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1. Introduction
In CoMP scenario 4, macro-eNB and RRHs inside the macrocell coverage share the same cell ID.  In this way, the signal-to-noise ratio on physical channels/signals can be largely enhanced inside the macrocell but there won’t be frequency resource reuse gain due to the deployment of picocells, compared to CoMP scenario 3 [1].  To enable frequency resource reuse for RRHs inside the macrocell for CoMP scenario 4, point association is needed.  The performance of point association highly depends on the accuracy of channel state information (CSI).  Without accurate CSI, UE may not be able to associate to the right point(s) which provide the best link performance.  Accurate CSI relies on good mechanisms of measurements and feedbacks, which are actually the key designs in point association.  According to Rel-10, only CSI-RS can assist UEs to obtain accurate CSI for different points in CoMP scenario 4 so CSI-RS reconfiguration is actually equivalent to point association.  In this document, possible issues are identified and discussed for both CSI-RS and uplink measurement triggerd methods.


2. Issues of CSI-RS Measurement Based Method
As mentioned in [2] and [3], measurement based on CSI-RS conveys more accurate information about the downlink signal quality because uplink measurements can only provide the information of relative distance from UE to each point, which is not enough to provide accurate estimation of received downlink signal quality at UE due to the lack of correct estimation of downlink pathloss.  The main reason why eNB hardly obtain accurate estimation of downlink pathloss is that eNB does not know the exact uplink transmission power from UE due to the power control scheme applied [4].  However, CSI-RS measurement triggered method requires more specification efforts to enable point association with good performance.  In our views, there are several issues requiring further discussion.

1. Measurement configuration for point association:

What information does UE need to conduct measurements for point association?

2. Measurement feedback for point association:

What measurement feedback does UE need to provide so as to assist eNB/points to select serving points?
3. CSI reporting for points:

How does UE maintain the channel state information (CSI) of serving points through CSI reporting?

4. Selection of uplink receiving point:

How does eNB/points select the best uplink receiving point through the measurement feedback based on CSI-RS measurements?
5. Maitenance of uplink parameters:

How does eNB/points maintain related uplink parameters, such as timing advance and uplink transmission power, for a point associated UE?
Issue #1: Measurement configuration for point association
· Measurement set configuration – 

Since in Rel-10 RRC signaling information element of CSI-RS configuration, there is only one CSI-RS configuration index with non-zero transmission power,  UE by default conducts measurements on this CSI-RS configuration for CSI feedback.  However, in order to select the best serving points, it is required for UE to conduct measurements on CSI-RS ports for more points in addition to serving points.  The points for which UE is requested to conduct measurements can be viewed as the measurement set.  If the CSI-RS configuration with non-zero transmission power includes all antenna ports used by points in the measurement set, UE does not need additional information regarding to the measurement set.  If not, UE needs additional information regarding to measurement set and addition specification efforts are needed.  Therefore, the necessity of measurement set configuration depends on whether Rel-10 CSI-RS configuration can already provide enough information of the measurement set.
· Point association bias value for range extension of RRHs –
In order to provide better system throughput, range extension of each RRH point may be needed.  To enable the range extension, UE needs the biase value to create similar effect of handover bias.  There are two possible ways for UE to have this bias value.  First one is to bundle this value with handover bias but it will also impact the handover among cells, unless there are two handover bias values for both macrocell and picocell.  Second one is to configure this bias value separately but it requires additional specification efforts.
· CSI-RS ports for Macro-eNB –
Even with point association bias value, information of CSI-RS ports for Macro-eNB is needed if Macro-eNB shares the CSI-RS configuration with non-zero transmission power with RRHs because the poin association bias value is applied to RRH point only and UE needs to know which CSI-RS ports’ measurements should be applied with point association bias value for further comparison.  If there is a predefined rule to determine which CSI-RS ports are used for Macro-eNB or Macro-eNB uses a different CSI-RS configuration from RRHs, this information exchange can be saved but there are still some specification efforts needed to specifiy the related rule.
Observation #1:  To enable good measurement results for serving point selection, the following information may be needed in the measurement configuration.
· Measurement set configuration

· Point association bias value for range extension of RRHs

· CSI-RS ports for Macro-eNB

Issue #2: Measurement feedback for point association
Based on the measurements on CSI-RS, UE needs to feedback the measurement results to assist eNB/points for serving point selection.  There are two possible cases to utilize CSI-RS ports.

Case 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 case 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.
Case 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 layer 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.
No matter which case are considered, Rel-10 CSI feedback modes are not able to support serving point selection and new feedback type may be needed.  However, depending different cases, the required feedback information may be different.
Observation #2:  To assist eNB/points for serving point selection, new feedback information may be needed, which depends on how CSI-RS ports/configurations are utilized among different points.
Issue #3: CSI reporting for points
From above, there are two possible cases to utilize CSI-RS ports.  For case 2, there may be multiple CSI-RS configuration indeces 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 case 1, it becomes more complicated.  Depending on the utilization of CSI-RS ports among points, the CSI reporting mechanism may be different.
Observation #3:  Rel-10 CSI reporing mechanism can be reused with little specification efforts.  However, for further design of CSI reporting mechanism for serving points, the utilization of CSI-RS ports among different points needs to be discussed first.
Issue #4: Selection of uplink receiving point
In some scenarios, the best uplink receiving point can be different from the downlink control signaling point.  Figure 2-1 illustrates one situation which may cause optimal uplink receiving point different from the downlink control signaling point.
Figure 2-1 Illustration of optimal uplink receiving point
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The blue solid line in Figure 2-1 represents the link between downlink control signaling point and the UE and the red solid line stands for the link between uplink receiving point and the UE.  If the uplink receiving point of the UE is Macro-eNB, which is the same as downlink control signaling point, the uplink performance may degrade due to larger pathloss.  In this case, Macro-eNB should assign RRH #0 as the uplink receiving point for the UE but it will be different from the downlink control signaling point and thus additional feedback information regarding to relative pathloss among different points may be required for eNB/points to select the best uplink receiving point to serve the UE.  However, there won’t additional information needed if the uplink receiving point is always the same as downlink control signaling point.
Observation #4:  Optimal uplink receiving point may be different from the best point for downlink control signaling.  Measurement feedback design based on CSI-RS measurements should be able to provide enough information for optimal uplink receiving selection if uplink receiving point is allowed to be different from downlink control signaling point.
Issue #5: Maintenance of uplink parameters
When uplink receiving point changes, uplink timing advance and uplink transmission power also need to be updated.  In Rel-10, there are two possible ways to maintain uplink timing advance.

