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1 Introduction

The basic framework for EPDCCH has been defined and a final evaluation for the EPDCCH BLER loss relative to PDCCH BLER (at least for distributed EPDCCH) can be performed. The sources, and their respective impact, for the worse distributed EPDCCH spectral efficiency (relative to PDCCH) can be identified and mechanisms to reduce their impact should be pursued. Unlike operation with 1 ECCE aggregation level for which the agreed EREG/ECCE structure and TxD scheme result to severe losses relative to PDCCH which cannot be recaptured, significant gains that exceed 1 dB can be obtained for other ECCE aggregation levels through improvements in channel estimation and transmission with full frequency diversity.    
This contribution considers the gains and applicability from interpolating DMRS REs from an antenna port used for distributed EPDCCH transmissions across subframes. Additionally, some outstanding aspects for the EPDCCH DMRS scrambling sequence initialization are considered. 

2 DMRS Interpolation
The BLER of distributed EPDCCH has been shown to be significantly worse than the BLER of PDCCH [1-3]. The degradation exists for all ECCE aggregation levels due to worse frequency diversity, worse TxD, and worse channel estimation. The impact from each of these sources of BLER degradation depends on the ECCE aggregation level. 
Figure 1 presents the PDCCH BLER and the distributed EPDCCH BLER, with and without DMRS interpolation in past subframes, for DCI Format 2C. 
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Figure 1: PDCCH BLER and distributed EPDCCH BLER, with and without DMRS interpolation in past subframes, for DCI Format 2C.

From Figure 1, the following observations can be made for the PDCCH and EPDCCH BLER difference at the various CCE/ECCE aggregation levels. 

1 ECCE aggregation level:  Distributed EPDCCH BLER without DMRS interpolation in past subframes is about 3.9 dB worse than PDCCH BLER! This is almost exclusively due to the ECCE/EREG structure for EPDCCH (maximum frequency diversity order of 4 for 1 ECCE aggregation level) and the TxD method (SFBC for PDCCH vs. per-RE RBF for distributed EPDCCH). Losses from worse channel estimation for distributed EPDCCH have a small impact and using DMRS interpolation in past subframes can improve distributed EPDCCH BLER by 0.3-0.4 dB. 
2 ECCEs aggregation level: Distributed EPDCCH BLER without DMRS interpolation in past subframes is about 2.5 dB worse than PDCCH BLER. The impact of worse TxD for EPDCCH is reduced in this case as the code rate is increased. The impact of worse channel estimation is also moderate and DMRS interpolation in past subframes can improve distributed EPDCCH BLER by about 0.4 dB. The main source for the BLER loss remains the loss of frequency diversity due to the ECCE/EREG structure. Nevertheless, as frequency diversity over 8 PRB pairs is possible (at least system BWs above 3.0 MHz) for 2 ECCEs aggregation level, the distributed EPDCCH BLER can be improved by 0.4 dB [4]. Therefore, the distributed EPDCCH BLER degradation relative to PDCCH can be limited to about 1.7 dB (with each of the 3 sources of degradation contributing about equally).

4 ECCEs aggregation level: Distributed EPDCCH BLER without DMRS interpolation in past subframes is about 2.5 dB worse than PDCCH BLER. Again, the impact of worse TxD for EPDCCH is reduced in this case as the code rate is increased. The impact of worse channel estimation becomes larger as the operating SINR becomes lower and DMRS interpolation in past subframes can improve distributed EPDCCH BLER by about 0.7 dB. Moreover, frequency diversity over 16 PRB pairs (at least for system BWs above 5.0 MHz) is possible for 4 ECCEs aggregation level, and in that case the loss from frequency diversity should become minimal (a gain of about 0.6 dB is observed for frequency diversity over 8 PRB pairs [4]). Therefore, the distributed EPDCCH BLER degradation relative to PDCCH can be limited to about 1.2 dB (with most of it still due to worse channel estimation).

8 ECCEs aggregation level: Distributed EPDCCH BLER without DMRS interpolation in past subframes is about 2.7 dB worse than PDCCH BLER. Channel estimation is the largest source of BLER loss and DMRS interpolation in past subframes can improve distributed EPDCCH BLER by about 1.0 dB. Frequency diversity over 32 PRB pairs is possible (at 20 MHz) for 8 ECCEs aggregation level (a gain of about 0.8 dB is observed for frequency diversity over 8 PRB pairs). Therefore, the distributed EPDCCH BLER degradation relative to PDCCH can be limited to about 1.0 dB (with most of it still due to worse channel estimation).

DMRS interpolation is therefore an important tool in reducing the spectral efficiency loss from using distributed EPDCCH relative to using PDCCH particularly for the larger ECCE aggregation levels which are now more likely. It is also the only tool for improving distributed EPDCCH BLER/coverage for small system BWs where frequency diversity is low and configuring at least 4 PRB pairs for distributed EPDCCH may not be possible or desirable. 

