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1
Introduction

In RAN1#66bis, the following was agreed as a working assumption about downlink DM-RS:

· Same DMRS sequence generator as in Rel-10 is used.
· A UE can be semi-statically configured in a UE specific manner, which initialization values for DMRS scrambling generator are available for dynamic selection.
· Initialization values can be configured to correspond to Rel-10 DMRS. 

· FFS: Introduction of additional orthogonality for DMRS
Basically the open questions include which initialization values can be configured, and whether additional orthogonality needs to be introduced for DM-RS. In this contribution we discuss these two aspects.
2
DM-RS scrambling sequence definition
Current DM-RS scrambling sequence initialization value is written as follows:
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Additionally, DM-RS can be transmitted to a UE either from antenna port 7 or antenna port 8 using the above sequence initialization. Hence, Release 10 provides the eNB with the possibilities to schedule UEs using either orthogonal or quasi-orthogonal DM-RS, and up to four UEs can be co-scheduled within one cell using the combination of both.
For Release 11 and CoMP purposes, these definitions have some limitations, especially considering shared cell ID scenarios. Since there are only two values for 
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and additionally two orthogonal antenna ports that can be allocated for the UE within one cell, the maximum number of co-scheduled UEs within one cell is only four. In shared cell ID scenarios this number clearly becomes a limiting factor and hence from this perspective it would be highly desirable to relax the dependency of the initialization value from the cell ID.
Ideally, the scrambling sequence should enable at least the following:
· Local transmissions within the coverage area of a single point, with inter-point interference randomization.

· Sufficient flexibility for proper support of area splitting gains in shared cell ID scenarios. This means that the number of simultaneously scheduled UEs within one cell coverage should not become limited by the number of possible scrambling sequences and antenna ports that can be configured.

· Intra-point MU-MIMO with orthogonal DM-RS, similar to Release 10 intra-cell MU-MIMO.

· Backwards compatibility with Release 10 UEs such that Release 10 UEs can be co-scheduled with Release 11 UEs also with orthogonal DM-RS.
In contributions submitted to RAN1#67, several approaches for defining the initialization values were discussed. Let us write the initialization value as follows:
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We can then identify at least the following approaches on what kind of initialization values can be configured:
Alternative 1: X is semi-statically configured, and Y=nSCID as in Release 10.
In this approach [1]

 REF _Ref313953422 \r \h 
[2] everything else is unchanged compared to Release 10 except 
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is replaced by configurable value X which may take on values 0 to 503, for example. Hence X works as a “virtual cell ID” and nSCID provides the mechanism to dynamically change the scrambling sequence initialization value. This approach would support three first targets as listed above, i.e. support local single point transmissions including MU-MIMO with orthogonal DM-RS and provide sufficient flexibility in the sequence allocation for shared cell ID scenarios. However, co-scheduling with Release 10 UEs can be done only by configuring 
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semi-statically, which could be too inflexible in particular in the shared cell ID scenario as this would essentially mean trading off the flexibility of configuring different initialization values to Release 10 co-scheduling capability. All UEs which are to be co-scheduled with Release 10 UEs will then have the same two sequences which may clearly be an unnecessary limitation in shared cell ID scenarios.
Alternative 2: Possible values of both X and Y are semi-statically configured.
In this approach the values of X and Y that can be dynamically indicated are configurable. For example, there may be two values of X configured semi-statically, and one of them is indicated in the DCI [3]

 REF _Ref314824212 \r \h 
[4]. Value of Y may be either fixed, it may take on values 0 or 1 similarly to nSCID, or two values may be configured also for Y. Having two possible values configured for X enables co-scheduling with Release 10 UEs with 
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without restricting the other potential value for X further. From this perspective the approach is more flexible than alternative 1. 
Given that two possible values can be configured for X, there does not seem to be any very strong motivation to provide further flexibility by configuring also two possible values of Y with an extra bit in the DCI. Two different scrambling sequences might be enough.
Alternative 3: Use fixed values of 
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and Y=nRNTI.
In this approach UE-specific scrambling is utilized [5], hence the number of scrambling sequences is not a limiting factor. However the orthogonality of DM-RS is lost, hence performance degradation compared to Release 9 and 10 can be assumed for MU-MIMO (see also results in the next section). From this perspective the other alternatives seem more appealing. However, if a joint transmission rank, antenna port and scrambling sequence indication is utilized as in case of DCI format 2C, for higher ranks one could consider using Y=nRNTI.
Additionally, in some contributions submitted to RAN1#67 it was proposed to introduce a separate transmission point ID in the scrambling sequence initialization value definition (point specific initialization) [6]. However such definitions are not necessarily needed as essentially the same support can be provided with UE-specific configuration of the scrambling sequences, i.e. any of the three alternatives above.
Alternative 2 would seem to provide support of all features that we have listed and also provide most flexibility in terms of co-scheduling with Release 10 UEs. Hence our proposal is as follows: 

Proposal: DM-RS scrambling sequence initialization is defined as 
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· UE is semi-statically configured with two values of X, one of which is dynamically indicated in the DCI format.

