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Discussion and decision
1. Introduction
In RAN1#69 we had several agreements related to the mapping of ePDCCH in presence of other signals. Although the list of agreements is quite extensive there are still many FFSs related to the decisions that must be resolved. According to [1] the following agreements were reached:
· 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} (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 addition, there was a WA until RAN1#70 on multiplexing of localized and distributed ePDCCH parts in same PRB pair.

· Aim to include 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. 

· FFS from UE perspective whether a UE can be configured to monitor both localized and distributed candidates in the same PRB pair.
Most of the remaining issues with respect to eREG and eCCE definition we have handled in the companion contribution [2]. In this contribution, we discuss the RE to eREG/eCCE mapping based on the framework of other proposals on the remaining details of [2]. 
2. Framework for RE to eREG/eCCE mapping
We shortly summarize here the proposals made in [2] and based on them set the scene for the discussion on the detailed RE to eREG/eCCE here:
· ePDCCH is not transmitted on PRB pairs containing PSS/SSS or PBCH of subframes containing PSS/SSS/PBCH
· eREG of size 4 will be defined for localized & distributed transmission and normal & extended CP

· 4 logical eCCEs will be contained within a PRB pair independent of the other present signals for normal & extended CP

· Each PRB pair for localized allocation will therefore contain 4 eCCEs with 9 eREGs/36 REs for normal CP and 8 eREGs/32 REs for extended CP

· Based on the suggested distributed mapping within logical eCCEs and using cyclic eREG allocation proposed in [2], we can focus here solely on the RE mapping within a PRB pair without the need to specifically consider the distributed allocations, as the same properties with respect to RE mapping will be present for the distributed contained in one localized eCCE on a PRB pair as the localized eCCE itself. 

3. Properties affected by the RE mapping
When thinking of the properties which are affected by the RE to eREG/eCCE mapping, we would like to highlight here three specific issues to be considered:

· Difference in effective eCCE size (after code-chain rate matching of other signals) of different eCCEs 

· Interference randomization capabilities between cells/TPs
· Spreading the eREGs/eCCE in frequency domain because of decoding performance issues [3]
3.1 Difference in the effective eCCE size
Let us first consider the LTE subframe structure of a normal subframe with normal CP and typical other signals (CRS, PDCCH / starting position of ePDCCH) as shown in Figure 1:
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Figure 1: Normal LTE subframe for normal CP with other signals. The black fields show the DM-RS which are not to be used for the RE to eREG/eCCE mapping. The other colors indicate the example other signals, where “CRS 2” indicates the CRS of 2 antenna ports (i.e. R0/R1), “CRS4” the additional REs used for ports R2/R3, and the green part indicates a potential PDCCH allocations resulting in an ePDCCH starting position in the 4th symbol of slot 0.
In order to demonstrate the effect of the RE mapping on the ePDCCH, let us simply assume a very simple mapping where we separate the eCCEs in frequency & slot in a simple way as indicated in Figure 2: 
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Figure 2: One example RE mapping for the 4 localized eCCEs resulting in rather large difference in effective eCCE size due to PDCCH. 
When taking this simple example mapping and looking at the other signals in Figure 1 assuming 3 PDCCH symbols, we can see that the red&blue eCCEs will have after the removal of other signals only 16 available REs left, which is mainly due to PDCCH – whereas the green & yellow eCCEs would only be effected by CRS will result in 30 available REs – having double the effective size. 
In contrast, a f-domain only mapping as illustrated in Figure 3 would result in exactly the same size considering CRS as well as PDCCH/starting position. 
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Figure 3: One example RE mapping for the 4 localized eCCEs resulting in the same effective eCCE sizes (considering CRS & PDCCH). 

Observation1: The RE mapping has a strong effect on the difference of effective eCCE sizes within a PRB pair. 

We think that it is clearly of advantage of ending up with about the same effective eCCE sizes after removal of other signals present on the ePDCCH PRB pairs, as this will on the one hand simplify the network operation with respect to ePDCCH scheduling (with respect to search space definition) as well as link adaptation/aggregation level selection. Therefore, from RE mapping point of view we make the following suggestion with respect to ePDCCH design:

Proposal1: Strive for similar eCCE sizes after the removal of other signals within a PRB pair and take this into account in the RE mapping design.

