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1. Introduction
In CoMP scenarios, macro-eNB and RRHs either share the same cell ID or pocess different cell IDs.  For better CoMP performance, correct selection of CoMP cooperating and/or tansmission points and accurate CSI information are necessary.  In order to obtain correct CoMP cooperating and/or tansmission set, practical and robust measurement methods are needed.  Two measurement methods, CSI-RS based and SRS based, are discussed in previous meetings and each method has its pros and cons.  However, there is no consensus on which measurement method to be adopted yet.  After CoMP transmission point selection, how to maintain accurate CSI information for all transmission points in the CoMP transmission set over time is another important issue.  The maintenance of accurate CSI information relies on CSI-RS configuration for measurements and CSI reporting mechanism.  In this paper, possible issues of CoMP transmission point selection and CSI feedback for CoMP scenarios are identified and discussed.


2. Transmisison Point (TP) Selection and CSI feedback
The scheduler(s) will need to determine the TPs (with corresponding antenna set) to serve each UE.  Such a TP selection process can be done with the assistance from the UE, through either measaurement and reporting or SRS transmission.  The decision on TP selection may or may not be notified to the UE.  Even though the transmission point of PDSCH can be transparent to the UE thanks to the user specifc reference symbols, the UE may still need to be aware of the CSI-RS antenna ports corresponding to the actual transmission point for the purpose of CSI feedback (either jointly or per-TP).  In fact, due to the possible pathloss difference between TPs, the association between antenna ports and TPs may also be needed for better pathloss estimation.  It is understood that, if the TPs are unknown to the UE, it may still report CQI based on the UE-specific RS.  However, such CQI may not be valid for other transmission conditions (e.g, different sub-band, rank, or precoder).  It is reasonable to think, as one example of CoMP operation, both TP selection and CSI feedback could be based on CSI-RS.  Hence, in this paper, TP selection and CSI feedback are discussed together. 


3. CoMP Transmission Point (TP) Selection
For CoMP TP selection, there are two possible measurement schemes to provide information of link quality from UE to eNB – CSI-RS based scheme; SRS based scheme.  As mentioned in [1] and [2], measurements based on CSI-RS conveys more accurate information about the downlink signal quality because UE may not be able to know the point type (macro-eNB or low-power RRHs) and its downlink transmission power which are required to estimate the relative downlink signal quality at the UE through SRS.  However, CSI-RS based scheme for the selection of CoMP transmission points requires more specification efforts.
CSI-RS based TP selection:
· RRM measurement set configuration – 

In Rel-10 RRC signaling information element of CSI-RS configuration, there is only one CSI-RS configuration index with non-zero transmission power so UE by default conducts measurements on this CSI-RS configuration for CSI feedback.  However, in order to select the best CoMP transmission points, it is required for UE to conduct measurements on CSI-RS ports for more points in addition to CoMP transmission points.  The points for which UE is requested to conduct measurements can be viewed as an RRM measurement set.  If the CSI-RS configuration with non-zero transmission power includes all antenna ports used by points in the RRM measurement set, UE does not need additional information regarding to the RRM measurement set.  If not, UE needs additional information regarding to RRM measurement set and additional specification efforts are needed.  Therefore, the necessity of additional signaling for RRM measurement set configuration depends on whether Rel-10 CSI-RS configuration can already provide enough information of the RRM measurement set, for example if the UE needs to be informed of the CSI-RS ports association with one or more TPs and their cell-ID if different.
· Periodicity of CoMP TP set update –
To reduce the measurement burden for UE and the overhead of configuration signaling, it is suggested that CoMP cooperating point selection can be done every several subframes or frames, depending on UE’s mobility.  The periodicity can be signaled to UE so that it can conduct the measurements and feedback necessary information to eNB at the right timing.
· Time length of RRM measurement period –
Since CSI-RS does not appear in every subframe and one-shot measurement of CSI-RS may not be able to reflect the average link quality from one point, an RRM measurement period is suggested to average measurements over time so as to eliminate possible short-term fading effect.  This time length should also be signaled to UE.  Figure 2.1 shows an example to illustrate the relationship between the periodicity of CoMP TP set update and the time length of RRM measurement period.
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Figure 2.1  Illustration of measurements and CoMP TP set update
SRS based TP selection:
In SRS based method, the issues shown above in CSI-RS based measurement method are eNB/RRHs implementation issues so there is no specification efforts needed.  However, there are two additional possible issues.
· SRS configuration –
To obtain valid estimation on the link quality between UE and points for a period, the measurements at points may need to be averaged over both time and frequency domain so narrow-band and single-shot SRS transmission from UE to points may not be feasible for CoMP TP set update.  How to configure SRS transmission to be feasible for CoMP TP set update needs to be further studied.
· Power control of SRS transmission –
In Rel-10, power control for SRS transmission is done for a specific point.  In CoMP, there are multiple points so which point should be the reference point for close-loop power control and whether open-loop power control can be applied here require further studies.  In our views, open-loop power control is more feasible when UE is transmitting SRS for CoMP TP set update but the pathloss estimation is still an issue. 
For CoMP TP selection, we propose:
Proposal #1:  Configuration of CoMP transmission points update, including RRM measurement CSI-RS set, update periodicity of CoMP TP set and time length of RRM measurement period should be considered if CSI-RS based TP selection is adopted.
Proposal #2:  SRS configuration including power control of SRS transmission for the purpose of CoMP TP set  update should be further studied if SRS based TP selection is adopted.