· Y may be, for example, configured together with each X.

3
Increased orthogonality
Increased DM-RS orthogonality has also been proposed. This would entail enabling signaling to the UE one of antenna ports {7, 8, 11, 13} (OCC4) instead of only one of {7, 8} (OCC2). While the intra-point MU-MIMO use case was already deemed not worth specifying OCC4 during Release 10, we see the potential use case of increased orthogonality in improving receiver performance at cell (point) edge if the DM-RS sequences are coordinated among points. This would improve DM-RS channel estimation performance, also resulting in improved residual interference covariance estimation performance in case of MMSE-IRC receivers. To this end, we simulated both MMSE option 1 and MMSE-IRC performance with quasi-orthogonal sequences, with OCC2 orthogonality (antenna port 7 and 8 coordinated) and with OCC4 orthogonality (antenna ports 7, 8, 11 and 13 coordinated). Simulation methodology was similar to RAN4 enhanced receiver evaluations, i.e. we modelled three interferers in a link simulation where the DIP values for the interferers were chosen based on RAN4 assumptions on 3GPP Case 1 G=0 dB conditional median values (DIP1, DIP2, DIP3 = -2.8 dB, -7.3 dB, -12.6 dB) [7].

In case of quasi-orthogonal RS, each transmission was done using a different DM-RS scrambling sequence. In case of OCC2, the strongest interferer was assigned orthogonal DM-RS (AP8) whereas the other two interferers reused AP7 and AP8 with a different scrambling sequence. In case of OCC4, all transmissions were done using orthogonal DM-RS, i.e. antenna ports {7, 8, 11, 13} were used. We modelled realistic channel as well as realistic interference estimation as required for MMSE-IRC purposes. Detailed simulation assumptions are listed in Appendix A.
Figure 1 shows our results. Especially in case of MMSE option 1 it is clearly visible that while OCC2 gives clear benefits over quasi-orthogonal sequences, OCC4 no longer brings any gain over OCC2. A similar trend is visible in case of MMSE-IRC. Hence basically all of the available gains are obtained already with OCC2 and we do not see a need for introducing increased orthogonality in Release 11.

Observation: Current DM-RS orthogonality with two orthogonal antenna ports is sufficient.
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Figure 1. Performance of MMSE option 1 and MMSE-IRC receivers with OCC4, OCC2 and quasi-orthogonal sequences.
4
Conclusions

In this contribution we have provided our views on DM-RS sequences for Release 11 and CoMP. On the scrambling sequence we have the following proposal:

Proposal: DM-RS scrambling sequence initialization is defined as 
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· UE is semi-statically configured with two values of X, one of which is dynamically indicated in the DCI format.

· Y may be, for example, configured together with each X.

We provided also simulation results on increased DM-RS orthogonality and based on our results we observe:

Observation: Current DM-RS orthogonality with two orthogonal antenna ports is sufficient.
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Appendix A – Simulation assumptions
Table 1: Link simulation assumptions used in the increased orthogonality studies.
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Antenna configuration
	4x2, Xpol, 0.5λ spacing

	Channel model
	SCM Urban Macro NLOS

	UE velocity
	3 km/h

	PDSCH allocation
	50 PRBs

	Transmission scheme
	Closed-loop spatial multiplexing (TM9)

	Codebook for CL-MIMO
	Rel-10 codebook for 4-Tx

	PMI granularity
	Wideband

	PMI reporting delay
	8 ms

	PMI reporting periodicity
	5 ms

	CQI granularity
	Narrowband

	CQI reporting delay
	8 ms

	CQI reporting periodicity
	5 ms

	Number of layers
	Fixed rank-1

	Modulation and coding
	Link adaptation

	Open-loop link adaptation
	Enabled

	HARQ
	Up to 4 transmission attempts

	CSI-RS configuration
	4-Tx CSI-RS, 5 ms periodicity

	CRS configuration
	2 CRS ports

	DM-RS configuration
	Rel-10 DM-RS pattern for rank-1

	Channel estimation algorithm
	CSI-RS: Realistic channel estimation

DM-RS: Realistic channel estimation, no PRB-bundling

	Interference estimation
	DM-RS-based with 1-PRB averaging

	Interfering basestation configuration

	Number of interfering basestations
	3 synchronous basestations

	DIP profile (wrt. total I+N power)
	(DIP1, DIP2, DIP3) = (-2.8 dB, -7.3 dB, -12.6 dB)

	Transmission rank
	Fixed rank-1

	Precoding granularity
	6 PRBs

	Precoding scheme
	Random precoder, per-TTI, per-subband (from Rel-10 4Tx codebook)

	Modulation
	Fixed QPSK

	DMRS configurations
	· Coordinated OCC2 (strongest interferer only)

· Coordinated OCC4 (all interferers)

· No coordination (quasi-orthogonal)
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