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1. Introduction
In RAN1#66bis, enhancement of downlink DMRS sequence for CoMP was discussed. RAN1 decided working assumption as follows [1]. This contribution discusses the possible definitions of initialization value for the scrambling sequence of DMRS.
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2. Discussion

2. Discussion
A Rel-10 scrambling sequence for antenna port 7-14 DMRS is defined by
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The pseudo-random sequence generator is initialized with.
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According to the above equation, the initialization value of DMRS sequence is selected based on 
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For CoMP scenario 4, a collision of the same DMRS sequences may occur among transmission points (TPs) within a network generated by the use of the same cell ID and the same 
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value. The collision may have an impact on the channel estimation accuracy in the use of the DMRS this case, i.e. DL transmissions from multiple TPs. Therefore, a flexible configuration/allocation of the DMRS sequences (e.g. flexible configuration of cinit) is necessary to avoid the same DMRS collision in CoMP scenario 4.

As for the enhancement of initialization of the DMRS sequence, several enhancements have been proposed. In this contribution, we categorized the initialization enhancements into the following three types of alternatives.
Alt. 1: Adding a semi-statically configured parameter to legacy cinit
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Alt. 2: Replacing a cell ID in Cinit with a semi-statically configured parameter
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Alt. 3: Replacing a cell ID and a scrambling ID in cinit with two sets of semi-statically configured parameter, which can be dynamically selected
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We discuss the pros and cons among these alternatives from the viewpoints of a scheduling related impact and a cell ID resource.
2.1 The difference among different definition of initialization value
In this section, we discuss the scheduling related impact, especially focusing on the MU-MIMO with an orthogonal DMRS sequences using antenna ports 7 and 8. We also assume the following configurations for each alternative as possible parameters which are semi-statically configured.
· Alt 1

· Configuration 1-A: the same configuration as Rel-9/10, e.g. X=0

· Configuration 1-B: different configuration from Rel-9/10, e.g. X(0

· Alt 2

· Configuration 2-A: the same configuration as Rel-9/10, e.g. X=NcellID
· Configuration 2-B: different configuration from Rel-9/10, e.g. X(NcellID
· Alt 3

· Configuration 3-A: both sets of X/Y are the same configuration as Rel-9/10, e.g. {X0,Y0}={NcellID,0}, {X1,Y1}={NcellID,1}

· Configuration 3-B: both sets of X/Y are different configuration from Rel-9/10, e.g. {X0,Y0}({NcellID,0}, {X1,Y1}({NcellID,1}

· Configuration 3-C: one set of X/Y is the same configuration as Rel-9/10 and another set of X/Y is different from Rel-9/10, e.g. {X0,Y0}={NcellID,0}, {X1,Y1}({NcellID,1}

In each alternative, we assume that each configuration is semi-statically configured by an eNB. Two detail examples are shown in figure 1 and 2, and the difference among alternatives is also discussed in these figures.
Examples of possible DMRS sequences for Alt.1 and Alt.2
Figures 1 shows an example of possible DMRS sequences which obtained from the semi-statically configured parameters, when there are Rel-10 UEs and Rel-11 UEs. In Figure 1, we assume 16 UEs are in a CoMP set and UE#1 through UE#4 are assumed as Rel-10 UEs and UE#4 through UE#16 are assumed as Rel-11 UEs. Therefore, we assume 25% UEs are Rel-10 UEs and 75% UEs are Rel-11 UEs in this CoMP set.
In this figure, we assumed that the initialization value cinit for Rel-11 UEs are configured based on Alt.1 scheme or Alt.2 scheme.
For example, in one configuration (i.e. configuration 1-A or 2-A), UE#5-8 are configured with Rel-10 cinit so either one of the UE#5-8 can be multiplexed with either one of the Rel-10 UEs, i.e. UE#1-4 in this figure, by using complete orthogonal DMRSs for MU-MIMO.
In another configuration (i.e. configuration 1-B or 2-B), UE#9-12 are configured with Rel-11 cinit with parameter 1 and UE#13-16 are configured with Rel-11 cinit with parameter 2.

These configurations (i.e. configuration 1-A/2-A or 1-B/2-B) are configured by eNB semi-statically and even within the configuration, it is semi-statically configured which parameter (e.g. parameter 1 or 2 etc) is used for a UE.
Within each configuration, eNB can indicate a UE to which nSCID or which antenna port will be used dynamically.
For example, UE#5 is indicated to use either nSCID equals zero or one and UE#5 is also indicated to use either antenna port is 7 or 8. That kind of behavior is shown by using gray arrows in figure 1.
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Figure 1: An example of semi-statically configured cinit for each UE in a CoMP set (Alt.1 or Alt.2)
Examples of possible DMRS sequences for Alt.3
Figure 2 also shows an example of possible DMRS sequences which obtained from the semi-statically configured parameters, when there are Rel-10 UEs and Rel-11 UEs. In figure 2, we also assume 16 UEs are in a CoMP set and UE#1 through UE#4 are also assumed as Rel-10 UEs and UE#4 through UE#16 are also assumed as Rel-11 UEs. Therefore, we assume 25% UEs are Rel-10 UEs and 75% UEs are Rel-11 UEs in this CoMP set. These assumptions are the same as figure 1.
In this figure, we assumed that the initialization value cinit for Rel-11 UEs are configured based on Alt.3 scheme. 
For example, in one configuration (i.e. configuration 3-A), UE#5-6 are configured with Rel-10 cinit so either one of the UE#5-6 can be multiplexed with either one of the Rel-10 UEs, i.e. UE#1-4 in this figure, by using complete orthogonal DMRS for MU-MIMO.

