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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 working assumption 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 localised and distributed candidates in the same PRB pair.
In this contribution, we discuss many of the remaining issues with respect to eREGs and eCCEs. The exact physical eREG to RE and eCCE to eREG mapping is discussion in the companion contribution [2].
2. On remaining eREG issues
One of the most important open decisions is whether localized and a distributed ePDCCH parts can be multiplexed in the same ePDCCH as this will influence the design in several respects. In this contribution we will show by the proposed eREG and eCCE definition, that the multiplexing of localized and distributed allocation can be enabled without any adverse impacts!
2.1 eREG needed for localized ePDCCHs?
According to the decision in the previous RAN1 meeting, there is an aim to try to enable multiplexing of localized and distributed EPDCCH in the same PRB pair. The design should therefore enable a definition of localized and distributed eCCEs in a way, that prevents excessive blocking from a localized eCCEs to distributed eCCEs and vice versa. In order to enable this operation, a common framework of the smallest ePDCCH entity/container unit, i.e. the eREG for distributed transmission, providing non-overlapping smallest eREGs would be a first required step to prevent excessive blocking. Therefore, we propose:
Proposal 1: An eCCE for localized transmission is formed by grouping multiple eREGs within a PRB pair. 

Proposal 2: Adopt a common eREG definition for localized and distributed ePDCCH allocation in order to enable efficient multiplexing of these two ePDCCH operation modes.

Having a common eREG definition with respect to localized and distributed allocation, we only now need to take care to use a reasonable eREG to eCCE mapping for the two modes as such. But the first step as such is provided by the two proposals above. 

2.2 eREG size
Based on the decision in the previous meeting, the 144 REs for normal CP subframes (not containing DM-RS) are to be distributed in n equally sized, non-overlapping eREGs (n to be chosen from {8,12,16,24 or 36}). 

Assuming the same eREG mapping principle also for extended CP, we end up with 128 available REs after removing the DM-RS. As we strive for a (as much as possible) common design for extended and normal CP, we show the dependency of eREG size and number of eREGs for both cases in Table 1 and Table 2:
	eREG size
	# of eREGs for Normal CP 
(144REs)
	# of eREGs for Extended CP 
(128 REs)

	4
	36
	32

	6
	24
	Not divisible

	9
	16
	Not divisible

	12
	12
	Not divisible 

	18
	8
	Not divisible


Table 1: Number of eREGs within a PRB pair for normal CP and extended CP as a function of the eREG size

	# of eREGs
	eREG size for normal CP (144REs)
	eREG size for extended CP 
(128 REs)

	8
	18
	16

	12
	12
	Not divisible

	16
	9
	8

	24
	6
	Not divisible

	36
	4
	Not divisible 


Table 2: eREG size as a function of the number of eREGs within a PRB pair for normal and extended CP
Considering, that a smaller eREG size is having the advantage of enabling a better probability of distributing the eREGs in frequency domain for the distributed ePDCCH allocation, we propose to adopt an eREG size of 4 (as in case of legacy PDCCH) also for ePDCCH. With this numerology we have a fixed eREG size and we will end up with 36 eREGs/PRB pair for normal CP and 32 eREGs/PRB pair for distributed CP. 
Proposal 3: Adopt an eREG size of 4 (as in case of legacy PDCCH) for ePDCCH for normal and extended CP as well as localized and distributed allocation.
3. PRB pairs containing PSS/SSS/PBCH

There is large discrepancy of the potential effective eCCE sizes between the PRB pairs in a subframe depending on other signals as PBCH/PSS/SSS. Especially the PRB pairs containing frame synchronization signals (PSS/SSS) and broadcast channel (PBCH) have a much smaller number of REs that can effectively be used for ePDCCH. Moreover, there might be collisions between the DM-RS used for ePDCCH and these legacy signals, which would then require additional standardization effort (i.e. potential different DM-RS structure depending on PSS/SSS with same DM-RS density, complicating the RAN1 specifications/work or simply reduced DM-RS density, creating additional RAN4 demodulation requirements work for ePDCCH).  

