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1. Introduction

At the RAN WG1 #68bis meeting, how to determine an antenna port (AP) of the demodulation reference signal (DM-RS) used for ePDCCH detection was discussed and the following points were agreed upon. 
· At least for localised transmission, the antenna port(s) for ePDCCH is/are determined by a combination of:

· implicit determination from the time-frequency locations of the REs used by the corresponding DCI message, and 

· a UE-specific configuration 

· FFS till RAN1#69 what the configuration comprises (e.g. RRC signalling, UE ID, etc)

· FFS till RAN1#69 whether this applies to distributed transmission

The detailed determination of the APs is left as the remaining issue for localized transmission. For distributed transmission, the AP determination was not sufficiently discussed. In this contribution, we discuss the remaining issue for the case of localized transmission. We also discuss the AP determination considering whether or not to support UE-specific beam-forming for distributed transmission. 
2. DM-RS Configuration for ePDCCH
Two types of DM-RSs are considered. One is a shared DM-RS and the other is a UE-specific DM-RS. First, it should be clarified whether both types of DM-RSs can be supported within a PRB pair. Currently, there is no strong motivation to support it. Hence, a single type of DM-RS, i.e., the shared DM-RS or UE-specific DM-RS, should be assumed within a PRB pair. Such a single type of DM-RS within a PRB pair simplifies the AP determination.
Proposal 1:  Either a shared DM-RS or UE-specific DM-RS should be assumed within a PRB pair.
At least, for the shared DM-RS as discussed in [1], the same DM-RS APs can be shared among multiple UEs regardless of distributed or localized transmission. Therefore, a predetermined DM-RS AP(s) could be used for the shared DM-RS. Detailed usage of the shared DM-RS is also investigated from the viewpoint of the performance in our companion contribution [2]. 

Proposal 2: For the shared DM-RS, a predetermined DM-RS AP(s) should be used irrespective of the transmission scheme.
2.1
AP Determination for Localized Mapping
According to the agreement, the APs are determined by a combination of implicit association with ePDCCH resources, i.e., eREG/eCCE, and a UE-specific configuration. The following two methods are considered.

· Alt. 1: Full implicit determination of DM-RS APs using eREG/eCCE [3] – [6]
A DM-RS AP is implicitly associated with the eCCE within a PRB pair as shown in Fig. 1. Here, we assume that 1 PRB pair comprises 4 eCCEs and 4 PRBs are configured as shown in Fig. 2 [7], [8]. In this method, no blocking among DM-RS APs occurs among the UEs. Furthermore, no signaling is required as long as single-user MIMO is assumed. On the other hand, one major concern was that the UE may need to perform channel estimation using all the DM-RS APs depending on the search space (SS) to be monitored. However, in localized transmission, each SS candidate is located over different PRB pairs as shown in Fig. 2. As a consequence, one or two SSs are located within a PRB pair and only one or two DM-RSs are to be monitored for channel estimation. Therefore, the complexity of the channel estimation is not an issue if the SS is properly designed for localized transmission. Furthermore, since the SS is a UE-specific, a UE-specific feature is also maintained.
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Figure 1 –Full implicit determination of DM-RS APs.

[image: image2.emf]0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

eCCE index

PRB pair #1 PRB pair #4 PRB pair #8 

PRB pair  #10 

1PRB pair

1stslot

2ndslot

0 1 2 3

2 3

0 1

4 5 6 7

6 7 4 5

8 9 10 11

10 11 8 9

12 13 14 15

14 15 12 13

1stslot

2ndslot

1 eREG

SS #1

SS #2 SS #3

SS #4

SS #5 SS #6

PRB pair #1 PRB pair #4

PRB pair #8 

PRB pair  #10 

0 1 2 3

2 3

0 1

4 5 6 7

6 7 4 5

8 9 10 11

10 11 8 9

12 13 14 15

14 15 12 13

1stslot

2ndslot

SS #1

SS #2 SS #3

SS #4

SS #5 SS #6

Aggregation 

level 1

Aggregation 

level 2


Figure 2 – SS for localized transmission.

· Alt. 2: Partial implicit determination of DM-RS APs using eREG/eCCE [1]
In this method, a set of DM-RS APs is assigned to each UE, e.g., via higher layer signaling as shown in Fig. 3. Therefore, the UE does not need to use all the DM-RS APs for channel estimation. Furthermore, since different sets include different DM-RS APs, there is no blocking between different AP sets. In each AP set, the DM-RS AP is implicitly associated with the eCCE within a PRB pair. Since all the DM-RSs cannot be used in each set, there is blocking of DM-RS APs in the set for the case of aggregation level 1. However, the DCI can be allocated to an eCCE associated with a different AP of the same AP set. For instance, AP set 1 is assigned to two UEs and eCCE #1 is occupied by the DCI of UE #1. In this case, although eCCE#2 cannot be used for the DCI of UE #2, eCCEs #3 and #4 are still available to that UE. 

Above, although the AP set is signaled via higher layer signaling, we note that the AP set can be implicitly determined by some UE-specific parameters, e.g., C-RNTI. Comparing these approaches, we have a slight preference for using higher layer signaling since the AP set can be controlled.
Comparing Alt. 1 and Alt. 2, Alt. 1 is superior to Alt. 2 in terms of blocking if the SS for the localized transmission is properly designed. Hence, we have a slight preference for Alt. 1.
Proposal 3: The SS design for localized transmission should be established and full implicit determination of DM-RS APs with eREG/eCCE should be supported.
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Figure 3 – Partial implicit determination of DM-RS APs.
2.2
AP Determination for Distributed Mapping
For the case of distributed transmission, support for the UE-specific beam-forming is more challenging compared to that for localized transmission. For the distributed transmission, many more eCCEs are to be located in a PRB pair to achieve the frequency-diversity gain. For example, eight eCCEs are located within a PRB pair [8]. In this case, both Alts. 1 and 2 are not directly applied to distributed transmission and the issue of AP blocking exists. Therefore, for distributed transmission, the necessity for UE-specific beam-forming should be carefully investigated from the viewpoint of blocking and the performance gain.
Proposal 4: A performance gain from UE-specific beam-forming should be carefully investigated for distributed transmission.
3. Conclusion

In this contribution, we investigated the AP determination for the DM-RS for both localized and distributed transmission. First, we made the following assumptions in the discussion.
Proposal 1: Either a shared DM-RS or UE-specific DM-RS should be assumed within a PRB pair.

Regarding the shared DM-RS, our proposal is the following.

Proposal 2: For the shared DM-RS, a predetermined DM-RS AP(s) should be used irrespective of the transmission scheme.
On the other hand, for the UE-specific DM-RS, we derived the two proposals for localized and distributed transmission.

Proposal 3: The SS design for localized transmission should be established and full implicit determination of DM-RS APs with eREG/eCCE should be supported.

Proposal 4: A performance gain from UE-specific beam-forming should be carefully investigated for distributed transmission.
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