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1 Introduction

After RAN1#68 in Dresden, RAN4 sent an LS [1] to RAN1 as a consequence of the LS [2] originally sent from RAN1 to RAN4 regarding the issue of ports collocation for DL CoMP and DL-MIMO applications. This paper addresses the issues identified by RAN4 and proposes corresponding actions for RAN1. 
2 Discussion of Antenna Ports Co-location Aspects
RAN1 specifications are written according to the principle of transmission point-transparency. In other words, UEs are not allowed by the specifications to make any particular assumptions regarding the consistency of transmission points in time and frequency domain (at least for DMRS) and for different ports. In general, co-location shall currently not be assumed either for ports mapped to the same type of RS or for ports mapped to different types of RS.
Transmission point transparency is a fundamental basement not only for CoMP applications, but even for TM9 since Rel-10. However, as pointed out by RAN4 [1], the strict application of the fully generalized principle of points transparency may lead to undesirable consequences. In summary:

1. The number of RAN4 tests is very high, due to the large number of combinations of supported port mappings;
2. UE complexity is increased by the fully flexible antenna ports mapping;

3. The performance of channel estimation may be affected due to the impossibility of assuming ports co-location at the UE side.

3 Potential Solutions

In order to address RAN4’s concerns as discussed in Section 2, a number of solutions may be adopted by RAN1. The first issue to be addressed by RAN1 consists of identifying a proper definition of ports co-location.

3.1 Definition of Ports Co-location

A possible RAN1 definition of ports co-location may be derived along the lines of the existing definition of antenna port in [3]. E.g., co-location may be defined as:

“Two antenna ports are co-located if propagation properties of the channel over which a symbol on the first antenna port is conveyed can be inferred from the channel over which another symbol on the other antenna port is conveyed”.
One possibility is to further clarify in an LS which “propagation properties” are to be considered by RAN4, e.g.;

· Delay spread

· Doppler spread

· Signal to noise ratio

· Frame synchronization.

The exact definition of the above properties is a RAN4 task, but it seems necessary to be able to refer to them in the RAN1 specifications.

Proposal:

· Introduce the definition of RS ports co-location in RAN1 specifications. 
3.2 Grouping of Antenna Ports
One straightforward way to address at least the first two issues identified by RAN4 (complexity of tests and UE implementations) is to reduce flexibility in mapping RS ports by grouping RS ports in co-located sets. The groups of co-located ports need to be carefully defined by RAN1 because the co-location rules would be reflected in the specifications and flexibility in deployment would be inherently limited. 

The advantage of this solution is the ability to reduce the testing burden on RAN4 while at the same time allowing for simplified UE implementation and some performance benefit in channel estimation, with modest specification effort in RAN1. Examples of pre-defined co-location rules are shown in Table 1.
	Example groupings
	CRS
	DMRS
	CSI-RS

	Example 1
	(0,2), (1,3)
(suitable for interleaved indoor deployments)
	(7,8), (9,10), (11,13), (12,14)
	(15,16), (17,18), (19,20), (21,22)

	Example 2
	(0,1), (2,3)
(optimized for 2tx non interleaved deployments)
	(7,8), (9,10), (11,13), (12,14)
	(15,16), (17,18), (19,20), (21,22)


Table 1: Examples of pre-defined co-location rules.
Proposal:

· Pre-configure RS ports co-location for a limited number of RS ports in order to reduce testing complexity without limiting deployment flexibility.
3.3 Reconfigurable Sets of Co-located RS Ports

RAN4’s concerns that too general RS ports co-location assumptions may impact channel estimation performance at the UE are further considered in this section. 
For a number of deployments (e.g., non-CoMP applications based on TM9, as well as CoMP deployments where all DMRS ports are transmitted from the same point in a given subframe) stronger assumptions on ports co-location may benefit the performance of certain UE implementations. It is worth observing that Rel-11 UEs might perform worse than legacy UEs in a number of typical deployments where ports co-location is actually present but it cannot be exploited by Rel-11 UEs.
Observation:

· The performance of Rel-11 UEs may be degraded compared to legacy UEs in a number of typical deployments, due to generalized assumptions on ports co-location.
In order to address the performance issue for Rel-11 UEs as described above, it would be possible to complement the pre-defined grouping as described in Section 3.2 by introducing configurable RS co-location. By RS ports co-location configuration it is meant that the network has the possibility to indicate to each UE which RS ports shall be assumed as co-located, thus enabling enhanced channel estimation performance when suitable. At the same time, flexibility in RS mapping to transmission points is not limited by pre-defined co-location rules.
It seems that DMRS estimation performance may particularly benefit from configurable RS ports co-location considering that consistent transmission points may in general not assumed for DMRS either in time domain (between subframes) or in frequency domain (between PRB groups). In case the same transmission point is employed for serving a certain UE over multiple subframes, it would be wasteful to not enable the UE to perform channel averaging over such subframes. Similarly, it is advantageous to guide the UE’s channel estimator in case similar channel properties according to the definition in Section 3.1 may be assumed over different PRB groups for the same subframe.
It is further noted that no co-location may be assumed between CRS, CSI-RS, DMRS, SSS/PSS even though some of these signals may be transmitted over co-located ports. In order to mutually improve the channel estimation accuracy for the above RSs it is possible to let the network indicate which ports co-location assumptions should be exploited even when such antenna ports are associated to different RS types.
Proposal:

· Performance degradation for Rel-11 UEs may be offset by letting the network signal suitable assumptions on RS ports co-location.
4 Summary

This paper analyzes the issues identified by RAN4 in LS [1] and proposes corresponding actions for RAN1 actions in order to address such concerns. The following observations and proposals are suggested:
Observation:

· The performance of Rel-11 UEs may be degraded compared to legacy UEs in a number of typical deployments, due to generalized assumptions on ports co-location.
Proposals:

· Introduce the definition of RS ports co-location in RAN1 specifications. 

· Pre-configure RS ports co-location for a limited number of RS ports in order to reduce testing complexity without limiting deployment flexibility.
· Performance degradation for Rel-11 UEs may be offset by letting the network signal suitable assumptions on RS ports co-location.
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