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1. Introduction
In this contribution, the remaining details of mapping an ePDCCH to RE is discussed, including the definition of an eREG. 

2. Using eREG as the basic building block for ePDCCH mapping

At RAN1 #69, the eREG concept was agreed for at least distributed allocation where the REs each PRB pair is divided into N groups where N is yet to be decided among these values {8, 12, 16, 24 or 36}. In the discussion of distributed allocation, grouping of REs were also discussed, with the purpose to enable beamforming switching diversity, but the size of such group is FFS. To specify different grouping of REs for the two purposes seems unnecessary. We therefore suggest that the eREG are used as building blocks also to enable spatial diversity as well as the already agreed frequency diversity. 

Proposal: The group of REs defined in spatial diversity transmission is the eREG and each eREG index is associated by specification with one antenna port 

Hence, the UE may assume that the same precoding applies to all RE within an eREG and each eREG is then associated with an antenna port. Since the number of eREG in a PRB pair generally is larger than the number of antenna ports, multiple eREGs will share the same antenna port (but a given DCI message will generally only use a fraction of these eREGs in the PRB pair). 

An eCCE is then defined as a collection of eREG associated to different antenna ports to provide spatial diversity and possibly also a collection of eREG in different PRB pairs to provide frequency diversity.

Furthermore, it was aimed in a way forward at RAN1#69 that “the possibility to multiplex (from eNB perspective) localized and distributed ePDCCHs in the same PRB pair in the ePDCCH design (search space, antenna port mapping, eREG) if possible without unacceptable adverse impacts”. Such multiplexing is important in narrow system bandwidths where the number of PRB pairs reserved for ePDCCH transmission needs to be low due to overhead and intercell interference coordination purposes. To make this possible, it is beneficial if the eREG are used as eCCE building blocks for localized transmission as well. Hence, we propose
Proposal:  An eCCE for localized transmission is formed by grouping of multiple eREGs in the same PRB pair. 
To summarize, these proposal implies that eREGs are the basic physical layer building block for both kinds of ePDCCH mappings, and used to form the eCCEs. Depending on how the eREGs are collected into eCCEs, localized or distributed allocation is achieved. Furthermore, depending on how antenna ports are associated with different eREGs, spatial diversity can be achieved.  

3. eREG numerology

The number of eREGs in a PRB pair needs to be decided and the candidates are compared in Table 1 for normal subframes. There are maximally 144 RE available in a PRB pair with normal CP and 128 RE with extended CP.  4 eCCE of legacy size 36 RE or 32 RE can be supported in a PRB pair with normal and extended CP respectively. By assuming this, the number of eREG per eCCE is given in Table 1 for the different candidates.

It is noted that alternative A and C has the benefit to have equal size of all eREG in both normal and extended CP cases. 

Table 1 Candidates for eREG size in normal subframe
	Alt.
	eREG 
per PRB
	eREG 
per eCCE
	RE per eREG,

 normal CP
	RE per eREG, 

extended CP

	A
	8
	2
	18
	16

	B
	12
	3
	12
	10.6667

	C
	16
	4
	9
	8

	D
	24
	6
	6
	5.3333

	E
	36
	9
	4
	3.5556


Since one antenna port is associated with each eREG, the number of eREG per eCCE determines the maximum possible diversity order per eCCE. To obtain diversity gain, we believe that at least diversity order four should be supported for an ePDCCH transmission and since distributed allocation is supported also for a single aggregation level, this means that at least 4 eREG per eCCE is needed which excludes Alternative A and B. 

Figure 1 and 2 below compares alternative C and E, the 16 and 36 eREG per PRB pair cases for a small and large payload respectively and with different aggregation levels (AL). Four PRB pairs were assumed configured for distributed ePDCCH allocations. By multiplying the aggregation level with 4 and 9 eREG per eCCE respectively, the maximal possible diversity order can be calculated, but is shall be noted that it is practically bounded by eight since 2 antenna ports per PRB pair is used and there are 4 PRB pairs. 

