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1. Introduction
The latest version of TR36.819 contains very basic analysis on the areas which potentially require some radio interface specification work in order to support CoMP. From the related discussions, it seems necessary to introduce some specification changes in Rel-11 in order to facilitate the CoMP operations considered so far, and it is obvious that any specification change needs to take into consideration the discussions and decisions in other related WIs. 
This contribution provides our view on the specification impact of CoMP in a few selected areas including DL DM RS, interference measurement, RRM, and UL power control. We note that our views on DL control signaling enhancement and CSI feedback for CoMP are in the accompanying contributions [1] and [2], respectively.
2. Discussion
2.1. DL DM RS

One possible specification work area for CoMP is DL DM RS. By the nature of CoMP, a CoMP UE sees strong signal (comparable to the serving cell signal strength) from a neighboring cell, and this neighboring cell signal can cause interference (in CS/CB) or contain the desired signal for the targeting CoMP UE (in JT). This CoMP transmission needs to be taken into consideration in designing DL DM RS.
For CS/CB, DM RS of antenna ports 7 and 8 in a cell collides with a neighboring cell’s DM RS but the scrambling sequence is not the same due to the cell-ID dependent nature of the sequence generation. So, as illustrated in Figure 1-(a), the DM RS transmission of a cell is not orthogonal to a neighboring cell’s DM RS even though the two cells are assigning different antenna ports distinguished by different Walsh cover. This non-orthogonality of DM RS can cause errors in establishing the receiver processing into the direction in which inter-cell interference can be rejected. Similar situation can occur in JT case as well because a cell, which helps a neighboring cell UE by JT, can schedule its own UE at the same resource as shown in Figure 1-(b). Then, the DM RS for the two signal components cannot be orthogonal even when the eNB assigns different antenna ports. This issue can be resolved by allowing each CoMP cell to configure the scrambling sequence of DM RS irrespective of its cell ID. For example, all the cells within a CoMP cluster use the same scrambling sequence so that the orthogonality of DM RS among different antenna ports can be guaranteed regardless of the actual transmission cells.
[image: image1.emf]eNB1

UE1

eNB2

Port 7 with 

scrambling 

sequence A

UE2

(a)

Port 8 with 

scrambling 

sequence B

Interference

 [image: image2.emf]eNB1

UE1

eNB2

Port 7 with 

scrambling 

sequence A

UE2

(b)

Port 8 with 

scrambling 

sequence B


Figure 1. Examples of the interference between different antenna ports in case of (a) CS/CB and (b) JT.
Another aspect that can be considered with regard to DL DM RS is the number of UEs that can be paired simultaneously in a given time/frequency resource. As it is anticipated that more UEs will be scheduled together in a CoMP cell, especially in case of CoMP scenario 4 in which geographically separated antennas of a single logical cell serve multiple UEs in a MU-MIMO-like manner, it may be crucial how many UEs can be co-scheduled. Rel-10 specification can co-schedule up to four UEs (each UE has transmission rank 1) with two orthogonal and two pseudo-orthogonal DM RS patterns. This co-scheduling capability of Rel-10 specification may limit the achievable CoMP gain, so further study seems to be needed on how to increase the UE pairing capability.
2.2. Interference measurement for CSI feedback

As discussed in [3], an issue in CoMP CSI feedback is the interference measurement. For JT, it is obvious that the network should be able to estimate the interference only accounting for the interference outside the transmission points, i.e., the signal of the JT transmission points should not be counted in the CQI calculation. In addition, it is also beneficial to exclude the interference from the coordinating points even in CS/CB case because it becomes easier for the network to estimate the actual CQI achievable by CS/CB operation by adding the interference level outside of the CoMP set and the estimated interference leakage from the coordination points to the concerned UE.
In order to support this operation, an interference measurement method needs to be provided for CoMP UEs. One possible way would be to use the restricted CSI measurement of Rel-10 specification. To be specific, the above-mentioned interference measurement can be done by configuring a subframe subset for a CoMP UE and letting the coordinating points transmit no signal in the configured subset. This approach also has limitation that some resource wastage is expected and CSI reporting opportunity is limited in aperiodic reporting, so further investigation, with the possibility of the enhancement to Rel-10 restricted CSI measurement, is needed on its feasibility and efficiency.
If it is identified that an alternative approach is needed for the interference measurement of CoMP UEs, a specification-based solution can be considered. We can consider two different approaches as follows: One is to define a UE behavior so that a CoMP UE should estimate and report the interference not accounting for a certain set of transmission points. Details of the estimation could be UE implementation dependent but one possible way is to subtract the contributions of the coordinating points to the observed overall interference by using CSI-RS or RSRP measurement. The other way is to configure a set of resources (potentially with a granularity finer than a subframe) to which the interference measurement is restricted in an explicit manner. For example, the network can configure one or more zero-power CSI-RS pattern(s) on which the UE should limit its interference measurement for CoMP CSI feedback and the coordinating points perform muting on the configured REs. In either approach, the accuracy of the interference measurement should be carefully investigated. 
2.3. RRM measurement
RRM measurement and report provide the network with the basic information on the UE location and the suitable transmission point association. However, in some scenarios like CoMP scenario 4, the existing RRM procedure cannot provide this information because the RRM measurement is per-cell basis. So, another solution needs to be provided for an efficient operation of the scenario in which the network is required to track the UE location within a cell. It was discussed that the network can determine the suitable transmission point(s) of a particular CoMP UE based on the pathloss estimated from the received UL signal, but its effectiveness has not been studied yet.
If a specification-based solution is deemed necessary, an additional RRM procedure can be introduced based on reference signals other than CRS. A specific set of CSI-RS ports that is assigned to a particular transmission point can be used to identify whether or not a UE is close to that point. Once introduced, this approach is also useful in measuring the cells that have CRS colliding with each other, which is a network deployment scenario considered in the WI of Further Enhanced ICIC [4]. 
2.4. UL power control

UL power control is also included in the areas on which CoMP operation may require some specification change. For example, if RRM measurement is done on reference signals other than CRS as discussed in the previous subsection, it will be reasonable to determine the pathloss used for the power control formulae from the reference signals used for RRM. This enables a CoMP UE to adjust its transmission power according to the pathloss from the transmission point with which the UE is associated in CoMP scenario 4.
With regard to UL joint reception, we can consider some modifications to the power control formulae in such a way that a CoMP UE measures the pathloss from multiple reception points and determines its transmission power accordingly as exemplified in [5]. By this kind of operation, UL transmission from a CoMP UE can reach the reception points with a lowered transmission power since the UE becomes able to estimate the strength of the UL transmissions that will be obtained after the joint reception process and, as a result, the UE can reduce its transmission power when the joint reception can provide sufficient signal quality. This feature will be helpful in saving UE battery consumption and reducing the overall interference level to other points not participating in the reception. 
3. Summary
We discussed in this contribution several areas that may require some specification changes to facilitate CoMP operations. The discussed areas include DL DM RS, interference measurement for CSI feedback, RRM measurement, and UL power control. Based on this discussion, we propose to study what will be the required specification changes in those areas and how much benefit can be obtained from the new features.
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