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1 Introduction
In 3GPP RAN1 #63bis, work on the CoMP study item was initiated and the following four CoMP scenarios were agreed [1]:
· Scenario 1: Homogeneous network with intra-site CoMP.
· Scenario 2: Homogeneous network with high power remote radio heads (RRHs).
· Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage.
· Scenario 4: Network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell ID as the macro cell.
Based on the discussions and the performance evaluation results in the CoMP study item phase, RAN1 reached the following conclusion [2]:
· CoMP can offer performance benefits in homogeneous networks (scenarios 1 and 2)
· CoMP shows performance benefits in heterogeneous networks (scenarios 3 and 4)
In view of the observed results, it was decided to specify support of DL CoMP operation for all CoMP scenarios 1 through 4 in RAN #53 [3]. This contribution summarizes Samsung’s view on enhancement of DMRS scrambling in order to efficiently support DL CoMP operations.

2 Legacy DMRS Scrambling
DMRS is scrambled using a sequence generated from a cell specific initial state as shown in the following equation. 
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where the pseudo-random sequence 
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at the start of each subframe. Therefore, two cells with different Cell-IDs have DMRSs which are scrambled differently and consequently achieves the intended interference randomization effect.

For scenarios 1, 2 and 3, the DMRS scrambling based on the initial state of equation (2) would result in DMRSs from different RRHs to be scrambled with different sequences and would achieve interference randomization. On the other hand, MU-MIMO with orthogonal DMRS can only be scheduled for the UEs connected to the same cell, which reduces scheduling flexibility.

For scenario 4, the current method of scrambling would result in DMRSs from different transmission points (TPs) using the same cell ID to be scrambled with the same sequence. This helps to facilitate macro-wide MU-MIMO with orthogonal DMRS. However, at the same time, this could cause the following issues:

· Unless tight inter-TP scheduling coordination is employed, two TPs may happen to schedule the same scrambling ID (SCID) and DMRS antenna port (AP) for two different UEs. When this happens, the interfering DMRS coherently add and degrade the channel estimation performance. 

· In the macro area, only up to 4 UEs’ DMRS can be orthogonally/non-orthogonally multiplexed, when all the 4 UEs receive a rank-1 transmission.

· In the macro area, frequency reuse of two higher rank transmissions (rank>=3) from two RRHs cannot be reliably realized due to the coherent addition of the interfering DMRS from the interfering RRH.

Therefore, in order to facilitate inter-cell MU-MIMO with orthogonal DMRS in scenarios 1, 2, 3 and DMRS interference randomization in scenario 4, a modified scrambling scheme not depending on Cell-ID is necessary. In the sequel, only CoMP scenario 4 is considered for simplicity of presentation; however the proposed DMRS scrambling methods are also applicable for all CoMP scenarios. 

3 Transmission point (TP) specific DMRS Scrambling 
With the support of CoMP, TPs can be adaptively assigned to a particular UE depending on the UE’s channel condition and the system’s traffic condition. For example, if the UE is located on the boundary of two TPs and the resource utilization of the system is low, an eNB might decide that the wireless resources from multiple TPs should be assigned to this UE. If the UE is close to a particular TP and has a good geometry, the eNB might decide to only allocate wireless resources from a single TP. If the UE is close to a particular TP and has a good geometry, and at the same time there is another UE close to the same TP, then the eNB might decide to allocate wireless resources from the TP to both UEs (i.e., MU-MIMO). It is noted that there are two cases for MU-MIMO multiplexing with a Release 11 UE: MU-MIMO for two or more Release 11 UEs, and MU-MIMO for a Release 9/10 UE and a Release 11 UE. In short, the DMRS enhancements should be flexible enough to facilitate all the following transmissions: 

· TP-specific local transmissions;

· MU-MIMO transmissions for two or more Release 11 UEs;

· MU-MIMO transmissions for a Release 9/ 10 UE and a Rel-11 UE;
With the scrambling sequence initialization state of (2), only two DMRS sequences are available for one Cell-ID. Accordingly, when more than two UEs from different TPs with the same Cell-ID are to be simultaneously scheduled on the same PDSCH resource as shown in Figure 1, additional DMRS scrambling is needed for interference randomization.
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Figure 1. Data transmission from multiple TPs being supported under the same Cell-ID.

