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1 Introduction

The following agreement and working assumption on the association between DMRS ports and EPDCCHs were made in RAN1#69: 
	Agreement:

· In localized allocation, each ECCE index is associated by specification with one antenna port 

· In case a DCI message uses multiple ECCEs in the PRB pair, one AP per PRB pair is selected among the associated APs and used for EPDCCH demodulation

· FFS whether the selection is according to the C-RNTI or another UE-specific configuration based rule.

· FFS whether a second AP with the same precoding as the one AP may be configured. 

· Working assumption that the association from ECCE index of different DCIs to AP is a one-to-one mapping for normal CP

· A many-to-one mapping can be considered further

· Consider both normal and extended CP

· Note that details are FFS for the case of only 2 ports being configured in the system

· Note that if it is agreed that the size of a group of REs for the spatial diversity scheme is smaller than a PRB pair, then the above is not applicable if the spatial diversity scheme is used. 

Working Assumption:

· In distributed allocation, at least if spatial diversity is used, each eREG/RE index is associated by specification with one antenna port 

· The associated AP for each used eREG/RE is used for EPDCCH demodulation
· If it is agreed that the size of a group of REs for the spatial diversity scheme is larger than an eREG, then it is FFS whether the antenna port can be the same for multiple eREGs within a PRB pair.


This contribution discusses further details of association between antenna ports and EPDCCH transmissions. 

2 Antenna port for distributed EPDCCH
The latest specification of TS 36.211 [1] captures the spatial diversity for distributed EPDCCH transmissions as “For distributed mapping, the physical resources are given in terms of eREGs. Each resource element in an eREG is associated with one out of two antenna ports in an alternating manner”. One aspect that remains unclear is whether the first RE of each eREG is always associated with the first antenna port or whether all REs available for transmitting distributed EPDCCHs in a PRB pair are associated with one out of two antenna ports in an alternating manner. A minor advantage of the latter interpretation is that it provides an equal rate of association among each of the two antenna ports and each of the REs available for transmitting distributed EPDCCHs in a PRB pair. 
Observation: The exact alternating mapping of each RE in an EREG with one out of two antenna ports needs to be clarified.  

3 Antenna port for localized EPDCCH
For localized EPDCCHs, one ECCE is confined within one PRB pair and a PRB pair may carry multiple EPDCCHs each of which uses one orthogonal DMRS port. A DMRS port is selected based on the ECCE index/location in the PRB pair where the localized EPDCCH is transmitted. The ECCEs can be jointly and continuously indexed so that those ECCEs inside a PRB pair have continuous indices. For example, if a PRB pair includes 4 ECCEs, 4 ECCEs will be assigned with antenna ports 107~110 respectively. This ensures that when 4 EPDCCHs are multiplexed in a PRB pair, each of them can be exclusively associated with an orthogonal DMRS port.
Let’s assume that the DMRS port is determined by the index of the starting ECCE of an EPDCCH candidate, i.e.
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 is the starting index (i.e. the lowest index of the aggregated ECCEs) of EPDCCH candidate m in subframe k. An example of such an ECCE index/location based approach is illustrated in Figure 1. Note that in case of aggregation level 2, even though there are empty ports, they cannot be used for MU-MIMO with this example.
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Figure 1: DMRS port mapping which does not support EPDCCH MU-MIMO
Since there is no further RRC signaling for the EPDCCH DMRS port configuration, we assume that the DMRS port is determined as a function of C-RNTI. Note that C-RNTI is already a part of the legacy search space. According to Rel-10, PDCCH candidate m in subframe k is determined by the following function:
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 is a random variable generated by a hashing function depending on the C-RNTI [2, 9.1.1].
A similar approach, based on the index of an ECCE for an EPDCCH candidate, can be used to determine EPDCCH candidates while jointly determining the DMRS port. It is, of course, UE-specific which ECCE for an EPDCCH determines its DMRS port. 
Figure 2 shows an example of the DMRS port mapping to support EPDCCH MU-MIMO. According to the existing agreement, the DMRS port is determined only by the ECCE of the EPDCCH candidate for aggregation level 1. Since all the UEs will have a DMRS port associated with an ECCE, EPDCCH MU-MIMO is not supported in case of aggregation level 1. For aggregation level 2, different groups of UEs will be assigned different DMRS ports. This transparently enables MU-MIMO of EPDCCHs by transmitting two EPDCCHs on a same pair of ECCEs with different DMRS ports.
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Figure 2: DMRS port mapping which supports EPDCCH MU-MIMO
To enable the above operation, the following is proposed:

Step 1: Generate a random variable of 
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 from the hashing function defined in LTE Rel-8. The C-RNTI and the subframe index 
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Step 2: Transform 
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Step 3: Derive ECCEs and DMRS port for the EPDCCH candidate from the ECCE pointer 
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This is illustrated in Figure 3.
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Figure 3: Proposed procedure of DMRS ports and search space derivation  
Step 3 can be further explained as follows:

· Derivation of the DMRS port: Since each ECCE index is associated by specification with one antenna port, the DMRS port is determined by the ECCE index of 
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 denote the number of ECCEs per PRB pair and the number of DMRS ports for aggregation level L. 
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 is associated with a DMRS port such that
· ECCE 4n is mapped to DMRS port 107.

