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1. Introduction

Uplink (UL) coordinated multipoint (CoMP) reception is expected to offer higher uplink capacity [1]. In CoMP scenarios 3 and 4, since pico nodes are geographically distributed within the macro node’s coverage area, appropriate selection of uplink reception points (RPs) is necessary to achieve large uplink CoMP gain. By selecting RPs with minimum path loss, uplink transmit power can be minimized. Such RP selection is somehow possible by current mobility procedure by RRC using CRS for CoMP scenario 3 but it might not be sufficient when frequent change of RP is required. Furthermore, such RRC based mobility procedure is not sufficient for CoMP scenario 4. 
So far, a couple of RP selection methods have been identified. Even though the RP selection itself is the matter of eNB implementation, we need the discussion whether or not the assistant mechanism with standardization impact is necessary. This contribution discusses these aspects.
2. RP selection for UL CoMP scenarios 3 and 4
2.1. Downlink CRS-based RP selection (only for scenario 3)
The CRS based RP selection can only be used in CoMP scenario 3, in which pico nodes have their own cell IDs. It can be done in the same manner as Rel.10 mobility measurement as follows:
1. The UE measures RSRP by CRSs of currently connected RPs and possible RP candidates.
2. Depending on RRC configuration, the UE reports the RSRP measurement results to the network in event based and/or periodical manner. The event configuration could be like “candidate RP becomes offset better than current RP”, which is similar event as A3 in [2].
3. The network selects RPs to be served to the UE based on the RSRP measurement report and indicates the parameters regarding UL-RS, power control, etc, to the UE.
4. The UE updates the above uplink-related parameters.
RSRQ may be also used in addition to RSRP. 

The above procedure is exactly same as the current RRC based mobility except "cell" is described as "RP" in the above. However, the smaller coverage of pico nodes may result in a frequent change of cell in order to select the RPs with minimum path loss. This could increase the network complexity on the handling of RRC message.
It should be noted that the CRS based RP selection cannot be applied to CoMP scenario 4, in which pico nodes share the macro node’s cell ID, since all the pico nodes in a cell transmit the same CRS. 
2.2. Downlink CSI-RS based RP selection (for both scenarios 3 and 4)
CSI-RS can be used for RP selection in CoMP scenarios 3 and 4. Assuming different CSI-RS configuration is used for each RP for simplicity, RP selection can be done as follows:
1. CSI-RS configurations are set to the RPs as a network side operation.
2. Information on CSI-RSs corresponding to currently connected RPs and possible RP candidates are indicated to the UE.
3. The UE measures RSRPs for the indicated CSI-RSs.
4. Depending on the configuration, the UE reports the RSRP measurement results to the network in event based and/or periodical manner. The event configuration could be like “candidate RP becomes offset better than current RP”, which is a similar event as A3 in [2].
5. The network selects RPs to be received from the UE based on the RSRP measurement report.
6. If RP selection is transparent to UE, there is no action for UE. If RP selection is not transparent to UE, some configuration for the uplink transmission might be indicated to UE.

CSI-RS can be used instead of CRS for RP selection in CoMP scenario 4. However, as written above, configurations of CSI-RSs (or a list of CSI-RS for RP candidates) must be shared between the network and UE before the reporting of RSRPs.
In the context of downlink CoMP, CSI-RS based transmission point (TP) selection for downlink CoMP has been discussed. If the CSI-RS based TP selection is supported, CSI-RS based RP selection for uplink CoMP looks the most straightforward way because RSRP measurement results for TP selection can be reused for RP selection.

2.3. Uplink SRS based RP selection (for both scenarios 3 and 4)
Uplink sounding reference signal (SRS) is basically used to measure channel state information (CSI) at eNB to perform frequency-domain PUSCH scheduling and MCS selection, but it can also be used for RP selection as follows:

1. SRS transmitted from the UE is received at currently connected RPs and possible RP candidates.
2. eNB measures the received power level of the SRS at RPs.
3. Depending on SRS received power level, the network selects RPs to be received for the PUSCH/PUCCH
4. If RP selection is transparent to UE, there is no action for UE. If RP selection is not transparent to UE, some configuration for the uplink transmission might be indicated to UE.
The merit of SRS based RP selection is that the received signal power can directly be measured by eNB and RSRP measurement report from UE is not necessary. However, in order to measure SRS received power accurately at RP candidates as well as the currently connected RPs, SRS coverage should be larger than PUSCH. This can be realized by proper SRS interference coordination among multiple RPs and/or different power setting on SRS.
3. Conclusion

In this contribution, reference signal based RP selection methods for CoMP scenarios 3 and 4 were elaborated.
For CoMP scenario 3:

All the three RP selection methods can be used. Among them, CRS based RP selection is the simplest since it has no spec impact. SRS can also be used depending on the network deployment policy.
For CoMP scenario 4:

CSI-RS based and SRS based RP selection methods can be used. 
CSI-RS based method needs further study especially in the relation to DL CoMP TP selection. Further study is needed on whether or not some enhancement on SRS based method is necessary. 
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