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1. Introduction

Providing support for Coordinated Multi-Point (CoMP) operation both in the downlink (DL) and uplink (UL) has been identified [1] as an important feature with significant potential towards improving the system performance in 3GPP-LTE deployments.  Based on the approved CoMP TR [1], the extent to which specified support is necessary for UL CoMP in Rel-11 should be investigated as part of the current CoMP WI. One of the key aspects of CoMP standardization is the control and signalling mechanisms needed for proper configuration of CoMP-specific parameters. In this contribution, we present some discussions on the UL control signaling framework that can be used for configuration of UL CoMP. The aspects of downlink control signaling for the support of DL CoMP are treated in a companion contribution [2].
2. Discussion on the control signaling for UL CoMP
Although compared to DL CoMP, UL CoMP is expected to require less specification changes, careful provision of such changes are esential for effective realization of the gains offered by UL CoMP. More specifically, it is necessary that the different UL CoMP sets are well-defined and proper signaling schemes are used to facilitate an efficient operation of different UL CoMP schemes. According to the agreements in 3GPP RAN1 WG and as reflected in the CoMP TR [1, Section 6.1.4], the following CoMP sets have been defined with respect to UL CoMP:

· (UL) CoMP cooperating set

· CoMP reception point(s) set (CoMP RP set)

Also, UL CoMP has been categorized to operate in one of two possible modes [1, Section 6.1.3]: 

1. Joint reception (JR): Physical Uplink Shared Channel (PUSCH) transmitted by the UE is received jointly at multiple points (part of or entire UL CoMP cooperating set) at a time, e.g., to improve the received signal quality.

2. Coordinated scheduling and beamforming (CS/CB): User scheduling and precoding selection decisions are made with coordination among points corresponding to the UL CoMP cooperating set. However, the PUSCH transmitted by the UE is received at one point only.

The configuration of the two CoMP sets and other associated control signaling necessary to support the above modes of UL CoMP are described next. Before presenting the details of the UL CoMP specific CoMP sets, we first describe a CoMP set that is common to both DL and UL CoMP operations: (CoMP) RRM measurement set [1, Section 5.1.4]. 

The (CoMP) RRM Measurement Set, if defined, is a set of points for which radio resource management (RRM) type of measurement (e.g., reference signal received power (RSRP)) is performed by the UE. Such long-term measurements may be reported by the UE to convey information on nearby points to aid the eNB in determining the UL CoMP cooperating set. As described in [2], the CoMP RRM measurement set may be configured as cell-specific if no information other than the serving cell ID is available at the eNB. Also, since the set is not expected to change dynamically,  it can be configured through RRC signaling.
Alternatively, periodic Sounding Reference Signal (SRS) transmissions may be configured and the network can measure the UL signal quality at potential RPs. This information may be used to determine the UL CoMP cooperating set, in which case there is no need to specifically define and signal (CoMP) RRM measurement set for the UE. Further, for this alternative, the equivalent of the CoMP RRM measurement set may be interpreted as UE-specific instead of being cell-specific.  
Proposal 1: The identification of the points in the UL CoMP cooperation set at the eNB may be determined using the configuration information of the (CoMP) RRM measurement set if the latter is defined and configured. Alternatively, it may also be determined based on information obtained from periodic measurements of UL signals (say via periodically configured SRS transmissions) at multiple points.
UL CoMP Cooperating Set:  The UL CoMP cooperating set is a set of points that may be designated and prepared  for data reception from a UE. This is the set of points that perform channel estimation for scheduling based on SRS transmissions from the UE. This set is determined by the eNB based on UE’s feedback on CoMP RRM measurement set or based on UL SRS measurement at multiple points. The UL CoMP cooperating set is UE-specific as it depends on the long-term conditions of channels from a UE to different nearby points. 
The configuration of the UL CoMP cooperating set may be expected to affect the performance of SRS reception and the uplink power control for SRS. Hence, for effective operation of UL CoMP, the UL CoMP cooperating set configuration including a configuration of CSI-RS resources (especially for Scenario 4) may need to be signaled to the UE.
Considering the effects of UE mobility and time-varying channel propagation characteristics, the UL CoMP cooperating set may be expected to vary dynamically. Consequently, the UL CoMP cooperating sets may be set or changed dynamically at the RRC or MAC layers. 
Proposal 2: The UL CoMP cooperating set is UE-specific and may be set or changed dynamically via RRC or MAC layer signaling.
CoMP Reception Point(s) Set: The CoMP RP set is the set of points that actively receive data from the UE. The CoMP RP set is a subset of the UL CoMP cooperating set. While for JR, the CoMP RP set may include multiple points from the UL CoMP cooperating set, for CS/CB, this set consists of only one RP from the UL CoMP cooperating set. The constitution of this set may vary on a subframe timescale depending on the UL scheduling decisions at the eNB. Similar to the UL CoMP cooperating set, the CoMP RP set is considered as UE-specific. In principle, this set determines the optimal uplink power control parameters and DM-RS assignments. It may be signaled to the UE explicitly or implicitly utilizing the already signaled UL CoMP cooperating set configuration.
Proposal 3: The CoMP RP set is UE-specific and may be set or updated dynamically at the RRC or MAC layer.
Once the UL CoMP cooperating set is defined and UL CoMP operation starts, as the UE moves, the UL CoMP cooperating set and CoMP RP set may change dynamically. Therefore, the signaling framework should also support dynamic changes in the UL CoMP cooperating sets once UL CoMP is configured.
Proposal 4: The MAC/RRC signalling used for UL CoMP configuration should take into account dynamic changes in UE-specific UL CoMP cooperating set and CoMP RP set after UL CoMP operations start. 

