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1. Introduction
In the RAN1#68-bis meeting, there are some discussions on DM-RS enhancements for DL CoMP, and the working assumption is agreed as follows [1]:
- For the DMRS sequence initialization
▪ Two candidate values of X are configured: x(0) and x(1)
▪ nSCID is reused for dynamic selection of x(0) or x(1) only for rank 1 and 2

▪ Note that nSCID equals to 0 for the rank larger than 2

▪ Further study is not precluded for the optimization for the higher rank
▪ Further study is not precluded for the dynamic selection of x(0) or x(1)
▪ Further study is not precluded for the dynamic switching or semi-static switching of subframe offset (ns)

In the contribution, we discuss further considerations on DL DM-RS enhancements and provide our views based on FFS in the above working assumption.
2. DL DM-RS sequence initialization
(1) FFS for the optimization for the higher rank
In Rel-10, nSCID can be dynamically indicated by DCI, e.g. 3 bits field with association of antenna port(s) and number of layer in DCI format 2C. For rank 1 and rank 2, the nSCID can be selected between two values (=0 and 1) to support additional multiplexing for MU-MIMO with quasi-orthogonality. For the rank larger than 2, the nSCID always equals to 0. Because, MU-MIMO is not supported in Rel-10 if at least one UE has the rank larger than 2. 

In [2], it was proposed that the nSCID can be the same value as nRNTI for high rank. As detailedly explained in [3], two different types of initialization value for DL DM-RS sequence generation could be needed - for inter-point orthogonality and for inter-point interference randomization. 
If we do not consider environment that an UE in JT CoMP and/or MU-MIMO has the rank larger than 2, the inter-point orthogonality could not be considered for the rank larger than 2. It means that the inter-point interference randomization could be only considered for the rank larger than 2 if we follow Rel-10 multiplexing cases. 
For the inter-point interference randomization, UE-specific configurable value X in DL DM-RS sequence initialization could be enough by assigning different values among points. Therefore, there is no significant reason to optimize nSCID for the high rank. The nSCID could equal to 0 for the rank larger than 2 with the UE-specific configurable value X in DL DM-RS sequence initialization
(2) FFS for the dynamic selection of X0 or X1
The signalling methods for the dynamic selection of X0 and X1 can be summarized with following 2 options.
Option 1 (working assumption): implicit method tied on current parameter, e.g. nSCID 
If
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Option 2: explicit method with additional bit of DCI format

If additional bit value=0, 
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If additional bit value=1, 
[image: image7.wmf](

)

(

)

16

init,1s1

/212120

cnX

=+×+×+

êú

ëû

 or 
[image: image8.wmf](

)

(

)

16

init,1s1

/212121

cnX

=+×+×+

êú

ëû


In Rel-10, MU-MIMO can support for maximum total 4 layers. For up to total 2 layers, orthogonality with the same initialization value and different antenna ports could be supported by the same nSCID. And for the other layers, quasi-orthogonality with different initialization values could be supported by different nSCID.

With Option 1, above Rel-10 MU-MIMO mechanism on DL DM-RS multiplexing can be fully supported as described Figure 1. By assigning the same nSCID with the same X value between UEs, the orthogonality with the same initialization value and different antenna ports can be supported. And, by assigning the different nSCID or the same nSCID with different X values among UEs, the quasi-orthogonality with different initialization values can be supported. The above mechanism for orthogonality or quasi-orthogonality is not different from Option 2. 

Therefore, Option 1 (=implicit method) can cover all possible multiplexing cases supported in Rel-10, i.e. Option 1 (=implicit method) is enough without any additional bits of DCI format, and it can also minimize the modification of any DCI formats for DM-RS sequence.

Proposal 1: 

For the DM-RS sequence initialization, the following working assumption should be adopted.
- Two candidate values of X are configured: x(0) and x(1)
- nSCID is reused for dynamic selection of x(0) or x(1) only for rank 1 and 2

- Note that nSCID equals to 0 for the rank larger than 2
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Figure 1: Example of DL DM-RS multiplexing

(3) FFS for the dynamic switching or semi-static switching of subframe offset (ns)
[image: image11.emf]UE 1

TP 2

TP 1

DM-RS A

DM-RS B

UE 1

TP 2

TP 1

DM-RS A

DM-RS C

UE 2

DM-RS B

UE 1

TP 2

TP 1

DM-RS A

DM-RS B

UE 1

TP 2

TP 1

DM-RS A

DM-RS C

UE 2

DM-RS B


Figure 2: Example of DL DM-RS environments
In [4], the dynamic switching of subframe offset (ns) was proposed with examples in DPS environment. As described in Figure 2, to support DM-RS orthogonality among UEs in JT/DPS CoMP and/or inter-point MU-MIMO by assigning different antenna ports, the DM-RS sequence among UEs could be the same even though the UEs belong to the different points.

It means that the UE-specific configurable parameter X and the subframe index expressed by slot number ns have to be aligned among UEs in the DM-RS sequence initialization even though the different points in CoMP cooperating set are not synchronized and DM-RSs from the different points have different slot numbers ns.
For example with Figure 2, to have the same sequence for DM-RS A from TP 1 and DM-RS B from TP B, two DM-RSs should have the same slot number, i.e. there is need for offset ns_offset to satisfy ‘ns_1=ns_2+ ns_offset’ for TP 1’s slot number ns_1 and the TP 2’s slot number ns_2. For this, TP 2 can generate DM-RS B with slot number ‘ns_1=ns_2+ ns_offset’ instead of ns_2. However, there is no need for signaling of the offset value ns_offset because UE 1 can just decode DM-RS according to serving point (= TP 1)’s slot number (= ns_1). 
On the other hand, if there is one more DM-RS (e.g. DM-RS C for UE 2) which is transmitted from other point (e.g. TP 2) as described in Figure 2, there is need for signaling of the offset value ns_offset. Because UE 2 can not decode DM-RS according to serving point (= TP 2)’s slot number (= ns_2) if TP 2 generate DM-RS C with slot number ‘ns_1=ns_2+ ns_offset’ instead of ns_2. In this case, the high layer signaling for the offset value ns_offset to the UE could be needed, but there is no strong reason for dynamic switching of the offset value.
Proposal 2: 

For DM-RS sequence initialization, there is no strong reason for dynamic switching of subframe offset.
- The high layer singling for the offset value could be needed in some cases.

3. Conclusion
In this contribution, we discussed DL DM-RS enhancements for Rel-11 with following our proposals:
Proposal 1: 

For the DM-RS sequence initialization, the following working assumption should be adopted.
- Two candidate values of X are configured: x(0) and x(1)
- nSCID is reused for dynamic selection of x(0) or x(1) only for rank 1 and 2

- Note that nSCID equals to 0 for the rank larger than 2
Proposal 2: 

For DM-RS sequence initialization, there is no strong reason for dynamic switching of subframe offset.
- The high layer singling for the offset value could be needed in some cases.
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