3.2 ICIC or Interference Randomization
A lot of focus has been lately spent on intercell-interference coordination in general, which has also been one of the design goals mentioned with respect to ePDCCH. Looking at the ICIC for ePDCCH, two different options here are possible here which have a different interference source with respect to ePDCCH: either a neighbor cell/TP ePDCCH or PDSCH.  
To enable ICIC, different PRB pairs could be configured in neighboring cells for ePDCCH and applying scheduling restrictions on neighbor cell/TP PDSCH, we could basically prevent interference on ePDCCH in that way. This possibility is a matter of ePDCCH region (PRB pair) configuration as such and is not effected in any way by the RE mapping. In this respect, the ePDCCH ICIC would be a coordination of PDSCH-to-EPDCCH interference by PDSCH scheduling restrictions, which we denote here as PDSCH-to-ePDCCH ICIC.
The second option is to enable ePDCCH-to-ePDCCH interference coordination within a PRB pair in case the same PRB pair is utilized for ePDCCH operation in neighboring TPs/cells. This can be done by applying scheduling restrictions on ePDCCH as such, where the network coordinates the interference produced ePDCCH interference for neighbor cell/TP eCCEs. For this option to work, we would need to have the same RE to eCCE mapping in neighboring cells/TPs (resulting in full overlap) to take full advantage of this ePDCCH-to-ePDCCH ICIC.  
In contrast, current PDCCH design has inter-cell interference randomization built in (by means of PCI specific cyclic shift in the interleaver), that will reduce the PDCCH to PDCCH interference level in case we don’t operate at full load. This will have the effect, if e.g. 70% of the PDCCH resources are utilized – on average about 70% of the REs in the neighbor cell will see PDCCH interference from the neighbor cell which will improve the detection probability of DCIs transmitted on PDCCH. A similar operation could be also included in the ePDCCH design as such – so that the ePDCCH-to-ePDCCH interference is randomized. ePDCCH-to-ePDCCH interference randomization is seen also beneficial due to the fact that the ePDCCH transmissions are UE-specifically beamformed, thus giving rise to varying interference power across eCCEs even under full ePDCCH load. The interference randomization might be of advantage, in case tight interference coordination by means of neighbor cell/TP scheduling restrictions is not possible as such. For this to function, we would need to have a different RE to eCCE mapping in neighboring cells in order to distribute the interference of one eCCE (as evenly as possible) over the eCCEs of the neighboring cell/TP as such. We denote this with ePDCCH-to-ePDCCH interference randomization in this respect. 
Both of the mentioned options that effect on the RE mapping – the ePDCCH-to-ePDCCH ICIC and interference randomization have their own usage depending on the envisioned network operation and availability of tight inter-cell interference coordination in the network (e.g. centralized scheduler etc.). A design that will enable both operation modes, interference randomization as well as ICIC, is from our point of view a desirable design goal. As a consequence, we make the following proposal:
Proposal 2: Enable in the design of the RE to eCCE/eREG mapping ePDCCH-to-ePDCCH interference randomization as well as ePDCCH-to-ePDCCH ICIC. 
Considering now the two example mappings presented in Figures 2 and 3, we can see that they will both allow for ePDCCH-to-ePDCCH ICIC (applying the same mapping in neighboring/all cells or TPs) – but the randomization effect is not possible to be covered with this kind of logical, “per-hand” type of RE mapping. Therefore, some randomization function (like an interleaver) will be needed in order to enable ePDCCH-to-ePDCCH interference randomization.
3.3 Decoding performance with respect to f-domain distribution
As we presented in [3], there is a decoding performance difference depending on the location of the REs in the frequency domain. A f-domain mapping as in Figure 3 would result in different decoding performance for the different eCCEs as such. Therefore, some spreading of the REs belonging to one localized eCCE in the frequency domain will guarantee an equal decoding performance for the eCCEs within a PRB pair. 
Proposal 3: One eCCE should be distributed across the whole PRB pair.
4. Concrete RE to eREG/eCCE mapping proposal
In this section we discuss our concrete proposals with respect to RE mapping based on the proposals and assumptions in the previous sections. 

