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1. Introduction
The CoMP study item is approaching its end. Performance evaluations of CoMP are still ongoing. The conclusions from the evaluations will offer guidance on whether to start a work item on CoMP. RAN1 has also been tasked to perform an assessment on the standardization impact of CoMP which will be useful in formulating a work item. 

This contribution discusses standardization impact of CoMP in preparation of a potential work item.
2. Impact Analysis

2.1. CSI Feedback

DL CoMP is expected to have a major impact on CSI feedback. In addition to CSI about the link used in the transmission to a UE, CSI for the links interfering with the transmission of interest is needed for the scheduling to be able to reduce interference via coordination. This means that a UE would need to feedback CSI corresponding to the two or three strongest links (which in turn corresponds to two or three transmission points unless multiple transmission points are mapped to the same link). 
It is important to clearly distinguish between cells and points and realize that what matters from a CoMP perspective are points and not cells.  Hence, the choice of links for CSI feedback should not be tied to a cell-id. It should instead be tied to the CSI-RS resources used for the measurements and those CSI-RS resources are configured in a UE specific manner. This approach of a CSI-RS measurement set ensures that CoMP remains agnostic to the cell-id deployment strategy, thus automatically supporting both multi- and shared cell scenarios considered in the CoMP study item. CSI-RS and zero-power CSI-RS are closely related and thus similar configuration flexibility need to exist for the latter as well. In fact, due to the already included support of UE specific configuration of zero-power CSI-RS, existing configuration mechanisms seem for the latter to be sufficient.
Observation
· Measurements on CSI-RS for CSI feedback

· UE specific configuration of the set of CSI-RS resources (patterns) that corresponds to the CSI-RS measurement set (referred to as CoMP measurement set using previous terminology)

· Example: UE reports CSI corresponding to three strongest CSI-RS resources in CSI-RS measurement set
CSI-RS provides information about the MIMO channel matrix part of the CSI feedback. But the interference level is also important. Currently, UEs are commonly assumed to be using CRS REs for estimating interference. Such an estimation strategy is however problematic even today as the interference level on CRS REs does not correspond to the interference level on data. With future CoMP applications in mind, it is even more questionable whether the use of CRS REs is a viable option. Heavy use of MBSFN subframes for PDSCH means that there is no CRS to use in the data region, and the limited CRS present in the control region would provide measures of PDCCH interference and would not reflect the interference level seen on PDSCH. Recent proposals on the use of non-frequency shifted CRS to avoid CRS interference on data also make it difficult using CRS REs. The shared cell concept and geographically separated antenna ports as part of the DL MIMO study item would also benefit from estimates of the interference reflecting the true levels seen on data.
Observation

· Measurements of interference for CSI feedback

· CRS REs are currently used but reliability is questionable, especially in a CoMP setting
· Feasibility of using CRS REs for interference estimation challenged even further when considering CoMP
· Heavy use of MBSFN subframes which does not carry CRS in the data region

· Use of non-frequency shifted CRS or shared cell to eliminate CRS interference on data
The content of the CSI feedback reporting is the second part of the CSI feedback work. Staying with well-established implicit feedback is a natural assumption to secure testability and make the work load manageable in both RAN1 and RAN4. Reporting CSI per CSI-RS resource in a selected subset of CSI-RS resources in the CSI-RS measurement set is a natural and simple starting point.  Overall, the main focus should be on simpler forms of CoMP that are robust with respect to CSI estimation error impairments. In particular, multi-user joint transmission is very sensitive to estimation errors and is therefore reasoasnble to be down-prioritized. On the other hand, single-user joint transmission may be considered to enhance performance in low load situations. In general, for robustness reasons it makes sense to put most of the efforts on coordinated scheduling type of schemes.
Observation

· Content of CSI feedback reporting

· CSI feedback within the well-established implicit feedback framework

· Reporting CSI per CSI-RS resource in a subset of CSI-RS measurement set

· Focus on simple and robust forms of CoMP that do not rely on massive amounts of accurate CSI
· CSI for coordinated scheduling and dynamic blanking is a promising candidate
· Down-prioritize multi-user joint transmission because of its sensitivity with respect to CSI impairments.
· Single-user joint transmission support can be considered as a hierarchical extension to per CSI-RS resource reporting

