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1
Introduction

In RAN1#69, the following agreement was made regarding ePDCCH resource mapping:

· At least for USS, a RE that collides with any other signal is not used for ePDCCH

· Coding chain rate-matching is used around:


· CRS 

· New antenna port on NCT

· Region up to the PDSCH starting position

· PBCH and PSS/SSS if ePDCCH transmission in these PRB pairs is supported 

· Around ZP and NZP CSI-RS configured for the UE receiving ePDCCH:

· Working assumption that coding-chain rate matching is used

· FFS whether anything needs to be specified in relation to PRS 

· 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) 

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

· PBCH is transmitted

· PSS/SSS is transmitted

· PSS/SSS collide with DMRS

In this contribution we discuss the open aspects of number of eREGs in normal and special subframes, as well as number of eCCEs in both normal and special subframes. In the companion contribution [1] we discuss eREG resource mapping as well as mapping of eREGs to eCCEs in more detail.
2
Number of eREGs
In RAN1#69 it was agreed that at least for distributed transmission the 144 non-DMRS REs within a PRB pair in a normal subframe are divided into one of {8, 12, 16, 24 or 36} eREGs. 
As discussed in [2], the concept of eREG is basically intended for splitting one eCCE into smaller pieces in order to enable distributing the eCCE over multiple frequency locations (PRB pairs) in order to allow frequency diversity gains. Hence, when selecting the number of eREGs per PRB pair, the supported frequency diversity order is a factor to be considered. In the following we compare the five abovementioned candidates.

Option A, 8 eREGs per PRB pair: Considering that eREGs will be grouped into multiple eCCEs with equal size or almost equal size, in this case the number of eCCEs per PRB pair can be 2 or 4. Two eCCEs per PRB pair results in a too large eCCE size and hence in inefficient resource utilization, and from that perspective 4 eCCEs per PRB pair is a better candidate for normal subframe due to finer granularity (see section 3). When the 8 eREGs are grouped into 4 eCCEs, each eCCE is split into only 2 eREGs. Then obviously option A introduces a limitation that distributed ePDCCH with aggregation level 1 can achieve only diversity order of 2.
Option B, 12 eREGs per PRB pair: In case the eREGs are grouped into 4 eCCEs, there are 3 eREGs per PRB pair, which means a ePDCCH with aggregation level 1 can be distributed to only 3 PRB pairs, while it has been shown in for instance [3]
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 \* MERGEFORMAT [4] that at least a frequency diversity order of four is needed. Even for distributed ePDCCH with aggregation level 2, which means 6 eREGs, distributing the eREGs uniformly to 4 PRB pairs could be problematic. Alternatively option B also enables 3 eCCEs per PRB pair with 4 eREGs per eCCE. However, as will be discussed in more detail in the next section, 3 eCCEs per PRB pair introduces additional complexity in aggregation level and search space design and is not desired to be adopted in Release 11 due to limited time.
Option C, 16 eREGs per PRB pair: The eREGs can be grouped into 2 or 4 eCCEs in this case with 8 or 4 eREGs per eCCE respectively. It enables a frequency diversity order of 4 for distributed ePDCCH even with aggregation level 1.

Option D/E, 24/36 eREGs per PRB pair: 24 or 36 eREGs per PRB pair would enable diversity order of at least 4 within each PRB pair. However, increasing the diversity order beyond four does not provide any meaningful additional gain and on the other hand 24/36 eREGs might require more complex eREG resource mapping and eREG-eCCE mapping.

Observations:

· Sufficient diversity order of four needs to be ensured.

· Numbers of eREGs that are multiples of three may be more complex from specification perspective.
Based on the above comparison, we propose to adopt Option C, i.e, divide one PRB pair into 16 eREGs. Though the above analysis assumes normal subframes, we do not see a strong motivation to use a different division for special subframes. A special subframe provides less available REs per PRB pair and the number of REs varies with special subframe configuration, however it is undesirable to adopt one number of eREGs per special subframe configuration. In fact, less available REs in a special subframe is similar to the case of more REs being punctured by other signals in a normal subframe. Hence it only affects the available REs per eREG, while the number of eREGs can be kept unchanged. So, for special subframes, we prefer to keep the same number of eREGs and the same mapping principle from eREGs to REs as for normal subframes, while mapping the eREGs to a smaller number of eCCEs or adopt higher aggregation levels. This also helps to simplify the specification as the eREG design will be uniform.
Proposals:

-
Number of eREGs within a PRB pair in both normal and special subframes is 16.

