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Discussion and decision
1
Introduction

Potential UL DM-RS enhancements are currently under discussion in the context of UL CoMP. So far it has been agreed to support a UE-specific configuration for the base sequence and the cyclic shift hopping pattern. A recent email discussion about details of configuration centered mainly on the issue of whether the base sequence and cyclic shift hopping pattern should be allowed to be independently configurable or not.

In this contribution we summarize our views about the configuration details. We also discuss the possibility of supporting dynamic signaling of configurations, which was not in scope of the email discussion. 

As will be explained, our view is that while independent configurability of base sequence and CS hopping pattern offers some interesting benefits and should be supported, the most important feature to unlock potential gains with UL CoMP is enabling the network to dynamically signal the configuration of UL DM-RS.
2
Configuration details
In the email discussion two alternatives were discussed for the configuration details, as follows:
	Alt 1: 

· A RRC configuration includes the following RRC defined UE specific parameters, {NIDBSI, DSSBSI, cinitCSH}.

· NIDBSI (0 to 503) and DSSBSI  substitute NIDCELL and DSS in the group number (u) and sequence index (v) generation formulas (including SH and SGH initialization)

· cinitCSH  substitutes cinit in the CSH initialization (nPN(nS))

Alt 2: 

· A UE is configured with a virtual cell ID, which is used to derive base sequence as well as CS hopping


Comparing these alternatives, two differences can be identified. First, by introducing an additional parameter for CS hopping pattern initialization (cinitCSH), Alt. 1 enables decoupling between the base sequence and the CS hopping pattern used by a R11 UE. Second, in Alt. 1 the parameter DSSBSI can override the cell-specific DSS value. We discuss these two aspects separately in the following paragraphs.
2.1 Decoupling of base sequence and CS hopping pattern
In our view, there are two main benefits of having the possibility of de-coupling of base sequence and CS hopping pattern:
a) It enables more co-scheduling “combinations” between UE’s in the system

b) It enables better orthogonality between UE’s when OCC-based co-scheduling is used
Additional scheduling combinations

The first benefit (a) can be best understood by considering the following Table which summarizes the options available for co-scheduling a pair of UE’s, and associated conditions:
Table 1. Co-scheduling options and associated conditions with UL DM-RS
	Type of co-scheduling
	Base sequence
	CS hopping
	Other requirements

	CS-based orthogonality
	Same
	Same or different (if CS are sufficiently separated in both slots)
	Same frequency allocation
Delay spread sufficiently low

	OCC-based orthogonality
	Same or different (different better)
	Same
	Doppler sufficiently low
SGH disabled

	Quasi-orthogonality
	Different
	Same or different (different better)
	Weak coupling between UE’s (e.g. in different RRH)


The de-coupling of the base sequence from the CS hopping means that two UE’s can now have the same base sequence but different CS hopping pattern and vice-versa. This enables the two following use cases, when considering three UE’s A, B and C:
A first use case occurs in scenarios 1/2/3. If UE A is at the edge between two cells, it can be co-scheduled with UE B (in the first cell) using CS-based orthogonality and with UE C (in the second cell) using OCC-based orthogonality. 
However, there is a caveat with this use case. If the CS hopping patterns used by UE’s A and B are different (which will be the case if e.g. UE B is a legacy UE), such co-scheduling opportunity might not be available in every subframe. This is because the use of different CS hopping patterns results in a CS difference between slots that is not the same between UE’s A and B. Thus, a combination of n(2)DMRS values that result in CS’s that are sufficiently separated in the first slot may result in CS’s that are not sufficiently separated in the second slot. Depending on the minimum separation between CS’s in the applicable scenario, it may even be possible that no valid combination is available in a certain subframe. This somewhat restricts the practical applicability of this use case.
Observation: Orthogonal co-scheduling by CS with a UE not sharing the same CS hopping pattern may be of limited practical applicability.
A second use case occurs in scenario 4 in presence of legacy UE’s as illustrated in the Figure below. A legacy UE can be co-scheduled with a strongly coupled R11 UE using OCC-based orthogonality. Both of these UE’s can at the same time be co-scheduled with a weakly coupled R11 UE in a different RRH by relying on the quasi-orthogonality provided by the use of different base sequences.
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Figure 1. Co-scheduling between R11 UE’s and legacy/macro UE in scenario 4 with decoupled base sequence and CS hopping pattern.

