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1. Introduction

In RAN1 68bis, the agreement of ePDCCH is recapped as below:
· 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
When multiple ePDCCHs are transmitted in one PRB pair, UERS ports 7-10 are used to demodulate those ePDCCHs. It is under discussion which UERS port should be used for each ePDCCH. Multiple options have been proposed. This contribution discusses two of them. In the first option, the UERS is determined by the time-frequency locations of the ePDCCH REs [1] as illustrated in Figure 1. The second option is slightly different. The UERS is determined by both the time-frequency locations of the ePDCCH REs and a UE-specific configuration such as the UE ID [2] as illustrated in Figure 2. 
2. Association between ePDCCH and UERS
We recap the two options of interest below. 
Option 1: Implicit determination
It is the most straightforward. The resources in one PRB pair are firstly partitioned into 4 ePDCCH regions. Each ePDCCH region carries one DCI to one (different) UE. The four UERS ports {7, 8, 9, 10} are sequentially assigned to the ePDCCHs, one port for one PDCCH. One such example is shown in Figure 1, where each ePDCCH region comprises three consecutive subcarriers.
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Figure 1. Illustration of Option 1: implicit determination of UERS for multiple eCCEs in one PRB pair.
Option 2: implicit association and a UE-specific configuration [2]
In this option, the previous, implicit assignment in Option 1 only applies to the first UE specific candidate of a candidate set, where a UE searches for its PDCCH within the PRB pair. For example, if the first AGGL1 candidate of a UE uses antenna port 7 (AP7) for its UERS, which is implicitly determined as Option 1, the UERSs of all the remaining AGGL1 candidates for this UE consistently use AP7. For another example, if the first AGGL1 candidate uses AP9, all the remaining AGGL1 candidates use AP9. Figure 2 describes this example.
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Figure 2. Option 2: implicit determination of UERS together with a UE specific configuration.
3. Discussions
In this section we compare the two UE-RS options from different perspectives. Although both options can work, there are noticeable differences in complexities and performance.
3.1 Channel Estimation Complexity
Unlike Option 1 that uses different APs for different decoding candidates, option 2 only uses the same AP for all the blind decoding candidates. The channel estimation complexity can be lower in Option 2 than Option 1 because only one AP is used to estimate the channel in one PRB pair and the receiver doesn’t need to despread the UERS with three other sequences. At higher aggregation level, the complexity can be further reduced by Option 2 since more REs within the PRB pair share the same AP. On one hand, the channel estimation complexity of Option 1 may be a concern since the implementation has to accommodate the maximum number of blind decoding candidates. On the other hand, Option 2 may not be a good solution to reduce the complexity since Option 2 can cause other problems. For example, the beamforming performance can be degraded and restricted as follows. Two UEs can happen to have the same, first candidate for the blind decoding for a PRB pair. In this case, if the eNB has DCIs to be sent to the two UEs, the eNB has to use the same AP over all the blind decoding candidates shared by the two UEs. Although the eNB can put the DCIs of the two UEs on different decoding candidates, i.e. different eCCEs, for reducing interference, the beamforming weights of the two UEs have to the same since they share the same AP. Apparently, the beamforming is not the optimal in this case because the optimal beamforming weights of different UEs are usually different. In contrast, in Option 1, the UEs be individually beamformed as long as their ePDCCHs are transmitted on different eCCEs. In [3] we proposed to change the UERS pattern itself to address the concern of channel estimation complexity. It is a cleaner solution than Option 2.
Observation 1: Channel estimation complexity is a valid concern for implicit UERS determination. However, using option 2 to address this concern restricts scheduling because two UEs can’t be individually beamformed if both UEs decode ePDCCH using the same AP in one PRB pair.
3.2 Support of MU-MIMO
Both options can support MU-MIMO. In Option 1, the most straightforward approach to support MU-MIMO without increasing blind decoding attempts is to use UE specific scrambling sequence. This approach has one drawback. The MU interference induced by the quasi-orthogonal scrambling sequences may degrade the channel estimation performance. However, this loss may be small because MU-MIMO is usually employed by highly correlated antenna arrays whose the MU interference is usually considered small. Therefore, two UEs can be scheduled using MU-MIMO transmission as long as their channels have enough spatial separation.
In Option 2, two UEs can be scheduled using MU-MIMO transmission if the APs of the first blind decoding candidate of the two UEs are different. Compared to Option 1, there is less inter-UE interference in channel estimation due to the orthogonal RS codes of the two UEs. However, this option makes it difficult for AGGL1 interference aware receiver to estimate interference estimation. The reason is the following. The UE estimates the interference covariance matrix of the data REs from the UERSs. However, the UE doesn’t know if there is another UE’s interference on the data REs by observing the UERSs. In other words, if the UE detects two APs from the UERSs, the UE doesn’t know if the two corresponding PDCCHs are on the same CCE or on two orthogonal CCEs. This causes a problem. If the UE assumes the latter case, the UE should compute the interference matrix from the OCC-2 despreaded UERSs [3]. However, if the two PDCCHs are on the same CCE, i.e. MU-MIMO transmission, the UE doesn’t observe the MU-MIMO interference in the despreaded UERSs and suffers in the subsequent data demodulation. 
Observation 2: Compared to Option 1, Option 2 has less inter-UE interference in channel estimation when MU-MIMO transmission is used. However, this opportunistic MU-MIMO using orthogonal UERS can cause a mismatch in interference estimation if UE is observing interference from the OCC-2 de-spreaded UERSs.
3.3 Interference Measurement
For Option 1, we pointed out that it is hard to solve the interference mismatch problem for AGGL1 in Option 1 if the scrambling sequences for two AGGL1 eCCEs are different. But for AGGL2 eCCE, there is no such a problem because the CCEs of different APs are on different frequencies. If the desired and the interfering APs are on the same frequencies, the different scrambling codes ensure the success of interference measurement. In contrast, Option 2 can have a problem because the APs of the desired and the interfering ePDCCHs may or may not be on different frequencies. This is due to the fact that the AGGL2 ePDCCH can use any of the APs {7, 8, 9, 10}, For example, the desired AGGL2 ePDCCH is associated with AP7 and the interfering AGGL2 ePDCCH is associated with AP8 in its neighbouring cell in the same PRB pair. Since AP7 and AP8 are on the same frequencies, this can create the same interference mismatch problem as for AGGL1 discussed in the previous subsection. It’s expected that AGGL2 will be used much more often than AGGL1 on cell edge for both small DCI0/1A and large DCI2C. Therefore, support of interference aware receiver for AGGL2 is even more important than AGGL1. 
Observation 3: Compared to Option 1, Option 2 can cause interference mismatch problem for AGGL2 that is harmful for interference aware receiver.
4. Conclusion
In this contribution we compare two UERS association methods for multiple eCCE sharing one PRB pair. Compared with purely implicit association between one eCCE and one AP, the UE specific configuration assisted implicit association can have several benefits such as reduced channel estimation complexity, less inter-UE interference in channel estimation when MU-MIMO transmission is used. However, the UE specific configuration assisted solution causes new problems such as scheduling restriction and difficulties in supporting interference awareness receiver. We view channel estimation complexity is a valid concern and changing the UERS itself could be a cleaner solution than having one additional UE specific configuration to determine the APs.
Proposal: The UERS is implicitly determined by the time-frequency locations of ePDCCH REs used by corresponding DCI messages. No extra UE specific configuration is needed.
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