For TP-specific local transmissions with interference randomization, TP-specific DMRS scrambling initialization should be considered. TP-specific initialization states for scrambling sequence generation can be obtained by adopting the following initial state for DMRS in Release 11:
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where the different values of either 
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 is allocated to different TPs. Using such TP-specific scrambling, it would be possible to efficiently transmit for different UEs across different TPs while achieving interference randomization between neighboring TPs. Additionally, MU-MIMO of Release 11 UEs from the same TP can be supported with orthogonal DMRSs since the scrambling is TP-specific.
The exact methods of generating and signalling TP-specific DMRS scrambling initialization are FFS. Some alternative signalling methods are listed below.

· Alt 1: Explicit RRC configuration of the TP-specific DMRS scrambling initialization parameter. 

· eNodeB has a greater freedom to choose and signal the initialization parameter, at the expense of additional signalling overhead. 

· Alt 2: Implicit configuration of the TP-specific DMRS scrambling initialization parameter determined by the CSI-RS configuration of the associated reference (or primary) TP.

· As eNodeB has to configure a set of CSI-RS transmission parameters (CSI-RS pattern, period and subframe offset) of an associated TP to a UE for UE’s DL CSI and RSRP measurements, no additional signalling is required for configuring TP-specific DMRS scrambling initialization. 

Proposal 1: Support TP-specific scrambling to achieve interference randomization between TPs having the same Cell-ID. Study methods of generating and signalling TP-specific DMRS scrambling initialization for facilitating TP-specific local transmissions.
Another aspect that needs consideration for efficient support of CoMP scenario 4 is the MU-MIMO transmission for Release 11 and Release 9/10 UEs. For a UE in CoMP scenario 4, it can be co-scheduled with either a Release 9/10 UE or a Release 11 UE. As explained above, it is beneficial to support a TP-specific DMRS scrambling for Release 11 to achieve interference randomization between neighbouring TPs. However, for the case when a Release 11 UE is co-scheduled with a Release 9/10 UE, it could be beneficial to use the legacy Cell-ID based scrambling in order to maintain DMRS orthogonality. In other words, depending on the scheduling decision, one scrambling initialization state could be more beneficial than the other as summarized in the following table:
Table 1. Potential use cases for legacy scrambling and proposed TP-specific scrambling.

	Legacy Cell-ID Based Scrambling
	TP-specific Scrambling

	MU-MIMO transmission to Release 11 UE and Release 9/10 UE
	SU-MIMO transmission to Release 11 UE

	
	MU-MIMO transmission to multiple Release 11 UEs


Since the determination of scheduled UE(s) and SU/MU-MIMO transmission is a scheduler decision which is made in a dynamic manner, a Release 11 UE should support means of dynamically switching between the legacy Cell-ID based scrambling initial state and the TP-specific scrambling initial state. Therefore, for flexible MU-MIMO scheduling and dynamic change of DMRS scrambling initial state, introduction of RAN1 signalling to indicate a DMRS scrambling initialization state to be used in the current subframe out of multiple candidate DMRS scrambling initialization states is preferable. Another reason to support dynamic configuration of DMRS scrambling initialization states would be to efficiently support dynamic point selection as depicted in the figure below:
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Figure 2. Different MU-MIMO transmissions resulting from different scheduling decisions.
In Figure 2, it is assumed that the network employs dynamic point selection to improve the performance of UE1. In doing so, the scheduler can decide to transmit from either TP1 or TP2 as shown under ‘Scheduling Decision 1’ and ‘Scheduling Decision 2’, respectively. Consequently, it would be necessary to switch UE1’s scrambling between those of TP1 and TP2 in order to support orthogonal DMRSs in MU-MIMO transmission. Note that this requirement is not only necessary for CoMP scenario 4 but for all CoMP scenarios.
Proposal 2: Study methods for dynamic configuration of DMRS scrambling for flexible MU-MIMO scheduling. 
4 Conclusion
This contribution summarizes Samsung’s view on the enhancement of DMRS scrambling in order to efficiently support DL CoMP operations. Following proposals were made:
Proposal 1: Support TP-specific scrambling to achieve interference randomization between TPs having the same Cell-ID. Study methods of generating and signalling TP-specific DMRS scrambling initialization for facilitating TP-specific local transmissions.
Proposal 2: Study methods for dynamic configuration of DMRS scrambling for flexible MU-MIMO scheduling. 
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