There is a caveat with this use case as well. Since all legacy UE’s use the same CS hopping pattern in scenario 4, all R11 UE’s that take advantage of this flexibility would need to use the same CS hopping pattern as well. This results in performance loss due to lack of interference randomization if these UE’s are co-scheduled with each other in a quasi-orthogonal manner (using different base sequences). A centralized scheduler could avoid co-scheduling these UE’s with each other, but this obviously would translate into a loss of cell splitting gain.

Observation: Interference between different RRH’s is not fully randomized when R11 UE’s are assigned CS hopping pattern based on cell identity for the purpose of co-scheduling with legacy or macro UE’s.

Enhanced OCC-based orthogonality
The second benefit (b) of de-coupling is that OCC-based orthogonality is more robust to channel variations between slots if the two UE’s use different base sequences. This is especially useful if a UE happens to be moving faster than typical pedestrian speeds. Such benefit may be thus be most compelling in scenarios 1 or 2.
Observation: Independent configuration of base sequence and CS hopping can enhance robustness of OCC-based orthogonality.
In our view, despite some caveats explained in the above, the benefits to enabling independent configurability of base sequence and CS hopping justify the small added complexity and signaling overhead of an additional information element in the RRC configuration.
Proposal 1: Support independent configuration of base sequence and CS hopping
2.2 Provision of DSSBSI parameter

The parameter DSS allows the use of a different sequence-shift pattern fSS between DM-RS used for PUSCH and DM-RS used for PUCCH. The sequence-shift pattern for PUSCH DM-RS (in R8) is used as input to both the base sequence and the CS hopping pattern.
If a UE-specific DSSBSI parameter is not provided, the network is still able to configure any desired base sequence by proper adjustment of the parameter NIDBSI. At first sight it would thus appear that the parameter is superfluous. On the other hand, keeping in mind the purpose of DSS in R8, the parameter could still be justified if a UE-specific base sequence configuration is also adopted for PUCCH DM-RS [1]. In this case, it could be possible to use a common NIDBSI parameter for both PUCCH DM-RS and PUSCH DM-RS along with a DSSBSI parameter for PUSCH DM-RS, similarly to R8. Thus, the issue could be revisited after a decision is taken for PUCCH DM-RS.
Proposal 2: UE-specific provision of DSSBSI may be supported if NIDBSI is used also for PUCCH DM-RS  
3
Dynamic signaling of DM-RS
Having discussed the configuration details of DM-RS we now turn to the benefits for the network to have the capability of dynamically selecting from more than one configuration. As will be explained in the following, we believe such capability is essential to fully unlock capacity gains with RRH-based architectures considered as part of CoMP.
The benefits can be understood by considering use cases similar to those already studied as part of the discussion on configuration details. 
3.1 Scenarios 1/2/3

The 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).
The above example assumes that independent configuration of base sequence and CS hopping is supported. However, even if it is not supported, orthogonal OCC-based co-scheduling with a UE in either cell can still be achieved, albeit with less robustness:
1. (BSI, CSH) = (A, A)

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

This example also enables CS-based co-scheduling with UE’s in either cell.

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).
3.1 Scenario 4

The 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, as explained in the previous section, 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.
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Figure 4. Example of operation with DCI-based selection of CSH pattern in scenario 4 (non-decoupled BSI/CSH configuration).
It should be noted that 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. Assuming that two configurations are sufficient, such extension could be realized by adding one bit to the DCI. In case the additional overhead would be considered unacceptable, it would also be possible to consider other realizations that do not increase the DCI size - for instance, adding a column to the CSF table indicating which (BSI, CSH) configuration is selected for each codepoint. 
Proposal 3: Support dynamic signaling between 2 configurations of PUSCH DM-RS.
3
Conclusion
This contribution analyzed potential enhancements to PUSCH DM-RS for UL CoMP. 
On the issue of decoupling base sequence from CS hopping pattern, the following observations and proposals were made:
Observation: Interference between different RRH’s is not fully randomized when R11 UE’s are assigned CS hopping pattern based on cell identity for the purpose of co-scheduling with legacy or macro UE’s.

Observation: Orthogonal co-scheduling by CS with a UE not sharing the same CS hopping pattern may be of limited practical applicability.
Observation: Independent configuration of base sequence and CS hopping can enhance robustness of OCC-based orthogonality.
Proposal 1: Support independent configuration of base sequence and CS hopping
On the issue of provisioning of the Dss parameter, the following was proposal was made:

Proposal 2: UE-specific provision of DSSBSI may be supported if NIDBSI is used also for PUCCH DM-RS  
On the issue of dynamic signaling of configurations, the following observations and proposal are 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.
Proposal 3: Support dynamic signaling between 2 configurations of PUSCH DM-RS.
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