Note that, apart from the signaling of the UL CoMP sets (e.g. CSI-RS resource configurations), the UL CoMP signaling framework should support the signaling of various other parameters that may be classified as listed below:
· Open loop power control parameters (e.g. target SNR (P​​0), α): These parameters are related to the configuration of the CoMP RP set.
· Uplink demodulation reference signals (DM-RS) parameters (e.g. information relating to the configuration of base sequences, cyclic shifts): These parameters are related to the configuration of the CoMP RP set. 

· SRS parameters (e.g. information relating to the configuration of base sequences, cyclic shifts, open loop power control parameters for SRS): These parameters are related to the configuration of the UL CoMP cooperating set.
Some of these parameters may be configured as cell-specific and some as UE-specific. Depending on the exact signaling design, some of these parameters may be implicitly indicated via indexing to a list of predefined parameters signaled during the configuration of the UL CoMP cooperating set while some others may be indicated explicitly. Further, depending on the choice between semi-static vs. dynamic signaling of various parameters, they may be signaled via RRC or MAC layers, or even carried in the DCI of the appropriate PDCCH at the PHY layer (e.g. the UE-specific cyclic shift information may be carried in an uplink-related DCI as in Rel-10 operation).
Proposal 5: The signaling framework should support not only the signaling of the UL CoMP sets but also some relevant parameters related to uplink power control and/or reference signals via RRC/MAC/PHY layer signaling, depending on the contents and the dynamic nature of the information to be conveyed.
3. Conclusions
In this contribution UL control signaling that can be used for configuration of UL CoMP sets is discussed. Based on the above discussions, the proposals in this contribution are summarized below:

Proposal 1: The identification of the points in the UL CoMP cooperation set at the eNB may be determined using the configuration information of the (CoMP) RRM measurement set if the latter is defined and configured. Alternatively, it may also be determined based on information obtained from periodic measurements of UL signals (say via periodically configured SRS transmissions) at multiple points.
Proposal 2: The UL CoMP cooperating set is UE-specific and may be set or changed dynamically via RRC or MAC layer signaling.
Proposal 3: The CoMP RP set is UE-specific and may be set or updated dynamically at the RRC or MAC layer.
Proposal 4: The MAC/RRC signalling used for UL CoMP configuration should take into account dynamic changes in UE-specific UL CoMP cooperating set and CoMP RP set after UL CoMP operations start.
Proposal 5: The signaling framework should support not only the signaling of the UL CoMP sets but also some relevant parameters related to uplink power control and/or reference signals via RRC/MAC/PHY layer signaling, depending on the contents and the dynamic nature of the information to be conveyed.
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