For AL=1, using 36 eREG per PRB has an advantage of  1.0 to 1.4 dB over 16 eREG since it has diversity order 8 compared to 4. For higher aggregation levels, the difference is small or none. 


[image: image1]
Figure 1 BLER for 58 bit DCI with 16 and 36 eREG


[image: image2]
Figure 2 BLER for 29 bit DCI with 16 and 36 eREG
When mapping the distributed eCCE to PRB pairs, it is clearly beneficial if the ePDCCH utilize the same number of eREGs in each PRB pair. Otherwise there will be a complicated mapping where some PRB pairs needs to be handled specially. For instance, mapping 9 eREG to 4 PRB pairs should be avoided as in alternative E. 

Therefore, 4 eREG should be mapped to a multiple of 2 PRB pairs and 6 or 9 eREG should be mapped to a multiple of 3 PRB pairs to have an equal distributed of eREGs per used PRB pair for simplicity.  This is one aspect to consider when deciding on the number of eREG per eCCE. Hence, there results shown for 36 eREG per PRB pair in Figure 1 and 2 above are a bit optimistic since mapping to 3 PRB pairs instead of 4 is a more practically realizable approach. Furthermore, when ePDCCH is used, AL=1 is less likely to be used since the code rate becomes too high due to the presence of other signals and channels. Also, distributed allocation of AL=1 ePDCCH is likely to be used only in very high geometries so it should not be given a large impact on the design choices. 

Our preference is to map a distributed allocation to 2 or 4 PRB pairs and use 2 antenna ports per PRB pair. At smaller bandwidth (e.g 1.4 MHz), it is beneficial to be able to reserve only 2 PRB pairs for ePDCCH to avoid excessive overhead. This gives 4th and 8th order diversity for aggregation level two or larger for the two configurations respectively.  Mapping to 3 PRB pairs would imply a slight loss for larger AL since maximum diversity order is constrained to six. Also, mapping to 6 PRB pairs would imply a too large overhead and difficulties to perform intercell interference coordination, particularly for smaller bandwidths. 

Taking into account also the extended CP design, where alternative D and E leads to an unequal number of RE per eREG, our preference is to define 16 eREG per PRB pair and thus 4 eREG per eCCE. Keeping the eREG numerology as a power of two is a factor that should not be underestimated. 

Proposal:  There are 16 eREG of equal size per PRB pair for both normal and extended CP and for normal and special subframes. 

Note that the eREG definition is fixed and contains always 9 (or 8) RE. Then, the number of REs out of these 9 (8) RE available for ePDCCH transmission depends on the legacy control region, number of CRS ports, CSI-RS configuration etc. But the presence of these “other signals” does not change the eREG definition. 
4. Defining the eREG

It is beneficial if all eREG should have approximately the same performance to simplify the CCE link adaptation. Therefore, it is desirable if the presence of CRS, CSI-RS and PDCCH impacts all the eREG approximately equally. Furthermore, the channel estimation is expected to have worse performance close to the edges of the PRB pair and further away from the DMRS and this should also be taken into account to equalize the differences. Therefore, a distributed eREG mapping within the PRB pair would equalize the differences between eREGs. Another desirable feature is power boosting of an ePDCCH, so it should be possible to move energy from empty eREG to used eREG. This basically rules out a TDM design of eREG multiplexing. 

A straightforward eREG to RE mapping that can be easily described is to cycle through the 16 eREGs and map them in frequency direction first over the 12 subcarriers in the resource block and then time direction over the subframe. This gives an even distribution of each eREG over the PRB pair. 