3
Number of eCCEs
In legacy PDCCH, the CCE size is 36 REs. For localized ePDCCH, it can be expected that due to precoding and potential frequency-selective scheduling gain, similar performance could be achieved even with less REs, while for distributed ePDCCH, even more REs might be required to get similar performance mainly due to reduced diversity gain compared to PDCCH. However, it is not desired to use a different eCCE size for localized and distributed ePDCCH considering the introduced complexity in both specification and implementation. 36 REs per eCCE can be seen a reference for both localized and distributed ePDCCH eCCE size, however due to for instance ePDCCH power control deviations from this size may not be a big problem either.
With different subframe/RS/PDCCH configurations, the number of available REs per PRB pair varies. According to the agreement in RAN1#69, the number of eCCEs per PRB pair can be selected from the set of {2 ,3, 4}. In Table 1, the number of available REs per eCCE is shown for each CRS/PDCCH configuration for normal subframe with 2/3/4 eCCEs per subframe. 
Table 1. Number of available REs per eCCE with 2/3/4 eCCEs per subframe (normal subframe).

	#CRS/#PDCCH
	1
	2
	3

	1
	63/42/31
	57/38/28
	51/34/25

	2
	60/40/30
	54/36/27
	48/32/24

	4
	56/37/28
	52/34/26
	46/30/23


As shown in the table, if number of eCCEs is less than 4, the eCCE size is in most cases larger than that of legacy CCE, which it is not desired at least for localized ePDCCH allocations. If the number of eCCEs is 4, the eCCE size is less than that of legacy CCE and may result in degraded performance of ePDCCH, especially for distributed ePDCCH. However, one should keep in mind that the eNB can always use ePDCCH power control (within practical power amplifier linearity constraints) to compensate for the performance degradation. For instance, for eCCE size=23 REs, the power boost of 10log10(36/23)=1.9 dB can be applied to reach similar performance and it is still within the practical eNB power control range. Also higher aggregation level of 16 can be used to improve coverage. When the number of eCCEs is 3, the eCCE size is the closest to that of legacy PDCCH, however, it should be noted that 3 eCCEs per PRB pair will make the search space design more complicated as many aspects of legacy PDCCH search space design are no longer applicable. Hence we conclude that four is a suitable number of eCCEs in normal subframes.
In Tables 2 to 5, the number of available REs per eCCE is shown for each special subframe configuration for cases of 2/4 eCCEs. The case of 3 eCCEs is not considered due to disadvantages discussed above. When the number of eCCEs is 4, the number of available REs varies from 12 to 30 depending on the special subframe/RS/PDCCH configuration, and the size may be too small to be compensated by power control alone in some cases. Hence, from this perspective, 2 eCCEs per PRB pair could be more preferred for special subframe. However, it should be noted that the maximum resource that can be used for one ePDCCH transmission is in fact determined by the PRB pair set size. For instance, with 4 PRB pairs per set and 2 eCCEs per PRB pair, there are up to 8 eCCEs for ePDCCH, which means the aggregation level can be up to 8, while if there are 4 eCCEs per PRB pair there are altogether 16 eCCEs and the aggregation level can be up to 16, i.e, the maximum resource for one ePDCCH is the same. So, defining 2 eCCEs per PRB pair has the same effect as introducing a higher aggregation level. Since a higher aggregation level may be necessary even in normal subframes in some cases, it does not impose any additional complexity, while defining 2 eCCEs per PRB pair may require a new eREG to eCCE mapping and a different search space design. Hence based on the analysis, we currently slightly prefer to keep same number of eCCEs in special subframe as in normal subframe case, and let the coverage problem be solved by ePDCCH power control and a higher aggregation level. In the worst case also scheduling restrictions could be applied by the eNB.
Table 2. Number of available REs per eCCE with 2/4 eCCEs per subframe (special subframe configurations 1 and 6).

	#CRS/#PDCCH
	1
	2

	1
	35/17
	29/14

	2
	32/16
	26/13

	4
	28/14
	24/12


Table 3. Number of available REs per eCCE with 2/4 eCCEs per subframe (special subframe configurations 2 and 7).

	#CRS/#PDCCH
	1
	2

	1
	41/20
	35/17

	2
	38/19
	32/16

	4
	34/17
	30/15


Table 4. Number of available REs per eCCE with 2/4 eCCEs per subframe (special subframe configurations 3 and 8).

	#CRS/#PDCCH
	1
	2

	1
	47/23
	41/20

	2
	44/22
	38/19

	4
	40/20
	36/18


Table 5. Number of available REs per eCCE with 2/4 eCCEs per subframe (special subframe configuration 4).

	#CRS/#PDCCH
	1
	2

	1
	51/25
	45/22

	2
	48/24
	42/21

	4
	44/22
	40/20


Hence, our proposals are as follows:
Proposals:

- 
Number of eCCEs in at least normal subframes is four.


-
This is independent of overhead of other signals.

4
Conclusions

In this contribution we have discussed the number of eREGs and eCCEs within a PRB pair in normal and special subframes. Our proposals are summarized as follows:
-
Number of eREGs within a PRB pair in both normal and special subframes is 16.

- 
Number of eCCEs in at least normal subframes is four.


-
This is independent of overhead of other signals.

Currently we feel it may be best to use the same number of eCCEs, four, also in special subframes (independently of subframe configuration). It is noted that we discuss the details of mapping eREGs to REs and splitting of eCCEs into eREGs in more detail in the companion contribution [1].
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