The design is trying to enable the following properties as stated above:
· Similar effective eCCE size within a PRB pairs
· Interference randomization possibilities as well as interference coordination operation within a PRB pair

· Frequency distributed eCCEs within a PRB pair to achieve similar decoding performance 

For the purpose of interference randomization for sure some kind of random interleaver or random “RE mapper” would be needed. Looking at the progress in the detailed RE mapping in RAN1 and considering the rather late state of Rel. 11 in RAN1 (i.e. the last WG meeting), it makes very much sense to utilize also for the RE mapping of Rel. 11 already available building blocks of LTE as much as possible in order to guarantee the timely completion of the ePDCCH related specifications. 
Therefore, we had a look if we couldn’t somehow directly utilize the same Rel. 8 interleaver used to interleave different DCIs on PDCCH as such, namely the one in Section 5.1.4.2.1 of [4] which is also used for PDCCH interleaving operation.
Basically two ways of the mapping can be considered: (i) define the mapping independent of the present other signals as such – or (ii) taking in the mapping the present other signals into account. As we investigate in Appendix A, the RE mapping being independent of other signals being present will result in uneven effective eCCE sizes (although this can be somehow controlled). Nevertheless, we think that the as even as possible effective eCCE sizes within a PRB is the most important of the desired ePDCCH properties, and therefore concentrate on a mapping procedure that is depending on other present signals in the PRB pair. 

The design goal in here is fully focusing on providing equal eCCE sizes after the removal of other signals. In order to do that, we basically interleave the usefull REs in a way that will generate a fixed eCCE size in the end. In order to do that, we need a mapping procedure for the available REs after the removal of other signals that will guarantee the same effective eCCE sizes and then a separate mapping procedure for the remaining REs (that will not contain any ePDCCH data after the code-chain rate matching). This can be expressed in the following steps:
1. The 4 logical eCCEs containing all the eREGs are interleaved in a maximum distance manner. By doing so, this will help to guarantee, that the used eREGs in the mapping to available REs will be about even. So each of the eCCEs will have the same number of eREGs that contain ePDCCH data. Note that each of the eREGs shown here of course contains 4 REs. 
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2. The first step is only guaranteeing, that the same number of usefull eREGs are guaranteed. But to really finally guarantee the same eCCE size, we need to make sure that the number of usefull REs for each of the eCCEs is the same. We achieve this by having a maximum distance interleaver on eREG to RE number level as in the previous section:
· eREG0=[RE0, RE36, RE72, RE108], eREG1=[RE1, RE37, RE73, RE109],…. for normal CP and

· eREG0=[RE0, RE32, RE64, RE96], eREG1=[RE1, RE33, RE65, RE97],…. for extended CP 
3. Reuse the Rel. 8 interleaver of Sec. 5.1.4.2.1 of [4] on a modulation symbol to modulation symbol level on the resulting stream only for really available number of REs and map the data in a frequency first manner to the available REs in that PRB pair
4. Basically the mapping of the remaining REs to the position of other signals as such does not really matter. For illustration purpose we assume a frequency first mapping on order for these remaining REs
A related example mapping assuming 2 CRS ports and 3 PDCCH symbols using the Rel. 8 interleaver with a cyclic shift value initialization of CS=0 is shown in Figures 4 to 6. 
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Figure 4: RE mapping in terms of the RE numbering for 2 CRS ports and 3 PDCCH symbols and normal CP (CS=0 in the Rel. 8 interleaver, 144 REs for the normal CP)
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Figure 5: Resulting eREG to RE mapping for 2 CRS ports and 3 PDCCH symbols and normal CP (CS=0 in the Rel. 8 interleaver, 36 eREGs for the normal CP)
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Figure 6: Resulting eCCE to RE mapping for 2 CRS ports and 3 PDCCH symbols and 
normal CP (CS=0 in the Rel. 8 interleaver)

With this process, as said, each of the resulting eCCEs has equal size of 24 for this overhead case of 2 CRS ports and 3 PDCCH OFDM symbols. The same applied for extended CP, we get an equal size of 20. As we can further see, the eCCEs are nicely distributed also in the frequency domain for the available signals. 
Finally, let us now consider the interference randomization performance of the resulting interleaver and RE mapping, Therefore, we plot the overlap distribution, where the maximum overlap of two eCCEs of different cyclic shifts is illustrated. A value of 1 corresponds to the case that all the REs of two eCCEs with different CS shifts are the same – and 0.5 where 50% of the REs are the same. We plot these statistics considering only the usefull REs in the eCCE (after removal of the other signals) in Figure 7 for normal and extended CP.
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 (b) 
Figure 7. Distribution of eCCE overlap for different cyclic shifts using the normal Rel. 8 
interleaver (32 columns) for extended CP (a) and normal CP (b)

