ePDCCH, the necessity of applying 3 PDCCH symbols per subframe is reduced, because some of the control channel loading can be offloaded to ePDCCH. Hence, the option of three eCCEs per PRB pair seems to be a proper choice under the typical 2-symbol PDCCH scenario.
Table 2: The eCCE size under different assumptions in normal subframes.
	Scenarios
	4 eCCEs per PRB
	3 eCCEs per PRB
	2 eCCEs per PRB

	DMRS only, no CRS, no legacy channels (i.e. new carrier type)
	36
	48
	72

	2-symbol PDCCH
	2-port CRS, no CSI-RS
	27
	36
	54

	
	4-port CRS, no CSI-RS
	26
	34
	52

	3-symbol PDCCH
	2-port CRS, no CSI-RS
	24
	32
	48

	
	4-port CRS, no CSI-RS
	23
	30
	46


Proposal 1: The number of eCCEs within a PRB pair in normal subframes is 3 or 4 depending on overhead of other signals.
Table 3 shows the eCCE size in different TDD special subframes, except configurations 0 and 5 where the ePDCCH should not be transmitted. Obviously, the options of three and four eCCEs should be precluded, as their resultant eCCE size may be too small and some residual REs may not be fully exploited. The option of two eCCEs should be adopted for different special subframe configurations.
Table 3: The size of eCCE with 4 DMRS ports in special subframes with normal CP.
	Special subframe
	Scenarios
	Number of REs
	4 eCCEs per PRB
	3 eCCEs per PRB
	2 eCCEs per PRB

	Configuration 1/6
	2-symbol PDCCH, 2-port CRS
	52
	13
	17
	26

	
	2-symbol PDCCH, 4-port CRS
	48
	12
	16
	24

	Configuration 2/7
	2-symbol PDCCH, 2-port CRS
	64
	16
	21
	32

	
	2-symbol PDCCH, 4-port CRS
	60
	15
	20
	30

	Configuration 3/8
	2-symbol PDCCH, 2-port CRS
	76
	19
	25
	38

	
	2-symbol PDCCH, 4-port CRS
	72
	18
	24
	36

	Configuration 4
	2-symbol PDCCH, 2-port CRS
	84
	21
	28
	42

	
	2-symbol PDCCH, 4-port CRS
	80
	20
	26
	40


Moreover, given that only two eCCEs per PRB pair need to be supported in special subframes, it is therefore unnecessary to configure four DRMR ports in this case. Table 4 shows the eCCE size for different special subframe configurations assuming only two DMRS ports.
Table 4: eCCE sizes with 2 DMRS ports in special subframe of normal CP.
	Special subframe
	Scenarios
	Number of REs
	2 eCCEs per PRB

	Configuration 1/6
	2-symbol PDCCH, 2-port CRS
	64
	32

	
	2-symbol PDCCH, 4-port CRS
	60
	30

	Configuration 2/7
	2-symbol PDCCH, 2-port CRS
	76
	38

	
	2-symbol PDCCH, 4-port CRS
	72
	36

	Configuration 3/8
	2-symbol PDCCH, 2-port CRS
	88
	44

	
	2-symbol PDCCH, 4-port CRS
	84
	42

	Configuration 4
	2-symbol PDCCH, 2-port CRS
	96
	48

	
	2-symbol PDCCH, 4-port CRS
	92
	46


Proposal 2: A PRB pair is divided into two eCCEs in special subframes, where only two DMRS ports need to be configured.
2.2 Distributed transmission
For distributed transmissions, it is desirable to introduce a resource unit that is smaller than the eCCE, referred to as extended REG (eREG). This is beneficial, because it enables the network to better spread the eREGs of an eCCE in the frequency domain such that more frequency diversity gain can be exploited, especially for low aggregation levels which welcome further protection against channel-related impairments. Specifically, the eCCE should be divided into at least two eREGs, for the sake of exploiting frequency diversity for aggregation level 1.
As already pointed out in some earlier contributions [4], the diversity order of 4 is desirable for low aggregation levels. It is observed in [5] that the diversity order of 4 can provide significant gain over that of order-2 diversity, while even higher diversity order can only provide marginal gain in comparison to the order-4 case. Therefore, it is suggested that an eCCE is divided into 4 eREGs in normal subframes.
Proposal 3: For distributed transmission, an eCCE is divided into 4 eREGs in normal subframes.
On the other hand, it is not clear whether it is also beneficial to introduce the eREG concept for localized transmission, as it does not bring additional performance gains. Moreover, additional eCCE-to-eREG mapping rule different from that for distributed transmission definitely need to be defined for localized transmission, which obviously requires further standardization effort. Given the constrained Rel-11 timeline, it seems not necessary to define eREG for localized transmission.
Proposal 4: It is not necessary to define eREG for localized transmission.
2.3 Support of 16QAM
Since Rel-8, among all available modulation schemes, only QPSK is supported in PDCCH. In order to increase the ePDCCH capacity, introduction of 16QAM as an ePDCCH modulation scheme was suggested [6]. However, it is worth noting that the demodulation of QPSK does not require the amplitude reference, which enables flexible power borrowing between REs. On the other hand, the demodulation of 16QAM does require the amplitude reference. Consequently, either additional signaling is required for informing the UE about the power ratio of ePDCCH to DMRS, or a stringent power allocation policy is required for demodulation, which eliminates the flexible power borrowing potential. Moreover, the number of blind decoding operations required for UE may also be increased, due to the support of two modulation schemes. Consequently, it is suggested that the support of 16QAM can be left for future release.
Proposal 5: QPSK is supported as the only modulation scheme for eREG and eCCE in Rel-11. It is not necessary to support 16QAM in Rel-11.
3 Conclusion

In this contribution, we provide our views on the remaining details of eCCE and eREG for ePDCCH. Based on the discussions, we propose that:
Proposal 1: The number of eCCEs within a PRB pair in normal subframes is 3 or 4 depending on overhead of other signals.
Proposal 2: A PRB pair is divided into two eCCEs in special subframes, where only two DMRS ports need to be configured.
Proposal 3: For distributed transmission, an eCCE is divided into 4 eREGs in normal subframes.
Proposal 4: It is not necessary to define eREG for localized transmission.
Proposal 5: QPSK is supported as the only modulation scheme for eREG and eCCE in Rel-11. It is not necessary to support 16QAM in Rel-11.
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