· ECCE 4n+1 is mapped to DMRS port 108. 

· ECCE 4n+2 is mapped to DMRS port 109.

· ECCE 4n+3 is mapped to DMRS port 110.
· Derivation of the ECCEs: For ECCE aggregation levels 
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The ECCE with the lowest index (leading ECCE) for an EPDCCH candidate can be different than the ECCE indicated by 
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 but the DMRS port is determined by the ECCE indicated by 
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Figure 4: An example of association between DMRS port and localized EPDCCH
Figure 4 shows an example of how to use 
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 in determining the ECCEs and DMRS port of an EPDCCH candidate. In this example, antenna port 108 is selected as the DMRS port by 
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. It is also shown which ECCEs are used to construct the EPDCCH candidate. 
Therefore, the DMRS ports and ECCEs for localized EPDCCHs can be derived from an ECCE pointer 
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 should further consider the search space design [3]. 

Proposal: For a localized EPDCCH candidate, a respective DMRS port is determined as in Equation (1).
In [4], the issue of ECCE aggregation level ambiguity is discussed and two potential solutions are proposed. One is to apply a padding bit to DCI format payloads that can result to ambiguity of the ECCE aggregation level. The other is a design-based solution by having appropriate search space and DMRS port to ECCE mapping designs. The latter is now further considered. 
Let’s assume that the ECCE pointer 
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 is also used to determine the PUCCH resource for an HARQ-ACK signal transmission. The ECCE aggregation level ambiguity problem can be explained by the following example illustrated in Figure 5. In this example, it is assumed that the PUCCH index is given by 
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 is the EPDCCH specific offset. For simplicity, ARI is not included in this example. When the eNB transmits an EPDCCH on Candidate 2, it assumes that the HARQ-ACK response will be  on the PUCCH indexed by
[image: image43.wmf]E

PUCCH

2

N

k

+

. However, if the UE happens to successfully decode the EPDCCH assuming Candidate 1, then the UE will transmit the HARQ-ACK on the PUCCH indexed by 
[image: image44.wmf]E

PUCCH

1

2

N

k

+

+

. 
[image: image45.emf] 

ECCE  2k ECCE  2k+1

ECCE  2k Candidate  0

Candidate  1 ECCE  2k

Candidate  2 ECCE  2k ECCE  2k+1

2k  +  N

PUCCH

2k  +  1  +  N

PUCCH 

2k  +  N

PUCCH 

E

E

E

PUCCH


Figure 5: Illustration of the ECCE aggregation level ambiguity problem
To avoid this problem by design, we can replace 
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[5]. The following example shows how the ECCE aggregation level ambiguity problem resulting to a different PUCCH resource than the one the eNB expects to be used is resolved by this revision:

· UE A has 

· Candidate A0 on ECCE 2k with AP 107 (L=1)

· Candidate A1 on ECCE 2k+1 with AP 108 (L =1)

· Candidate A2 on ECCEs 2k and 2k+1 with AP 107 (L =2) - with 
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 pointing ECCE 2k
· UE B has 

· Candidate B0 on ECCE 2k with AP 107 (L =1)

· Candidate B1 on ECCE 2k+1 with AP 108 (L =1)

· Candidate A2 on ECCEs 2k and 2k+1 with AP 108 (L =2) with 
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The problematic cases with the example are

· Candidate A0 happens to be decoded even though Candidate A2 was actually transmitted.

· This is not an issue because the same PUCCH resource will be used even with this error assuming 
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· Candidate A1 happens to be decoded even though Candidate A2 was actually transmitted.

· The probability of this event will be negligible because AP 108 is be differently precoded.

· Candidate B0 happens to be decoded even though Candidate B2 was actually transmitted.

· The probability of this event will be negligible because AP 107 is differently precoded .

· Candidate B1 happens to be decoded even though Candidate B2 was actually transmitted.

· This is not an issue because the same PUCCH resource will be used even with this error assuming 
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This example showed how the proposal using Equation (1) avoids the impact of the ECCE aggregation level ambiguity problem on the selected PUCCH resource by design.
4 Conclusions

This contribution considered the demodulation reference signals for EPDCCH detections and proposes the following:
Proposal: For a localized EPDCCH candidate, a respective DMRS port is determined as 
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Moreover, the following observation is made

Observation: The exact alternating mapping of each RE in an EREG with one out of two antenna ports needs to be clarified.  
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