There is some level of interference randomization possible using the Rel. 8 interleaver, as Figure7 indicates – but mostly the eCCEs for different cyclic shift values are overlapping (at least 50%). The reason for this behavior lies in the fact, that there are 32 columns available in the Rel. 8 interleaver of [4]. 32 being a power of two and having the power of two also in the eREG size (=4) etc., the randomization is not working that well. One other way to get around the problem of the Rel. 8 interleaver having 32 columns is to change the number of columns in the interleaver (but then, this would mean that we are not using again the Rel. 8 interleaver as such – and any new different random interleaver would be possible of course possible as well, but would require additional specification attention). By just using the Rel. 8 interleaver but limiting it to 31 instead of 32 columns, the overlap distribution and the corresponding interference randomization capabilities improve significantly, as shown in Figure 8 below.
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 (b) 
Figure 8. Distribution of eCCE overlap for different cyclic shifts using the Rel. 8 interleaver 
with 31 columns for extended CP (a) and normal CP (b)
We believe that the small modification of the Rel. 8 interleaver and the very much improved interference randomization capabilities as such makes sense. Therefore it is proposed to use explained mapping above including the modified Rel. 8 interleaver, that provides same effective eCCE sizes, distribution in the frequency domain as well as good interference randomization capabilities. The related according proposals are formulated as follows:
Proposal 4: Apply a cyclic mapping (maximum distance interleaving) of the eREGs to logical eCCE mapping.
Proposal 5: Apply a maximum distance interleaver also in the first stage eREG to RE mapping

Proposal 6: In the second stage, use a modified Rel. 8 interleaver limited to 31 columns for the allocation of the available useful ePDCCH modulation symbols on the available REs. 
The remaining symbols can mapped in whatever way – preferably in a frequency first manner of the other signals REs. 

For the localized allocation, the logical eCCE in the PRB pair of course corresponds directly with the localized eCCE as such. As we have shown in the companion contribution [2] – using a cyclic eREG to eCCE mapping for distributed transmission within a logical eCCE, we achieve the performance in terms of interference randomization, frequency distribution and effective eCCE sizes as the logical eCCE. So the good performance of Proposals 4 to 6 for logical eCCEs can be guaranteed by using a cycling of eREGs within logical eCCEs as shown in [2] and illustrated in Figure 9.


[image: image6.png]eCCEl eCCE2 eCCE3





Figure 9: Distributed eCCE definition based on the proposed ePDCCH numerology for normal CP and a distribution over N=4 PRB pairs (eREG size = 4, 4 eCCEs/PRB pair, 9 eREGs / eCCE) – where the different colors indicate the different distributed eCCEs and are contained within a single logical eCCE on a PRB pair.

For completeness we therefore repeat the corresponding proposals on eCCE definition for localized and distributed ePDCCH allocation with respect to the logical eCCEs in here:

Proposal 7: Adopt a cyclic eREG mapping for the distributed eCCEs within a single logical eCCEs on a PRB pair.
Proposal 8: The localized eCCE directly corresponds to a logical eCCE on a PRB pair. 

5. Interference Randomization Configurability
In the previous sections we discussed the need to do ePDCCH-to-ePDCCH interference randomization and showed the indicators of the interference randomization capabilities in general in Sec. 4 as part of our RE to eREG/eCCE mapping proposal. 

Of course in order to get the interference randomization capabilities, a different cyclic shift would need to be configured for different TPs/cells if this is intended. If we would like to get ePDCCH-to-ePDCCH ICIC capabilities, by configuring the same cyclic shift in neighbor TPs/cells, the same RE mapping will apply which enables full intercell/TP ICIC as such. 

For the network operation to be able to choose between the two options, the cyclic shift in the RE mapping would need to be configurable. In case no cyclic shift is configured as part of the ePDCCH configuration for the UE, the UE should assumed the cell-ID/PCI to be used for the cyclic shift (as is also done for PDCCH and PDSCH). 

Correspondingly we suggest:

Proposal 9: Enable configurable cyclic shift for the RE mapping interleaver in order to enable configurable ePDCCH-to-ePDCCH interference randomization as well as ePDCCH-to-ePDCCH intercell interference coordination.
Proposal 10: If no cyclic shift is configured for the UE, the UE will assume the cell-ID specific cyclic according to Rel. 8 interleaver operation.
6. Conclusions

In this contribution we discuss the RE to eREG/eCCE mapping. The RE mapping should have 3 desired properties as such given by:

· Proposal 1: Strive for similar eCCE sizes after the removal of other signals within a PRB pair and take this into account in the RE mapping design.
· Proposal 2: Enable in the design of the RE to eCCE/eREG mapping ePDCCH-to-ePDCCH interference randomization as well as ePDCCH-to-ePDCCH ICIC. 
· Proposal 3: One eCCE should be distributed across the whole PRB pair.
From which we believe, the first one of having as equal as possible effective eCCE sizes is the most important one. 

