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1. Introduction
In RAN1#66bis, enhancement of downlink DMRS sequence for CoMP was discussed. RAN1 decided working assumption as follows. This contribution discusses a flexibility of its scrambling sequence.
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2. Discussion
2. 
Discussion
In this section we describe two options for configuring and setting initialization values of DMRS, and show their relative merits.

The first bullet of the RAN1#66bis Working assumption can be defined as follows.

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 DMRS sequence is based on 
[image: image4.wmf]cell

ID

N

 and 
[image: image5.wmf]SCID

n

.

For CoMP scenario 4, a collision of the DMRS sequences may occur among transmission points (TPs) within a network created by use of the same cell ID due to 
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=0 or 1. The collision will impact the estimation accuracy derived from use of the DMRS in this case, i.e. DL transmissions from multiple TPs. Therefore, a flexible configuration/allocation of the DMRS sequences is necessary to make it possible to flexibly schedule CoMP UEs.

Moreover, the initialization of the DMRS sequence also impacts on the scheduling for MU-MIMO. In RAN1#66bis, a way forward on CSI feedback enhancement for MU-MIMO was co-sourced by 28 companies [1]. This means that the MU-MIMO in each TP is an important scenario. Therefore, the enhancement of the DMRS scrambling sequence may be needed to take into account a flexiblity of MU-MIMO scheduling using an orthogonal multiplexing with antenna port 7 and 8 in each TP, in addition to the flexible CoMP scheduling among TPs described in the previous paragraph.

For MU-MIMO, a dynamic selection of the initialization values is an important issue. In the working assumption, it was agreed that the initialization values can be dynamically selected. In addition to that, it was agreed that the initialization values can be configured to correspond to Rel-10 DMRS. However, it is not clear whether the initialization value(s) which correspond to Rel-10 DMRS can be dynamically selected with Rel-11 DMRS or not. Therefore, the following two options can be considered for the dynamic selection.

· Option 1: a dynamic selection among newly defined Rel-11 DMRSs

· Option 2: a dynamic selection between Rel-10 DMRS(s) and newly defined Rel-11 DMRS(s)
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Figure 1: An example of a dynamic selection among newly defined Rel-11 DMRSs
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Figure 2: An example of a dynamic selection between Rel-10 DMRS(s) and newly defined Rel-11 DMRS(s)
Rel-11 UE with Rel-10 DMRS initialization value can be orthogonally multiplexed with Rel-10 UE for MU-MIMO under the option 2 with ease so that the option 2 offers slightly higher flexibility for MU-MIMO scheduling than the option 1, since the definition of Rel-11 DMRS initialization value is different from the definition of Rel-10 DMRS initialization value. However, if the newly defined Rel-11 DMRSs can be semi-statically configured to an initialization value which is the same as Rel-10 DMRSs, Rel-11 UE with the initialization value can be orthogonally multiplexed with Rel-10 UE for MU-MIMO under the option 1.
Moreover, the impact on the DMRS sequence generator has to be discussed when the totally different initialization values are selected for Rel-10 DMRS(s) and newly defined Rel-11 DMRS(s). On the other hand, if Rel-10 
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 can be reused for the newly defined Rel-11 DMRS, the dynamic selection among newly defined Rel-11 DMRSs could have the less impact on the DMRS sequence generator and the same DMRS sequence generator as in Rel-10 could be reused in Rel-11 UE.

Table 1: Impact of dynamic selections
	
	Orthogonally multiplexed with Rel-10 for MU-MIMO
	Impact on the DMRS sequence generator

	A dynamic selection among newly defined Rel-11 DMRSs
	Possible by semi-static configuration
	Configurable
(can be same as Rel-10)

	A dynamic selection between Rel-10 DMRS(s) and newly defined Rel-11 DMRS(s)
	Can be multiplexed with ease
	Need to take into account Rel-10 DMRS(s) for Rel-11 DMRS(s) design


Thus, we prefer option 1 considering the impact on the DMRS sequence generator.