In order to simplify the structure and in order to guarantee the ePDCCH completion in Rel. 11, we propose that the UE should not be required to try to decode ePDCCH on PRB pairs and subframes containing PSS, SSS or PBCH. With this assumption, ePDCCH operation is still possible for 1.4MHz carriers in subframes not containing PSS, SSS or PBCH. For wider band carriers, ePDCCH PRB pairs outside the center 6 PRBs can be still used in subframes containing these legacy signals and in other subframes there will be no restriction at all.

Based on this assumption, the number of available REs in each of the PRB pairs available for ePDCCH transmission within a subframe will be exactly the same and not varying in frequency, which will further make simplify the design especially for distributed allocation as well as the combined design of localized and distributed allocations. 

Proposal 4: PRB pairs containing PSS/SSS and PBCH are not used for ePDCCH in that subframe. Therefore, the UE is not required to try to decode ePDCCH on PRB pairs and in subframes containing PSS, SSS or PBCH.
4. eCCE for localized and distributed allocation

4.1 Number of eCCEs within a PRB pair

Due to the need of a common eREG definition also for localized ePDCCH allocation as discussed in Sec. 2 in order to enable sufficient multiplexing of localized and distributed allocations, we would further need to apply the distributed principle of only considering the DM-RS overhead in the eREG mapping also for the distributed case. 

As a consequence, the number of eREGs within a PRB pair with a fixed eREG size will be independent of the overhead of other signals. If we now vary the number of eCCEs with a PRB pair, we would need to have a varying number of eREGs with a eCCE depending on the overhead – and this for normal and extended CP. 

With the proposed common eREG size of 4 for localized & distributed allocation as well as normal & extended CP, the resulting # of eREGs of 36 (for normal CP) and 32 (for extended CP) with an envisioned equal distribution of eREGs to eCCEs would limit the number of potential eCCEs to 2 & 4 (32 eREGs for extended CP is not devideable as such by 3). 
Considering now the only remaining options of 2 or 4 eCCEs / PRB pair, it is unclear why we should enable a varying number of eCCEs within a PRB depending on the overhead between 2 and 4 which will complicate the overall defintions, if the same operation can be simply achieved by aggregating two smaller sized eCCEs to achieve the same basic coding rate. Therefore, we propose to fix the number of eCCEs within a PRB pair to 4 independent on the other signals overhead for simplicity reason.
Proposal 5: Adopt a fixed number of 4 eCCEs within a PRB pair independent of the overhead of other signals for normal and extended CP. 
The eCCE mentioned in here is only a logical eCCE as such. There is still a need to define how the logical eCCE is related with the mapping to the (physical) eCCEs for localized and distributed ePDCCH distribution. This is handled in the following subsections.
4.2 On eCCEs for localized transmission

For localized transmission, a localized eCCE can be directly mapped to a (logical) eCCE in the PRB pair. With this proposal, a localized eCCE for normal CP will contain 9 eREGs (and 36 nominal REs) – as in case of Rel. 8 PDCCH and a localized eCCE for extended CP will contain 8 eREGs (and 32 nominal REs). 
Proposal 6: The localized eCCE directly corresponds to a logical eCCE on a PRB pair. 
The details on the physical eREG to RE and corresponding eREG to eCCE mappings are handled in [2]. 
4.3 On eCCEs for distributed transmission
According to the localized and logical eCCE definition, we propose to utilize the same sized distributed eCCEs as the localized, namely 9 eREGs for normal CP and 8 for extended CP. Depending on the number of available PRB pairs configured for distribution allocation, let’s assume here a N PRB pairs, we can defined in total 4N non-overlapping distributed eCCEs.
In order to define a distributed eCCE mapping that creates the least blocking with the localized eCCEs, it is clearly of advantage to contain the eREGs of one distributed eCCE within the eREGs of a (localized=logical) eCCE. An example mapping that would enable this operation for the case of N=2 and N=4 is given in Figures 2 and 3 for the normal CP, where always N distributed eCCEs are contained within a single logical eCCE with reference to the example localized mapping Figure 1.
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Figure 1: Distributed eCCE definition based on the proposed ePDCCH numerology for normal CP and a distribution over N=2 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 
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Figure 2: 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
This cyclic eREG mapping for distributed eCCEs based on the localized eCCEs can be mathematically formulated as, using the following numerology:

· num_eREG… number of eREGs within a PRB pair (36 or 32)