Based on these requirements we presented a RE mapping procedure, that provides very good performance in these respects, that is taking in the mapping of the REs the other present signals into account. Accordingly, we make the following related proposals on the detailed RE to eREG and logical eCCE mapping:

· Proposal 4: Apply a cyclic mapping (maximum distance interleaving) of the eREGs to logical eCCE mapping.

· Proposal 5: Apply a maximum distance interleaver also in the first stage eREG to RE mapping

· Proposal 6: In the second stage, use a modified Rel. 8 interleaver limited to 31 columns for the allocation of the available useful ePDCCH modulation symbols on the available REs. 
· Proposal 7: Adopt a cyclic eREG mapping for the distributed eCCEs within a single logical eCCEs on a PRB pair.
· Proposal 8: The localized eCCE directly corresponds to a logical eCCE on a PRB pair. 
Finally, in order for the network to enable either ePDCCH-to-ePDCCH interference randomization or ICIC for the PRB pairs containing ePDCCH, the following proposals would need to be agreed:

· Proposal 9: Enable configurable cyclic shift for the RE mapping interleaver in order to enable configurable ePDCCH-to-ePDCCH interference randomization as well as ePDCCH-to-ePDCCH intercell interference coordination.
· Proposal 10: If no cyclic shift is configured for the UE, the UE will assume the cell-ID specific cyclic according to Rel. 8 interleaver operation.
References
[1] RAN1 chairman’s meeting minutes of 3GPP RAN1#69 meeting
[2] R1-123650, “eREG / eCCE definition for ePDCCH”, Nokia, Nokia Siemens Networks, RAN1#70, Quingdao, China, Aug. 2012
[3] R1-122423, “CCE and REG definitions for ePDCCH”, Nokia, Nokia Siemens Networks, RAN1#69, May 2012

[4] 3GPP TS 36.212: "Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and channel coding".
Appendix A: RE mapping independent of other signals 
In case the same effective eCCE size is the most important in the design goal, then the interleaver in the RE mapping should only consider the available REs after removal of other signals as shown in Sec. 4. When using some (random) interleaving on all REs after removal of DM-RS only (144 for normal CP and 128 for extended CP), the eCCE sizes will vary depending on exact structure of other signals in that PRB pair. 

We nevertheless would like to illustrate this behavior here in the Appendix for completeness and in order to help the related RAN1 decision making. 
In order to do that, we assume the following operation: 

1. The 4 logical/localized eCCEs containing all the eREGs are input to the interleaver in consecutive manner. The first 9 eREGs belong to eCCE0, the 2nd 9 consecutive eREGS to eCCE1 and so on for normal CP, in case of extended CP we end up with 8 consecutive eREGs as such. Note that each of the eREGs shown here of course contains 4 REs. 
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2. Reuse the Rel. 8 interleaver of Sec. 5.1.4.2.1 of [4] on a modulation symbol to modulation symbol level (instead of eREG level as in case of PDCCH) in different variants as discussed below

3. Map the output of the interleaver to the REs of the PRB pair (except the REs containing DM-RS) in a frequency first manner
This simple 3 step mapping of logical eCCEs to PRB pairs reuses a lot of the PDCCH operation as such (which in one sense is desirable), but of course most important are the properties of the resulting RE to eREG and RE to eCCE mapping here. In this respect, let us consider a few variants for step 2 that from our investigations lead to desirable properties as such. Again, we try to utilize the same methodology for normal CP and extended CP as such. 
Using the Rel. 8 type of interleaver with its 32 columns, we get (slightly) varying eCCE sizes for normal and extended CP depending on the exact structure of the available other signals. But for the extended CP, having an eREG size of 32 and 4x32 REs in a PRB pair, we fully loose the option of interference randomization as such as the eCCEs of neighbor cells are fully overlapping although the eREG to RE mapping from TPs with different cyclic shifts in the Rel. 8 interleaver would be randomized. 
In order to improve the design with respect to the interference randomization capabilities, we combine the Rel. 8 interleaver with another maximum distance interleaver according to 

· eREG0=[RE0, RE36, RE72, RE108], eREG1=[RE1, RE37, RE73, RE109],…. for normal CP and

