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1
Introduction

Enhancements for UL DM-RS for CoMP are currently under discussion. Discussions on configuration aspects in RAN1#68bis have concluded with a working assumption which states the following [1]:

A RRC configuration includes the following RRC defined UE specific parameters, {VCID, cinitCSH}. 

· VCID is used to derive base sequence

· cinitCSH substitutes cinit in the CSH initialization nPN(nS)
In this contribution, we first discuss some additional details regarding the configuration aspects and propose to confirm the working assumption. We then discuss aspects related to the dynamic signaling of an UL DM-RS configuration.
2
Configuration details
The RRC configuration currently adopted as working assumption needs to support the following cases identified during the email reflector discussion on DM-RS configuration:
	Config.:
	(BSIUEA,CSHUEA), (BSIUEB,CSHUEB)
	Supported orthogonality:
	Supported interference randomization:
	Area splitting gain?

	1a
	(A,A),(A,A)
	CS (same BW)
	SGH
	No

	1b
	(A,A),(A,A)
	OCC (any BW)
	No
	No

	2
	(A,A),(B,A)
	OCC (any BW)
	Different BSI
	Yes

	3
	(A,A),(A,B)
	CS (same BW)
	Different CSH
	Yes


The provision of VCID substituting the identity of the serving cell allows for the configuration of any base sequence (BSI) to a UE regardless of its serving cell, provided that VCID has the same range as the PCI (i.e. 0 to 503). The network can also take into account the cell-specific value of ss to generate a desired base sequence.
The cyclic shift hopping (CSH) pattern is determined by the following formula:
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Where c(i) is a pseudo-random sequence initialized (in Release 10) with:
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To support the configurations in the above Table where the CSH sequence represents any available sequence in R10, the range of cinitCSH substituting for cinit should be such that any possible value of cinit using parameters possible in R10 can be obtained. In R10, the value of 
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ranges from 0 to 29, while the value of the first term ranges from 0 to 512. The overall range of cinit is thus 0 to 541 and could be adopted as the range for cinitCSH. Alternatively, it would be equally possible to define a larger range taking advantage of the 10 bits that are anyway needed to cover the minimum range, at no additional overhead cost.
Proposal 1: Confirm working assumption on DM-RS configuration.

Proposal 2: The range of VCID is 0 to 503.
Proposal 3: The range of cinitCSH is 0 to 541.  
3
Dynamic signaling of DM-RS
In this section we start by reviewing the benefits brought by the possibility of indicating one out of multiple DM-RS configurations in the grant using a few application examples. We then discuss some possible alternatives to realize this.

The principle of dynamically controlling the properties of the UL DM-RS is in fact already applied since R8 with the introduction of the cyclic shift field (CSF) in the UL DCI. The introduction of CSF then enabled the network to orthogonally co-schedule UE’s in a cell in a flexible manner. To support RRH-based architectures where a single scheduler can control transmissions to multiple points, it is natural to extend the concept so that flexible co-scheduling can be made possible between any pair of UE’s controlled by the scheduler.

3.1 Application examples
A first use case is that of a R11 UE at the edge between two cells in scenarios 1/2/3. Such cell edge UE would benefit from the flexibility of being co-scheduled with UE’s connected to either cell on a dynamic basis. This is realizable if the network can switch between two configuration of the cell edge UE. For instance, robust OCC-based co-scheduling can be achieved with a UE in either cell if the configuration of the cell edge UE can be selected between:

1. (BSI, CSH) = (C, A)

2. (BSI, CSH) = (C, B)  
Where CSH=A is the cyclic shift hopping used by UE’s in the first cell and CSH=B is used by UE’s in the second cell, while BSI=C is a base sequence configuration specific to the cell edge UE. 
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Figure 2. Example of operation with DCI-based selection of CSH pattern in scenario 3 (decoupled BSI/CSH configuration).
Another possibility is to use orthogonal CS-based co-scheduling with a UE in either cell, by switching between the following 2 configurations:
1. (BSI, CSH) = (A, A)

2. (BSI, CSH) = (B, B)
Observation: Dynamic signaling of configurations allows for fully flexible co-scheduling with UE’s on either side of cell boundary in scenarios 1/2/3.
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Figure 3. Example of operation with DCI-based selection of CSH pattern in scenario 3 (non-decoupled BSI/CSH configuration).
A second use case is that of a R11 UE under the coverage of a low-power RRH in scenario 4 along with a legacy UE or a R11 UE that is not under coverage of any low power RRH and uses a cell-specific configuration. In this case the network could dynamically select the configuration of the R11 UE between:
1. (BSI, CSH) = (R1, R1)