Proposal
· Flexible MU-MIMO scheduling in each TP should be considered for the enhancement of the DMRS scrambling sequence.

· A dynamic selection among newly defined Rel-11 DMRSs is preferred considering the impact on the DMRS sequence generator, while the initialization values correspond to Rel-10 DMRS can be semi-statically configured.
For the newly defined Rel-11 DMRS, some initialization enhancement methods of the DMRS scrambling sequence were proposed in RAN1#66bis [2]-[7]. These methods can be classified into two approaches.
The first approach is a full randomization for every UEs. In this approach, every UEs uses a different DMRS scrambling sequence from each other. 
The second approach is randomization among groups of UEs. In this approach, the UEs within each group use the same DMRS scrambling sequence, while the UEs of different group use different DMRS scrambling sequence. The group can be defined by the transmission point. Further, the second approach methods can be classified into implicit or explicit signalling. 
The following table shows methods for initialization enhancements of the DMRS scrambling sequence. The methods are described after the Table.

Table 2: Initialization enhancement methods of the DMRS scrambling sequence

	Initialization
	Randomization
	Orthogonality between port 7 and 8
	New parameter

	UE-ID
	Full
	Degraded
	Unnecessary

	TP-specific parameter controlled by eNB
	Inter-TP
	Same as Rel-10
	Unnecessary /Necessary

	UE-specific parameter controlled by eNB
	Configurable (Full/Inter-TP)
	Configurable 

(can be same as Rel-10)
	Necessary


· UE-ID based initialization
In this method, the 
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 in the equation for 
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 can be replaced with RNTI. This method enables randomization of the DMRS sequences of each UE without additional signalling. However, the eNB cannot control the DMRS scrambling sequence for each UE. Therefore, this method may reduce the opportunity for flexible MU-MIMO scheduling, since a UE using fully randomized DMRS sequences cannot be orthogonally multiplexed with other UEs including legacy UEs. If an E-PDCCH includes DMRS and it can be mapped to a common channel among plural UEs, further study may be required due to demodulation for such common E-PDCCH.

· Initialization based on TP-specific parameter controlled by eNB
In this method, the DMRS scrambling sequence is initialized by a parameter corresponding to the TP. For example, a CSI-RS configuration can be used as a TP-specific parameter while it is signalled in a UE-specific manner. Therefore, since the UEs within each TP can use the same DMRS scrambling sequence, flexible MU-MIMO scheduling can be realized within each TP. At the same time, since the UEs of different TPs can use the different DMRS scrambling sequences, flexible CoMP scheduling can be realized between TPs. However, if the parameter corresponding to the TP is not standardized, flexible scheduling may be slightly restricted.

· Initialization based on UE-specific parameter controlled by eNB
In this method, the DMRS scrambling sequence is initialized by a parameter configured by dedicated RRC signalling. Although additional signalling is required, the initialization can be flexibly configured by eNB. Therefore, the eNB can fully configure TP-specific initializations for each UE.

Based on the above discussion, it is clear that the best method is that the initialization values for the newly defined Rel-11 DMRS should be initialized by using a parameter which enables control by the eNB in order to realize flexible scheduling for both MU-MIMO and CoMP.

Proposal
· The initialization values for the newly defined Rel-11 DMRS should be initialized by using a TP/UE-specific parameter controlled by the eNB.

3. Conclusion

Sharp proposes that:
· Flexible MU-MIMO scheduling in each TP should be considered for the enhancement of the DMRS scrambling sequence.
· A dynamic selection among newly defined Rel-11 DMRSs is preferred considering the impact on the DMRS sequence generator, while the initialization values correspond to Rel-10 DMRS can be semi-statically configured.

· The initialization values for the newly defined Rel-11 DMRS should be initialized by using a TP/UE-specific parameter controlled by eNB.
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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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