2.2. Downlink Transmission

Compared to other CoMP schemes, joint transmission is in many scenarios particularly challenging to introduce in LTE. Since joint transmission relies on borrowing resources from other points than the serving point, collisions between a joint transmission and frequency-shifted CRS and between a joint transmission and control signaling may occur. Dynamic point selection CoMP also faces a similar collision problem. Proposed remedies for CRS collisions for joint transmission appear messy from a PDSCH mapping perspective and incur a high additional overhead which may offset a large portion of the potential gains of joint transmission. This is however not a problem in the shared cell concept in Scenario 4 where points in the CoMP cluster are all associated with the same CRS. For multi-cell scenarios, remaining options appear to include heavy usage of MBSFN subframes or attempting to use non-frequency shifted CRS. Both alternatives however sacrifice legacy UE operation and the latter introduces high interference on the CRS which may create additional problems for mobility measurements. 
Observation

· Frequency-shifted CRS and varying control region sizes within CoMP cluster

· Joint transmission and dynamic point selection may collide with CRS and DL control in multi-cell scenarios
· Not a problem for shared cell scenarios. Hence, those CoMP techniques may be primarily considered for shared cell

· Joint transmission collisions with CRS are messy to mitigate and incur a high overhead

The widespread introduction of UE specific RS in LTE provides flexibility with respect to transmission schemes, deployments and antenna arrangements since the precoder used in the transmission becomes transparent to the UE. This is in principle true but whether those attractive features are realized in practice depends to a large degree on UE implementation. In the DL MIMO study item, there are already real-life demonstrations on how commercial UEs may fail in dealing with transparency of transmissions. It is therefore important that RAN4 at an early stage considers performance requirements for the new uses of transmission transparency enabled in principle by UE specific RS and exploited in CoMP. In CoMP, different antenna ports may be associated with different physically dislocated points. For example, CRS may be transmitted from the serving point while UE specific RS is transmitted from any of the points within the CoMP cluster. Proper UE performance requirements need to be set to handle such situations or else we risk disappointments when bringing the technology to the field and we would need to restrict which CoMP transmission schemes to consider in LTE. 
Observation
· RAN4 performance requirements ensuring transparency of transmission via UE specific RS

· Transparency cannot be taken for granted with real-life UE implementations

· Beneficial to secure at an early stage to enable proper selection of CoMP schemes to support in RAN1
· Different antenna ports may be transmitted from different physically dislocated points

· Example: CRS from serving point and UE specific RS from any point within CoMP cluster

UE specific RS are in many ways flexible and have been recently improved with the introduction of the new antenna ports 7 – 15 in Rel-9/10. But one aspect that is more restrictive with the new antenna ports than with the original antenna port 5 is the lack of UE specific scrambling of RS sequences. Only two different scrambling sequences can be employed in a cell while with antenna port 5, each UE had a scrambling sequence of its own. This is an unnecessary restriction that complicates the operation of shared cell scenarios where different UEs may end up with exactly the same scrambling code in a cell, resulting in increased interference impact and limitations on the area splitting gains in heterogeneous deployments. Thus, ways to ensure that different UEs can use different scrambling codes for UE specific RS should be re-introduced. The same goes for scrambling sequences for CSI-RS where it would be beneficial to support UE specific sequences. Note that (re-)introducing association rules for scrambling sequences with DM-RS and CSI-RS is easily achieved and the specification efforts are therefore marginal.
Observation