Figure 3 and Figure 4 shows the resulting pattern in the PRB pair for 16 eREG in the normal and extended CP cases respectively, for the normal subframe case. For normal CP, this gives the largest difference between the largest and the smallest eREG sizes of three for all possible number of CRS ports and shifts and all values of CFI. The CSI-RS was not included in this analysis, but since the number of CSI-RS configurations is so large, it would be difficult to further optimize the mapping for these. In addition the CSI-RS is sparse in time and therefore not as important as the other signals.  
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Figure 3 Mapping of numbered eREGs 1-16 to a PRB pair for normal subframe and normal CP. eREG #1 is marked by yellow
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Figure 4 Mapping of numbered eREGs 1-16 to a PRB pair for normal subframe and extended CP. eREG #1 is marked by yellow

Figure 5, Figure 6 and Figure 7 gives the corresponding eREG definitions in special subframes for normal and extended CP respectively. The number of available OFDM symbols depends on the subframe configuration but it should be noted that the last two symbols are not available in any special subframe configuration. Therefore has these RE been marked as grey. 
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Figure 5 Mapping of numbered eREGs 1-16 to a PRB pair for normal CP in special subframe 1,2,6 or 7. eREG #1 is marked by yellow
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Figure 6 Mapping of numbered eREGs 1-16 to a PRB pair for normal CP in special subframe 3,4,8 or 9. eREG #1 is marked by yellow
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Figure 7 Mapping of numbered eREGs 1-16 to a PRB pair for extended CP in special subframe 1,2,3,5 or 6. eREG #1 is marked by yellow

Hence, what is proposed is

Proposal:  The 16 eREGs in a PRB pair are defined as in Figure 3, 4, 5, 6 and 7 for normal and special subframes and for normal and extended CP respectively. 
5. Defining the eCCE

Having the eREG defined as the physical layer building blocks for eCCE, it is then a matter of grouping them to define the eCCE. Since it has been agreed to perform coding chain rate matching around colliding signals, the code rate could be very high in the presence of a large legacy control region and/or a large number of CRS antenna ports. 

To cope with the varying DwPTS sizes in different special subframe configurations, we suggest that non-DwPTS OFDM symbols are handled as “other signals” and hence, coding chain rate matching is performed around these REs. Likewise, if an RB configured to ePDCCH reception is within the center 6 RB, there will be presence of PBCH and PSS, SSS. We propose that also these are handled as “other signals” and coding chain rate matching is performed accordingly. 

Then, to handle the subframes where an eCCE has very few RE available for ePDCCH transmission, there are two approaches to collect more available REs for an ePDCCH:

1. Search space is unchanged but physical layer is modified: An eCCE is obtained by aggregating more than 4 eREG in such subframes. 

2. Physical layer is unchanged: An eCCE is always 4 eREG.  Search space is modified and blind decodes are moved to higher aggregation levels. 

For localized allocation, these alternatives are almost equivalent but for distributed allocation, alternative 2 has some benefit since if one of the multiple assigned PRB pairs contains a PBCH transmissions, it is unclear how an eCCE should be defined. Alternative 2 keeps the physical layer definition of an eCCE unchanged, irrespectively of the presence of “other signals”. Hence, we propose the following:

Proposal:  An eCCE consists of a grouping of 4 eREG for normal and special subframes, for normal and extended CP and for localized and distributed allocations. 
How to group eREG into eCCEs for localized and distributed allocations is FFS and further how to define the search spaces is discussed in [1]
6. Conclusion

Based on the discussion we have the following proposals:

Proposal: The group of REs defined in spatial diversity transmission is the eREG and each eREG index is associated by specification with one antenna port 

Proposal:  An eCCE for localized transmission is formed by grouping of multiple eREGs in the same PRB pair. 
Proposal:  There are 16 eREG of equal size per PRB pair for both normal and extended CP and for normal and special subframes. 
Proposal:  The 16 eREGs in a PRB pair are defined as in Figure 3, 4, 5, 6 and 7 for normal and special subframes and for normal and extended CP respectively. 
Proposal:  An eCCE consists of a grouping of 4 eREG for normal and special subframes, for normal and extended CP and for localized and distributed allocations. 
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