1. Timing advance adjustment by random access response (RAR)

2. Timing advance adjustment by MAC CE

For point association, MAC CE should be enough if the uplink receiving point changes.  However, random access response still can be utilized by triggering PDCCH order when the difference of timing advance is too large to be compensated by MAC CE.  Since Rel-10 mechanism is already able to support the adjustment, there are no specification efforts needed.

In Rel-10 power control equation, there is one parameter, PL, derived from the downlink pathloss from one of downlink serving points.  But there is no guarantee that the referenced downlink serving point is the same as the uplink receiving point so the derived PL can not be utilized for uplink power control unless uplink receiving point is always the same as the referenced downlink serving point, for example downlink control signaling point.  To resolve this problem, additional specification efforts are needed.

Observation #5:  Rel-10 timing advance maintenance mechanism can be reused in CoMP scenario 4 but additional specification efforts are needed to resolve the problem in uplink power control if the uplink receiving point is allowed to be different from the downlink control signaling point.


3. Issues of Uplink Measurement Based Method

Unlink CSI-RS based method, uplink measurement based method has the advantages of less specification efforts and less impact on UE implementation though it can not provide very accurate information about downlink received signal quality.  The reference physical signals for uplink measurements can be DM-RS in PUSCH, PUCCH, SRS or even PRACH.  A more effective way is to utilize SRS for uplink measurements to select serving points and report CSI while other uplink physical signals can be used for the parameter maintenance of uplink receiving point such as timing advance and power control.  However, which uplink physical signal is used for uplink measurements can be transparent to UE and thus become eNB implementation issue.  Therefore, the only possible issues we need to consider in uplink measurement based method are shown as follows.
1. CSI reporting for points:

How does UE maintain the channel state information (CSI) of serving points through the CSI reporting?
2. Selection of serving points for downlink:

How does eNB/points select the best downlink serving points based on uplink measurements?
3. Maitenance of uplink parameters:

How does eNB/points maintain related uplink parameters, such as timing advance and uplink transmission power, for a point associated UE?
Issue #1: CSI reporting for points
After the best serving points are selected based on uplink measurements at eNB/points, CSI-RS reconfiguration will be triggered so as to configure UE which CSI-RS ports to measure on for CSI reporting.  The issue of CSI reporting for points in uplik measurement based method is the same as that in CSI-RS measurement based method so the conclusion is the same as that in previous section.
Observation #6:  Rel-10 CSI reporing mechanism can be reused with little specification efforts.  However, for further design of CSI reporting mechanism for serving points, the utilization of CSI-RS ports among different points needs to be discussed first.
Issue #2: Selection of serving points for downlink
If the downlink received signal strength can be estimated, the selection of serving points for downlink would be much easier.  However, eNB is not able to estimate the downlink pathloss of each point accurately even if UE does not exhaust its uplink transmission power.  According to [4], the power control equation of SRS is shown as follows.
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The parameter PL is actually the downlink pathloss estimated by UE for uplink power control.  However, the value of PL is based on the downlink measuremtn for the downlink control signaling point so it can not be used for the estimation of downlink pathloss from other points.  Therefore, eNB can only try to estimate the values of relative downlink received signal strength from uplink measurements and it is possible though this is an implementation issue and no specification efforts are needed.
Observation #7:  It is possible for eNB to estimate the values of relative downlink received signal strength but the derivation and how to select serving points for downlink is an implementation issue at the network side and no specification efforts are needed.
Issue #3: Maintenance of uplink parameters
After point association, the maintenance issue of uplink timing advance and uplink transmission power is the same as that in CSI-RS based method so the conclusion is the same as that in previous section.
Observation #8: Rel-10 timing advance maintenance mechanism can be reused in CoMP scenario 4 but additional specification efforts are needed to resolve the problem in uplink power control if the uplink receiving point is allowed to be different from the downlink control signaling point.


4. Conclusion

In this document, possible issues are identified and discussed for both CSI-RS and uplink measurement based methods. Some observations are drawn based on our views.  From our analysis, both methods requires some specification efforts to resolve related issues.  Compared to uplink measurement based methods, there are more specification efforts required for CSI-RS based method though CSI-RS based method is able to provide better downlink performance due to the point association based on accurate downlink measurements.  In our views, if the downlink performance can be guaranteed, uplink measurement based method seems to be a better direction to go without excessive specification impact.  Before any further discussion on detailed design of point association, some issues require decision first.
Proposeal #1:  Before further discussion on the designs of point association, maximal number of antenna ports for each point and how CSI-RS ports/configurations are utilized among points should be decided first.
Proposeal #2:  Optimal uplink receiving point may be different from the best point for downlink control signaling.  Whether to have uplink receiving point bundled with downlink control signaling point should be discussed.
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