2. (BSI, CSH) = (A, A)

Where (R1, R1) is a configuration which may be RRH-specific and (A, A) is the legacy UE configuration. With this setup the network could select the (A, A) configuration or the R11 UE whenever co-scheduling with the legacy UE is desired, and the (R1, R1) configuration otherwise. When the UE is using the (R1, R1) configuration full inter-RRH randomization (and cell splitting gain) is achieved with other R11 UE’s utilizing RRH-specific configurations since both the base sequence and CS hopping are different. From this perspective, this solution is better than configuring a single static configuration of independent base sequence and CS hopping (R1, A) since interference randomization is no longer achieved between R11 UE’s utilizing the (R1, A) scheme in different RRH’s.
Observation: Dynamic signaling of configurations allows for full interference randomization between RRH’s while maintaining flexibility of co-scheduling with legacy/macro UE’s in scenario 4.

[image: image6.emf]Macro node

PCI=A

RRH=R2

Selection of 

configuration from DCI

(e.g. CS field)

OCC-or CS-based

orthogonality

RRH=R1

BSI=A

CSH=A

(not scheduled)

Macro node

PCI=A

RRH=R2

Full interference 

randomization

RRH=R1

BSI=R1

CSH=R1

Legacy or macro UE

(not scheduled)

BSI=A

CSH=A

BSI=R2

CSH=R2

Legacy or macro UE

t  =  t

0

t  =  t

1


Figure 4. Example of operation with DCI-based selection of CSH pattern in scenario 4 (non-decoupled BSI/CSH configuration).
3.2 Alternatives for dynamic signaling
To enable a dynamic indication of the configuration, at least three options are possible. 

The most straightforward option is to introduce an additional field into the DCI format, where the size of the field depends on the number of configurations. This option preserves full flexibility for R11 UE’s to pick from any cyclic shift index and/or orthogonal cover code, but increases the payload of the DCI. Assuming a 1-bit field (2 configurations) and a baseline DCI size of 41 bits including CRC (e.g. format 0, no carrier aggregation and 10 MHz), the resulting payload increase is 2.4% or about 0.1 dB.
Another option is to overload an existing field of the DCI. For instance, one natural candidate field is the cyclic shift field (CSF) already used to dynamically indicate a combination of cyclic shift and orthogonal cover code. By associating half of the codepoints to one configuration and the other half to another configuration, the network can select between two configurations at the modest cost of some loss of flexibility in the assignment of other parameters. 
	Cyclic Shift Field in 

uplink-related DCI format [3]
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Table 1. Example of possible extension of CS field to support indication of DM-RS configuration.
This approach could be seen as similar to the approach recently adopted as working assumption for DM-RS in the downlink, where each nscid value is associated to a different virtual cell identity value (X1 or X2) used to initialize the sequence. In the downlink case, there is also some loss of flexibility since not all combinations of X1, X2 and nscid are supported. Nevertheless, the restriction was deemed acceptable.

A third option would be to employ the carrier indication field (CIF) to indicate a configuration. The selection of a configuration using this mechanism could be interpreted as selecting a “cell” with cross-cell scheduling, similar to what was proposed in [2].
It seems that all of the above options for dynamically indicating a configuration are realizable without significant cost in either overhead, complexity or flexibility, especially if the number of configurations is limited to 2.
Observation: Dynamic signaling of configurations can be supported without significant cost in overhead, complexity or flexibility.
Proposal 4: Support dynamic signaling between 2 configurations of PUSCH DM-RS.
3
Conclusion
This contribution discussed remaining details of the configuration and aspects related to the dynamic signaling of an UL DM-RS configuration. Regarding the configuration details, the following proposals were made:

Proposal 1: Confirm working assumption on DM-RS configuration.

Proposal 2: The range of VCID is 0 to 503.

Proposal 3: The range of cinitCSH is 0 to 541.  
Regarding dynamic signaling of configurations, the following observations and proposals were made:

Observation: Dynamic signaling of configurations allows for fully flexible co-scheduling with UE’s on either side of cell boundary in scenarios 1/2/3.
Observation: Dynamic signaling of configurations allows for full interference randomization between RRH’s while maintaining flexibility of co-scheduling with legacy/macro UE’s in scenario 4.

Observation: Dynamic signaling of configurations can be supported without significant cost in overhead, complexity or flexibility.
Proposal 4: Support dynamic signaling between 2 configurations of PUSCH DM-RS.
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