· eREG0=[RE0, RE32, RE64, RE96], eREG1=[RE1, RE33, RE65, RE97],…. for extended CP 

and then apply the Rel. 8 interleaver with (potentially) different cyclic shifts in the interleaver, we can achieve the following properties. First let us show two example resulting eCCE to RE mappings according to this operation in Figure A1 for normal CP and Figure A2 for extended CP.
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Figure A1. Resulting eCCE to RE mapping for CS=0 (a) and CS=90 (b) for normal CP
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Figure A2. Resulting eCCE to RE mapping for CS=0 (a) and CS=90 (b) for extended CP

In Figures A1 & A2, the colors orange, brown, green and light blue indicate the REs of the different resulting eCCEs. The dark blue areas with the yellow stars indicate the DM-RS positions within the subframe, which are not to be used for the RE to eREG & eCCE mapping. As we can see, the eCCEs are distributed in time and frequency – which fulfills the requirement related to the decoding performance (distribute the eCCEs in frequency domain). 

Next let us look, how the resulting eCCE sizes will look like for the different possible cyclic shifts of the Rel. 8 interleaver for some assumed example other signals overhead:

· 2 CRS antenna ports are assumed to be present

· PDCCH with 3 symbols

With this overhead, we get the following distribution on the effective eCCE sizes with the varying CS for normal and extended CP shown in Figure 5a and 5b.
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Figure A3: Effective eCCE size distribution for normal CP (a) and extended CP (b) assuming other signals present (2 CRS ports, 3 PDCCH symbols)

As we can see from Figure A3, depending on the CS of the Rel. 8 interleaver, the effective eCCE sizes are varying, but still closer to the 24 REs and 20 REs that would result in a fully even distribution compared to the cases illustrated in Sec. 2. 

Let us also consider the interference randomization performance of the resulting interleaver, which combines a maximum distance interleaver with the Rel. 8 type of interleaver as such. Therefore, we plot the overlap distribution, where the maximum overlap of two eCCEs of different cyclic shifts is illustrated. A value of 1 corresponds to the case that all the REs of two eCCEs with different CS shifts are the same – and 0.5 where 50% of the REs are the same. As it is not just of interest, how this looks nominally (without the removal of other signals), we plot these statistics also for the other signals assumptions above (2 CRS ports & 3 PDCCH symbols present) in Figures A4 & A5 for normal and extended CP.
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Figure A4. Distribution of eCCE overlap for different cyclic shifts for normal CP. 
(a) no other signals present and (b) 2 CRS ports and 3 PDCCH symbols present
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 (b) 
Figure A5. Distribution of eCCE overlap for different cyclic shifts for extended CP. 
(a) no other signals present and (b) 2 CRS ports and 3 PDCCH symbols present

As we can see from the figures above, when combining the Rel. 8 interleaver with a maximum distance interleaver as noted above, we can achieve good interference randomization for normal CP, with extended CP the interference randomization capabilities are there, but not on a very good level as from numerology point of view the 32 columns in the Rel. 8 interleaver somehow conflict with the 32 REs / eCCE and 128 REs in total for the extended CP as such.

One other way to get around the problem of the Rel. 8 interleaver having 32 columns is to change the number of columns in the interleaver (but then, this would mean that we are not using again the Rel. 8 interleaver as such – and any new different random interleaver would be possible as well). We just e.g. using the Rel. 8 interleaver but limiting it to 31 instead of 32 columns, the numerology problem is gone as such and there is no need to have the maximum distance interleaver in addition. We show this in the following Figures similar to Figures A1 to A5 for the 32 column two-stage interleaver. 
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Figure A6. Resulting eCCE to RE mapping for CS=0 (a) and CS=90 (b) for normal CP
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Figure A7. Resulting eCCE to RE mapping for CS=0 (a) and CS=90 (b) for extended CP
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Figure A8: Effective eCCE size distribution for normal CP (a) and extended CP (b) assuming 
other signals present (2 CRS ports, 3 PDCCH symbols)
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 (b) 
Figure A9. Distribution of eCCE overlap for different cyclic shifts for normal CP. 
(a) no other signals present and (b) 2 CRS ports and 3 PDCCH symbols present
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 (b) 
Figure A10. Distribution of eCCE overlap for different cyclic shifts for extended CP. 
(a) no other signals present and (b) 2 CRS ports and 3 PDCCH symbols present

Comparing to the case above, the Rel. 8 interleaver being restricted to 31 columns without any kind of additional interleaving needed achieves:

· Similar distribution in the frequency domain

· Improved even effective eCCE sizes (40% having the mean size for normal CP, more than 50% for extended CP) when comparing Figures A3 & A8.

· Much improved interference randomization capabilities – especially for the extended CP comparing Figure A10 to Figure A5