· eREG(x,y,z) …. z-th eREG of localized eCCE y on PRB pair x
· eCCE_loc_x_y…. localized=logical eCCE y on PRB pair x with
· eCCE_loc_x_y={eREG(x,y,z)}, z=0,…, (num_eREG/4)-1
· N… number of ePDCCH PRB pairs for distributed transmission
· eCCE_distr_m_n … distributed eCCE n contained within eCCE m,  n=0,..,N-1
where the cyclic mapping is then given as: 
eCCE_distr_m_n={eREG((n+z) mod N,m,z)}      z=0,…,(num_eREG/4)-1 





(1)

By using this kind of cycling eREG to distributed eCCE mapping within the localized eCCE indicated in Figures 1 & 2 or Equ. (1) respectivley, the following properties are achieved:

· Each distributed eCCE is having exactly the same other signals / number of effective REs available, as the logical eCCEs (in this case eCCE0) in which they are contained (assuming the same eREG to RE mapping for the different PRB pairs of a single TP)
( An optimized RE to eREG and eREG to eCCE mapping to achieve e.g. an even eCCE size or other properties for the logical eCCEs will automatically be present also for the distributed case. 

· In case some interference randomization is to be applied for the logical=localized eCCEs between the different cells/TPs, the same type of randomization will be present also for the distributed eCCEs
( Also in this respect the optimization for the logical/localized eCCEs are in the same way applicable for the distributed eCCEs

This leads to the following observation: 

Observation: Using a cyclic eREG to eCCE definition within the logical eCCEs for the distributed allocation will retain inference randomization (if desired/enabled) and effective eCCE size properties of the underlying logical eCCEs. 
This is a very desirable property in order to enable a unified ePDCCH design with respect to multiplexing of localized & distributed ePDCCH allocation and we therefore propose:

Proposal 7: Adopt a cyclic eREG mapping for the distributed eCCEs within a eCCE on a PRB pair.
5. Remaining issues with respect to CSI-RS and PRS

As the proposed eREG and eCCE definition is independent of the other signals within the PRB pair (except DM-RS, PSS/SSS & PBCH as noted above), there is as such not an issue from ZP and NZP CSI-RS as well as PRS point of view. 

ZP and NZP CSI-RS are to be user specifically configured for the UE. As both sides (i.e. the network and the UE) will anyhow need to be aware of the configuration, as such code-chain rate matching can be applied. Therefore we propose to confirm the related working assumptions of RAN1#69

Proposal 8: Confirm the working assumption of using code-chain rate matching around the UE-specifically configured ZP and NZP CSI-RS. 
With respect to PRS as this is dealt also for PDSCH through puncturing, we think that a similar approach can be taken. Thus, we therefore do not see a need to specifically handle the PRS with respect to ePDCCH. 
Proposal 9: No PRS related specification effort for ePDCCH is needed. 

6. Conclusions
In this contribution we handle the remaining issues with respect to ePDCCH eREG and eCCE definition, except the detailed physical eREG to RE mapping and eREG to logical eCCE definition, which we discuss in the companion contribution [2]. 
Based on the discussions in this contribution we make the following proposals:

· Proposal 1: An eCCE for localized transmission is formed by grouping multiple eREGs within a PRB pair. 

· Proposal 2: Adopt a common eREG definition for localized and distributed ePDCCH allocation in order to enable efficient multiplexing of these two ePDCCH operation modes.

· Proposal 3: Adopt an eREG size of 4 (as in case of legacy PDCCH) for ePDCCH for normal and extended CP as well as localized and distributed allocation.

· Proposal 4: PRB pairs containing PSS/SSS and PBCH are not used for ePDCCH in that subframe. Therefore, the UE is not required to try to decode ePDCCH on PRB pairs and in subframes containing PSS, SSS or PBCH.

· Proposal 5: Adopt a fixed number of 4 eCCEs within a PRB pair independent of the overhead of other signals for normal and extended CP. 

· Proposal 6: The localized eCCE directly corresponds to a logical eCCE on a PRB pair. 

· Proposal 7: Adopt a cyclic eREG mapping for the distributed eCCEs within a eCCE on a PRB pair.

· Proposal 8: Confirm the working assumption of using code-chain rate matching around the UE-specifically configured ZP and NZP CSI-RS. 

· Proposal 9: No PRS related specification effort for ePDCCH is needed. 
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