DMRS interpolation can be enabled by a network and may be limited only to the primary set of PRB pairs configured to a UE which is always used when distributed EPDCCH is configured and is the most likely to contain a distributed EPDCCH transmission to a UE [4-6]. In addition to improving spectral efficiency of distributed EPDCCH, the BLER gains from DMRS interpolation in past subframes can also assist in avoiding the use of a 32 ECCE aggregation level which can have a large impact on overhead and blocking probability [7].
A network may complement DMRS interpolation by DMRS power boosting. However, DMRS power boosting may be ineffective as DMRS REs in different cells can be co-located. Additionally, if the power of the 12 unused DMRS REs is allocated to EPDCCH, a BLER gain of about 0.35 dB may, on average, be obtained.  
Proposal 1: A network can configure a UE whether or not to assume the same beamforming from the same DMRS antenna port in different subframes in an EPDCCH set of PRB pairs. 

3 EPDCCH DMRS Scrambling Sequence
The scrambling sequence should allow for spatial re-use of control resources (e.g. for CoMP scenario 4) while also enabling interference randomization for EPDCCHs for different transmission points (e.g. for other CoMP scenarios). 

The above objectives imply that the value of X for the DMRS scrambling sequence generator is UE-specifically configured and a network may therefore choose to use the same sequence for UEs receiving EPDCCHs from the same transmission point(s), thereby enabling antenna port sharing for distributed EPDCCHs and orthogonal MU-MIMO for localized EPDCCHs while it may choose to use different sequences for UEs receiving EPDCCHs from different transmission points, thereby enabling spatial re-use. Given the agreement to use the same scrambling sequence generator for ePDCCH DMRS as for PDSCH DMRS, the values of X should range from 0 to 503. 
DPS CoMP can be supported for localized EPDCCH transmissions and each EPDCCH set is associated with a respective TP [8].  Similar to DPS CoMP for PDSCH, DPS CoMP for EPDCCH can improve decoding reliability. 
Figure 2 illustrates an example for DPS CoMP EPDCCH transmissions where DPS CoMP UE1 is placed in at a similar distance to TP1 and TP2 while non-CoMP UEs, UE2 and UE3, are close to TP2. 

· In Ex1, an EPDCCH for UE 1 may be transmitted from TP1 in one of 2 PRB pairs, where the respective DMRS scrambling is according to (X1, nSCID(1)) and transmitted from TP1 as a result of dynamic point selection (DPS). UE2 and UE3 which are located near TP2 can receive EPDCCH in the same subframe and in the same PRB pairs with  DMRS scrambling according to (X2, nSCID(2)) to enable spatial reuse. 
· In Ex2, an ePDCCH for UE 1 may be transmitted from TP2 in one of 2 PRB pairs, where the respective DMRS scrambling is according to (X2, nSCID(2)). UE2 and UE3 which are located near TP2 can receive EPDCCH in the same subframe and in the same PRB pairs using different DMRS ports for orthogonal DMRS multiplexing. 
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Figure 2: DPS transmissions for EPDCCH
It is noted that even though the number of blind decoding operations a UE performs needs to be split between the two hypotheses for the scrambling sequence initialization in case of DPS CoMP for localized EPDCCH transmissions, which may possibly result to an increase in blocking probability, this is a network implementation aspect and similar to splitting the blind decoding operations for detecting both distributed EPDCCHs and localized EPDCCHs in the same subframe. For example, a network may prioritize EPDCCH transmissions to UEs in DPS CoMP mode and alleviate in this way the increase in the blocking probability.
Conversely, as the motivation for using multiple distributed EPDCCH sets is for dynamic load balancing, a single DMRS scrambling sequence initialization is adequate. 
Finally, if a UE is not configured with a scrambling sequence for the DMRS associated with EPDCCH transmissions (FFS as the only savings are 9 bits of RRC signaling), the physical cell ID is obviously the default choice for X. 

Proposal 2: DMRS scrambling sequence initialization parameters (X, nSCID) are UE-specifically configured separately for each localized EPDCCH set; a single configuration is sufficient for all distributed EPDCCH sets. 
4 Scrambling for EPDCCH information part
In addition to the scrambling sequence of the DMRS associated with an EPDCCH,the scrambling sequence of the EPDCCH information part should also be defined. As agreed in RAN1#68bis, the scrambling sequence generator of DMRS for an EPDCCH is initialized by 
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. This formula cannot be directly applied to the information part of an EPDCCH as it cannot support orthogonal MU-MIMO for EPDCCH transmissions. To effectively reuse the formula for the DMRS scrambling sequence,  the 
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 can be included to differentiate the scrambling sequences for different UEs. Therefore, the scrambling sequence generator for the EPDCCH information part can be initialized by
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Proposal 3: The scrambling sequence generator for the EPDCCH information part is initialized by 
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5 Conclusions

This contribution considered the BLER gains from DMRS interpolation across subframes and the remaining details for the DMRS scrambling sequence initialization. In particular, the following are proposed: 

Proposal 1: A network can configure a UE whether or not to assume the same beamforming from the same DMRS antenna port in different subframes in an EPDCCH set of PRB pairs. 

Proposal 2: DMRS scrambling sequence initialization parameters (X, nSCID) are UE-specifically configured separately for each localized EPDCCH set; a single configuration is sufficient for all distributed EPDCCH sets. 
Proposal 3: The scrambling sequence generator for the EPDCCH information part is initialized by 
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