In another configuration(i.e. configuration 3-C), UE#7-10 are configured with Rel-11 cinit and UE#11-16 are configured with Rel-11 cinit with parameter 2 in another configuration (i.e. configuration 3-B).

Within each configuration, eNB can indicate a UE to use a specific nSCID or a specific antenna port dynamically as the same as figure 1.

For example, UE#7 is indicated to use either nSCID equals zero or one and UE#7 is also indicated to use either antenna port is 7 or 8. That kind of behavior is shown by using gray arrows in figure 2. 
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Figure 2: An example of semi-statically configured cinit for each UE in a CoMP set (Alt.3)
One of the unique point of figure 2 (i.e. Alt.3) is that there is UE-specific linkage between parameter and nSCID. For example in UE#7, zero value of nSCID has a linkage with Rel-10 cinit and one value of nSCID has a linkage with Rel-11 cinit with parameter 1. In another example in UE#8, zero value of nSCID has a linkage with Rel-11 cinit with parameter 1 and one value of nSCID has a linkage with Rel-10 cinit. In another example in UE#9, zero value of nSCID has a linkage with Rel-10 cinit and one value of nSCID has a linkage with Rel-11 cinit with parameter 2.
This unique point may contribute to increase the number of the types of candidate UEs (e.g. Rel.10, Rel.11 with parameter 1 or Rel.11 with parameter 2 etc) which can be dynamically scheduled using the same cinit.
For example in figure 2, when we consider the candidate UEs for the MU-MIMO by using complete orthogonal DMRS to that of UE#7, the candidate UEs are UE#1-4 (Rel-10 UEs), UE#5-6 (UEs with config. 3-A) and UE#11-13 (UEs with config. 3-B or C which is configured with Rel-11 cinit with parameter 1 in nSCID=1). 

In another example in figure 2, when we consider the candidate UEs for the MU-MIMO by using complete orthogonal DMRS to that of UE#14, the candidate UEs are UE#8,11 and 12 (UEs with config. 3-B or C which is configured with Rel-11 cinit with parameter 1 in nSCID=0), UE#9, 15 and 16 (UEs with config. 3-B or C which is configured with Rel-11 cinit with parameter 2 in nSCID=1). 

From these examples, a UE in configuration 3-B and 3C can be dynamically co-scheduled with two types of UEs (e.g. Rel.10 UE and Rel-11 cinit with parameter 1 in nSCID=1 in UE#7, Rel-11 cinit with parameter 1 in nSCID=0 and Rel-11 cinit with parameter 2 in nSCID=1).

On the other hand, in figure 1 (i.e. alt.1 or alt.2), a UE in configuration 1/2-A or 1/2-B can be dynamically co-scheduled with one types of UEs.

Therefore, the number of the types of MU-MIMO candidate UEs using complete orthogonal DMRS in alt.3 is larger than the alt.1 and alt.2.
On the other hand, when we consider the number of MU-MIMO candidate UEs per cinit, we do not see much difference among alternatives.

For example in Rel-10 cinit with nSCID=0 in figure 2, the number of MU-MIMO candidate UEs here is eight. In another example in Rel-11 cinit with parameter 2 in nSCID=1 in figure 2, the number of MU-MIMO candidate UEs here is four.
Of course, such kind of numbers depends on how the eNB configure UEs’ configuration. So we did not see the difference between figure 1 and 2 in these example. Therefore, when we consider the number of MU-MIMO candidate UEs per cinit (we believe this number is relevant to the scheduler flexibility), we believe the number of MU-MIMO candidate UEs per cinit is much more relevant to scheduler algorithm rather than the definition of cinit.
Table 1: Comparison among alternatives in Table A
	
	The number of the types of MU-MIMO candidate UEs
(e.g. Rel.10, Rel.11 w/parameter 1 or Rel.11 w/parameter 2 etc) which can be dynamically co-scheduled using complete orthogonal DMRS
	The number of MU-MIMO candidate UEs per one cinit value

	Alt.1
	Limited (single type)
	No difference among three alternatives

	Alt.2
	Limited (single type)
	No difference among three alternatives

	Alt.3
	Larger than the other alternatives (two types)
	No difference among three alternatives


