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1. Introduction
In RAN1#68bis meeting, the issues regarding the DMRS for EPDCCH were discussed and the following agreement and working assumption were concluded: 

Agreement from RAN1#68bis:
· The same scrambling sequence generator is used for EPDCCH DM-RS as PDSCH DM-RS.

Working assumption from RAN1#68bis:

· The scrambling sequence generator of DMRS for EPDCCH on ports 7~10 is initialized by
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· Details of nSCID and X is FFS.
In this contribution, we present our views about the scrambling sequence for EPDCCH.
2. Discussions
2.1. Scrambling sequence for EPDCCH
 The configurability of scrambling sequence parameters for EPDCCH can support various EPDCCH Tx schemes by a proper combination of DMRS and resource configurations. For example, in a similar manner with PDSCH MU-MIMO operation, EPDCCH MU-MIMO could be possible within a same cell by using same antenna port and different scrambling sequence. This MU-MIMO operation using scrambling sequence could be useful to apply EPDCCH MU-MIMO in aggregation level 1, because it is impossible to assign multiple APs to a same ECCE according to the agreement, i.e. each ECCE index is associated by specification with one AP, in RAN1#69 meeting. 

According to the agreement in previous meeting, different EPDCCH sets can have different characteristics. For example, two EPDCCH sets are configured with one localized EPDCCH set and one distributed EPDCCH set based on the “per EPDCCH set” configuration. In such cases where different EPDCCH sets have different EPDCCH transmission types, it is beneficial if each EPDCCH set is associated with different TP. For example, the distributed EPDCCH set is associated with multiple TPs in order to achieve the inter-TP transmit diversity effect while the localized EPDCCH set is associated with a single TP for the spatial resource reuse. Even when the two EPDCCH sets have the same transmission type, it is still useful to associate the two sets with different TPs because the network can take advantage of the dynamic point selection for the EPDCCH transmissions; the EPDCCH set having a better channel condition is selected for the EPDCCH transmission at each subframe. 
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Figure 1. An example of DPS using scrambling parameters
For example, in Figure 1, two EPDCCH sets (i.e. Set0, Set1) could be configured for UE1, and X0 for Set0 and X1 for Set1 could be configured additionally by higher layer signaling. UE1 can use these scrambling configurations to detect EPDCCH in each EPDCCH set, and better TP for UE1 considering channel condition can be selected UE-transparently by network. Another possible candidate for DPS operation is to use pre-defined multiple scrambling configurations for each EPDCCH set. This method will provide scheduling flexibility to network. But it is not appropriate for EPDCCH, because multiple scrambling configurations increase the number of blind decoding attempts. So scrambling parameter(s) (e.g. X) should be indicated before blind decoding by higher layer signalling, and each EPDCCH set for one UE needs to be able to have different scrambling configuration for adopting various EPDCCH transmission schemes. The companion contribution [1] in CoMP WI proposes that Quasi co-location assumption between EPDCCH DMRS and other RS is configured for each EPDCCH set by higher layer signalling. This proposal is helpful to support EPDCCH DPS operation as mentioned above.
Proposal 1: The configurability of scrambling parameters should be supported by higher layer signaling for applying various EPDCCH transmission schemes.
Proposal 2: EPDCCH set-specific scrambling parameter(s) (e.g. X) should be supported.
2.2. Antenna port bundling
The terminology of ‘AP bundling’ means assuming same precoding for two different DMRS APs. We consider three use cases of AP bundling as follows:

Case 1) When a localized EPDCCH aggregates two ECCEs each of which is associated with AP #a and AP #b, respectively. 

This case can increase the accuracy of channel estimation by high density of DMRS. However, this bundling scheme cannot acquire power boosting gain, and MU-MIMO operation using different AP cannot be implemented. Therefore, AP bundling in high AL candidate is not preferred.

Case 2) When two localized EPDCCHs are transmitted to the same UE with the association with AP #a and AP #b, resprctively.

When UE receives two DCI in a subframe, i.e. DL assignment and UL grant, AP bundling can be useful to increase channel estimation performance. The most straightforward way would be to assume that APs (or DCIs) for one UE can be estimated together if DCIs are included in a bundling region (e.g. within same PRB pair) regardless of antenna port and/or grant type. In another words, if different DCIs are included within a bundling region, UE can assume same precoding is applied to each AP.

Case 3) When only one physical antenna transmits AP #a and AP#b for distributed EPDCCH

AP bundling can be supported for 1 Tx case. If eNB has only one Tx antenna, there are no benefits of EPDCCH using DMRS like beamforming gain and spatial diversity gain. So, in this case, it is desirable that all of the DMRS REs are used for channel estimation. For example, two APs (e.g. port 7 and 9) used for distributed EPDCCH could be assumed to same AP by UEs.
Meanwhile, PRB bundling also might be considered for when ECCEs consisting high AL candidate are distributed to 2 PRB pairs and distance between those PRB pairs is less than a certain bandwidth (e.g. coherent bandwidth). 
Figure 2 shows simulation results for AP bundling and simulation assumptions are shown in Appendix. In this simulation, it is assumed that two DCIs (for example, for UL grant and DL grant, or for cross-carrier scheduling etc.) are transmitted to a single UE with the aggregation level 1 or 2 within a PRB pair. Different antenna port is assigned to different DCI. The “Estimation using one port” means that each DCI is demodulated using an antenna port assigned for that DCI, and “Estimation using two ports” means that each DCI is demodulated using two antenna ports on the assumption that same precoding is used for those two antenna ports. As shown in this figure, the channel estimation performance using AP bundling, i.e. using two ports for channel estimation, has substantial performance gain over the non-bundling case. 
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Figure 2. AP bundling performance
Proposal 3: The AP bundling for improving channel estimation performance should be considered for EPDCCH. 
3. Conclusion
In this contribution, we discuss scrambling sequence and AP bundling. Our views for those issues are as follows:
Proposal 1: The configurability of scrambling parameters should be supported by higher layer signaling for applying various EPDCCH transmission schemes.
Proposal 2: EPDCCH set-specific scrambling parameter(s) (e.g. X) should be supported.
Proposal 3: The AP bundling for improving channel estimation performance should be considered for EPDCCH. 
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Appendix A. Simulation assumption for Figure 2

	Parameter
	Value

	System bandwidth
	10MHz

	Carrier frequency
	2GHz

	Antenna configuration
	2x2

	Channel model
	ITU_PED_A, UE speed: 3km/h

	Tx scheme
	closed loop beamforming

	Codebook
	Rel-10 Codebook for 2-Tx

	PMI granularity
	Wideband

	PMI periodicity
	each 10ms

	Modulation
	QPSK

	DM-RS configuration
	port 7 and 9

	DCI payload
	42 (for DCI) + 16 (for CRC) bits

	eCCE configuration
	L-CCE: 4 eCCEs per PRB pair, 36 REs per eCCE

Interleaved mapping of eCCE in a PRB pair
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