4. CSI-RS Configuration and CSI Feedback

In CoMP operation, it can be divided into two stages in our views.  First, measurement and feedback for CoMP TP set update; second, measurement and feedback for CSI information update.  For the first stage, it may require new feedback type for UE measurement results if CSI-RS based measurement method is adopted (as discussed above).  For the second stage, there are two possible issues – CSI-RS configuration and CSI reporting mechanism.

· RRM measurement feedback –
If CSI-RS based TP selection is adopted, how to feedback UE measurement results for eNB to select CoMP transmission points efficiently is an important issue, i.e. a new feedback type may be needed.  However, there is no such issue if SRS-based TP selection is adopted.
· CSI-RS configuration –
Based on measurements on CSI-RS, UE feedbacks the measurement results either for CoMP TP set update or CSI information update.  There are two possible schemes to utilize CSI-RS ports.

Scheme #1: Single CSI-RS configuration with non-zero transmission power for multiple points
Since Rel-10 CSI-RS configuration is a nested design, i.e. a specific combination of two 2-port CSI-RS configurations form one 4-port CSI-RS configuration and a specific combination of two 4-port CSI-RS configurations form one 8-port CSI-RS configuration, it enables the possibility for multiple points to share single CSI-RS configuration.  The advantages of this scheme are signaling overhead saving, efficient CSI-RS resource utilization and little specification impact on CSI-RS-Config but there is limitation on the maximal antenna ports a point can use for CoMP.
Scheme #2: Single CSI-RS configuration with non-zero transmission power for single point
If each point uses one CSI-RS configuration with non-zero transmission power, maximal number of layers each point can support is up to 8.  However, there might be waste of CSI-RS resource because 4/8-port CSI-RS configurations overlapping with the 2-port CSI-RS configuration can not be utilized for other points when the 2-port CSI-RS configuration is already used by one point.
In our views, scheme #2 can provide better flexibility on the number of antenna ports one point can support.  Though there may be concerns on the waste of CSI-RS resources, it can be minimized by careful configuration by eNB.
· CSI reporting mechanism –
From above, there are two possible schemes to utilize CSI-RS ports.  For scheme #2, there may be multiple CSI-RS configuration indices with non-zero transmission power in CSI-RS-Config so UE can just conduct measurements on each configured CSI-RS configuration and follow Rel-10 CSI reporting mechanism.  The only possible problem is CSI-RS reporting collision, which can be resolved by utilizing the collision resolution rule in Rel-10 CA.  For scheme #1, it becomes more complicated.  Depending on the utilization of CSI-RS ports among points, the CSI reporting mechanism may be different.
For CSI-RS configuration and CSI feedback, we propose:

Proposeal #3:  New measurement feedback type should be considered in feedback mechanism design if CSI-RS based TP selection scheme is adopted.

Proposeal #4:  Multiple CSI-RS configurations with non-zero transmission power in CSI-RS-Config RRC information element should be allowed for CoMP operation.


5. Conclusion

In this paper, possible issues are identified and discussed for CoMP TP selection and CSI feedback.  In CoMP TP set update, both CSI-RS based and SRS based scheme are discussed.  Compared to SRS based scheme, CSI-RS based scheme requires more specification efforts.  In our views, if the DL CoMP performace can be guaranteed, SRS based scheme seems a better way to go, from specification perspective.  In CSI-RS configuration and CSI feedback, some specification efforts are required to facilitate CoMP operation.  Based on the discussion in previous sections, proposals are summarized as follows.
Proposeal #1:  Configuration of CoMP transmission points update, including RRM measurement CSI-RS set, update periodicity of CoMP TP set and time length of RRM measurement period should be considered if CSI-RS based TP selection is adopted.
Proposeal #2:  SRS configuration including power control of SRS transmission for the purpose of CoMP TP set  update should be further studied if SRS based TP selection is adopted.
Proposeal #3:  New measurement feedback type should be considered in feedback mechanism design if CSI-RS based TP selection scheme is adopted.

Proposeal #4:  Multiple CSI-RS configurations with non-zero transmission power in CSI-RS-Config RRC information element should be allowed for CoMP operation.
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