Observation 1: The number of the types of MU-MIMO candidate UEs using complete orthogonal DMRS in alt.3 is larger than the alt.1 and alt.2. However, when we consider the number of MU-MIMO candidate UEs per cinit (we believe the number is relevant to the scheduler flexibility), we believe the number of MU-MIMO candidate UEs per cinit is much more relevant to scheduler algorithm rather than the definition of cinit.
Proposal 1: The difference of impact between the different definitions of cinit to the scheduling flexibility should be carefully discussed.
2.2 Cell ID resource consumption in initialization value
In this section, we discuss the pros and cons of the defined initialization values for DMRS sequence from the viewpoint of a consumption of the cell ID resource. The initialization values are categorized into cell ID replacement and additional offset.
In particular, the initialization of Alt.1 is based on the additional offset scheme; the initialization of Alt.2 is based on the cell ID replacement scheme. With regard to the initialization of Alt.3, parameters X and Y are related to the cell ID replacement and the additional offset each other. Therefore, both schemes can be applied depending on semi-statically configurable parameters.
One of the main differences between the cell ID replacement scheme and the additional offset scheme is the consumption of cell ID resource. So the cell ID replacement scheme consumes the cell ID resource depending on the configurable parameters for the semi-static configuration.
Figure 3 shows one example of cinit configuration. As shown in Figure 3, in Rel.10 initialization, cinit is selected based on a physical cell ID, and selected cinit is very sparse within the cinit space in which ranges from 0 to 231-1. Basic idea of cell ID replacement is to configure RRC parameter instead of the physical cell ID, and reuse the Rel.10 cinit resources. Drawback of this scheme is that only limited cinit values are selected even if there are plenty of resources (i.e. consumption of cell ID resource). Therefore, the cell ID replacement scheme may have an impact on cell ID planning. On the other hand, when the additional offset scheme is used, cinit resources may be utilized better than cell ID replacement scheme. However, in performance point of view, we do not see the difference between them if cinit is properly selected for cells/TPs.
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Figure 3: Example of cinit configuration
Observation 2: One of the main differences between the cell ID replacement scheme and the additional offset scheme is the consumption of cell ID resource. So the cell ID replacement scheme consumes the cell ID resource depending on the configurable parameters for the semi-static configuration.
Proposal 2: The initialization enhancement for the DMRS sequence should be taken into account an impact on cell ID planning.
3. Conclusion

Sharp have the following proposals for the scrambling enhancement of the DL DMRS sequence:

Proposal 1: The difference of impact between the different definitions of cinit to the scheduling flexibility should be carefully discussed.
Proposal 2: The initialization enhancement for the DMRS sequence should be taken into account an impact on cell ID planning.
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5. Annex
Table A shows a candidate UEs which co-scheduled as the MU-MIMO. In Table A, the candidate UEs which are dynamically co-scheduled using the orthogonal sequences are shown for each configuration. For example, when a Rel-11 UE is semi-statically configured to the configuration 1-A, the UE can dynamically scheduled for the MU-MIMO using the orthogonal sequences with a Rel-9/10 UE with both nSCID and another Rel-11 UE with the same X and both nSCID.
Table A: Candidate UE for MU-MIMO co-scheduling with complete orthogonal DMRS
	
	Semi-static configuration
	Candidate UE dynamically scheduled using orthogonal sequences (i.e. port 7/8)

	Alt. 1
	Configuration 1-A
(e.g. X=0)
	· Rel-9/10 UE with both nSCID
· Rel-11 UE with the same X and both nSCID

	
	Configuration 1-B
(e.g. X(0)
	· Rel-11 UE with the same X and both nSCID

	Alt. 2
	Configuration 2-A
(e.g. X=NcellID)
	· Rel-9/10 UE with both nSCID
· Rel-11 UE with the same X and both nSCID

	
	Configuration 2-B
(e.g. X(NcellID)
	· Rel-11 UE with the same X and both nSCID

	Alt. 3
	Configuration 3-A
(e.g. {X0,Y0}={NcellID,0}, {X1,Y1}={NcellID,1})
	· Rel-9/10 UE with both nSCID
· Rel-11 UE with the same sets of X/Y and both nSCID

	
	Configuration 3-B
(e.g. {X0,Y0}({NcellID,0}, {X1,Y1}({NcellID,1})
	· Rel-11 UE with the same sets of X/Y and both/either one of nSCID

	
	Configuration 3-C
(e.g. {X0,Y0}={NcellID,0}, {X1,Y1}({NcellID,1} and vice versa)
	· Rel-9/10 UE with either one of nSCID
· Rel-11 UE with the same set of X/Y and either one of nSCID


As shown in Table A, the types of candidate UEs which are dynamically co-scheduled using orthogonal sequences are the same among configuration 1-A, 2-A and 3-A. Also, the types of the candidate UEs among configuration 1-B and 2-B are the same. Therefore, configuration 3-B and 3-C have the unique feature among the different definitions of initialization values, i.e. Alt. 1-3.
Working assumption:


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
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