· Association of scrambling sequences to DM-RS and CSI-RS antenna ports
· Improved support of shared cell scenarios
· Easily accomplished with marginal specification efforts
Capacity and coverage of downlink control channels can be enhanced by supporting CoMP also for the control channels, thereby offering similar degree of transmission flexibility for control as for data. This implies support of UE specific RS for control and could be accomplished along the lines of the design used for R-PDCCH supporting control on the relay backhaul. The use of UE specific RS provides area splitting gains for shared cell scenarios as well as reduces the need of detrimental macro blanking protecting control transmissions in the range extension zone of heterogeneous deployments obeying multi-cell Scenario 3 principles. Coordination of control transmissions between macro and pico could thereby easily be achieved in both frequency and time without adversely affecting data transmissions. An enhanced downlink control channel based on UE specific RS is also addressed in the downlink MIMO study item so much of the design work could take place there, assuming work is synced with the progress in the CoMP investigations. 
Observation
· CoMP on downlink control for enhancing control capacity and coverage

· Support of UE specific RS for downlink control channels

· Allows easy coordination in time and frequency of control over macro and pico layers

· Also partly addressed in DL MIMO study item

· Downlink control supporting CoMP operation on PDSCH
2.3. Uplink Transmission
Most of the focus is understandably on downlink CoMP. Uplink CoMP is after all in many ways transparent to the standard. There are however some aspects of uplink CoMP and uplink transmission in the context of CoMP that would need to be addressed to ensure efficient system operation. The primary enhancement areas seem to be [1] 
· uplink power control

· flexible configuration of transmission properties for reference signals. 
The latter area includes UE specific configuration of scrambling/base sequences for reference signals and is rather similar to the corresponding area for the downlink. Just as for downlink, the standardization efforts are expected to be small while the benefits could be large both in homogeneous as well as heterogeneous deployments.  A problem in heterogeneous deployments according to Scenario 3 is that the transmission and reception points may differ and current specifications lead to “incompatible” signals when UEs served by different cells are received at the same reception point, hence harming possibilities for co-scheduling of UEs and maintaining orthogonality of DM-RS. Correspondingly, in Scenario 4, the sharing of a single scrambling/base sequence may limit the area splitting gains and thus limit capacity. As further detailed in our companion contribution [1] , the issues in both Scenario 3 and 4 can easily be addressed by UE specific configuration of scrambling/base sequences for reference signals. Dynamic signaling would be particularly attractive as it allows the scheduler to seize opportunities for orthogonal transmissions.
Uplink power control currently does not take uplink CoMP into consideration. Instead, the path-loss estimate is based on the CRS transmitted from the serving transmission point(s), which may be different from the reception points used in the uplink CoMP. A similar problem arises for heterogeneous deployments where the transmission points carrying CRS are often different from the intended reception point(s). In Scenario 3, the cell selection offset is typically smaller than the power difference between the macro and pico points, resulting in different range extension zones for downlink and uplink. This means that UEs in the outer part of the uplink range extension zone erroneously estimates the path-loss towards the macro but really intends to transmit in the uplink towards a pico point, which it should adjust the power control for. Similar situations arise for Scenario 4 where the path-loss estimates based on CRS fail to correspond to the path-loss for the link towards the reception point. Note that errors in the path-loss estimate affect both open- as well as closed-loop power control since the path-loss value constitutes a corner stone of the power control formula in both cases.
Observation

· Uplink power control 

· Open-loop and closed-loop power control dealing with problems arising in a coordination context in heterogeneous deployments
· Path-loss estimation to intended reception points

· Consider closed-loop power corrections
· Consider uplink power control targeting uplink CoMP operation

· UE specific configuration of transmission properties for reference signals
· Including dynamic association of scrambling/base sequences to reference signals

3. Summary and Conclusions
This contribution discussed standardization impact of downlink as well as uplink CoMP. Areas with standardization impact for CoMP include
· Measurements on CSI-RS for CSI feedback

· Measurements of interference for CSI feedback
· Content of CSI feedback reporting
· Frequency-shifted CRS and varying control region sizes within CoMP cluster
· RAN4 performance requirements ensuring transparency of transmission via UE specific RS
· Association of scrambling sequences to DM-RS and CSI-RS antenna ports
· CoMP on downlink control for enhancing control capacity and coverage
· Uplink power control
· UE specific configuration of transmission properties for reference signals
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