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1. Introduction

In RAN1#66, uplink power control for the uplink CoMP scenario has been discussed, and the Conclusion is shown as follows:
· About Power control enhancement for new deployment scenario
· Conclusion:

Enhancements to the uplink power control for open-loop as well as closed-loop operation may be considered including e.g. 

· enhancement to support selection of intended reception point(s) 

· potentially take into account new interference environment

· path-loss determination and signaling that targets intended reception point(s)

· reception point(s) may vary for different uplink physical channels

In addition, coexistence with legacy UEs should be considered in these enhancements. 
· About Power control enhancement for UL MIMO

· Observation:

This topic has been treated in Rel-10 for homogeneous network, not for hetnet scenario.

· Conclusion:

FFS whether or not non-zero K_s UL MIMO is supported in Rel-11. 
In RAN1#66bis, agreement on the uplink CoMP contains:

· Potential areas of standard impact in support of UL COMP includes:

· Uplink power control

· Uplink DMRS and SRS

· Uplink control

· Uplink timing

· Impact of legacy UE should be taken into account 

In this contribution, we focus the aspects of the uplink power control for uplink CoMP.
2. Discussion

2.1 Single UE uplink CoMP scenario
2.1.1 Uplink transmission power among different reception points
For CoMP scenario 3 and 4, no matter the RRH cell ID and macro cell ID are the same or different, the UE may receive or transmit to multiple points, and the downlink transmission points and the uplink reception points are not the same. In R10, uplink power control is based on channel reciprocity for both FDD and TDD, that is, the UE calculate the path loss through the cell-specific reference signals in downlink, and use the calculated path loss for uplink transmission power decision. In previous single cell scenario, this method can work well; for the uplink CoMP scenario, the uplink and the downlink are totally different, so their close relation when calculating the uplink transmission power needs to be decoupled.
The CoMP scenario can be divided into single UE transmission and multiple UE joint transmission. In this section, we concentrate on the single UE uplink CoMP scenario, and the multiple UE scenario is discussed in the next section.

We should notice that although through downlink measurement to evaluate the uplink channel is not suitable in the CoMP scenario, however, for a specific point in the CoMP cooperating set, the uplink path loss can be assessed by the downlink reference signal.
In R10, the cell-specific reference signal is used for path loss measurement; however, for the CoMP scenario 3 and 4, the path loss between the UE and the RRHs also need assess. For CoMP scenario 3, the measurement can be carried out by the CRS, because different RRHs have different CRS configurations. For CoMP scenario 4, the RRHs share the same cell ID as the macro cell, so the CSI-RS patterns can be configured for RRHs in a UE-specific way to distinguish the RRHs. Meanwhile, if CRS resources in CoMP scenario 3 are limited, CSI-RS can also play the role for CRS.
· For the uplink CS/CB scenario, the UE should get the accurate path loss to the specific uplink reception point. This can be implemented by measuring the CSI-RS pattern related to the specific uplink reception point.
· For the uplink JR scenario, the UE should firstly get the accurate path losses to the uplink reception points in the cooperating set, then according to the smallest path loss or the average path loss to decide the suitable uplink transmission power. 
The uplink transmission power decision can not be totally transparent to the UE, however, we can also do some work to save the UE’s work load to some extent.

· For the uplink CS/CB scenario, the serving cell of the UE is available of the UE’s position and channel states according to the measurement report in advance, and then the serving cell can decide the uplink reception point for a specific UE and can inform the UE of the specific CSI-RS pattern at the beginning configuration stage (the serving cell may be different from the uplink reception point). At this time, the UE just need to assess the path loss related to the CSI-RS pattern for uplink transmission power.
· For the uplink JR scenario, if the uplink transmission power is according to the smallest path loss in the cooperation set, the same work as that for CS/CB scenario can be done by the serving cell; if the uplink transmission power is according to the average path loss in the cooperating set, the serving cell need to inform multiple CSI-RS patterns to the UE. Considered that all the reception points can share the UE’s information in a more efficient way, consequently, only a reception point can recover the UE’s information correctly is enough, then the path loss according to the smallest path loss seems more attractive; Meanwhile, the soft combination of signals at multiple reception points can offer the diversity gain; also, this scheme can save the UE’s transmission power then extend the battery life.
Proposal 1:
· For CoMP scenario 4, different uplink reception points can be distinguished by the CSI-RS patterns.

· For uplink JR scenario, the uplink transmission power should be decided by the smallest path loss among the cooperating set. 
2.1.2 Uplink transmission power among different uplink channels

There are three kinds of uplink physical channels: PUSCH, PUCCH, and SRS. PUCCH bears the uplink control information, while PUSCH bears the uplink data or some control information. From the perspective of reliability, the control information is more important than the data, so if the multiple uplink reception points are to get diversity gain, the number of uplink reception points for PUCCH should be more than that of the PUSCH. From the perspective of capacity, the data is always more than the control information, so if the multiple uplink reception points are for spatial multiplexing, the number of uplink reception points for PUSCH should be more than that of the PUCCH. Consequently, the number of uplink reception points of PUCCH and PUSCH should be set independently according to the actual scenario. SRS is for sounding of uplink channel state information, and SRS may be transmitted to the uplink reception point without other information reception for the purpose of scheduling or handover. So the uplink SRS reception points should be different from that of PUCCH and PUSCH.
In R10, the path loss among PUCCH, PUSCH, SRS are the same; however, the close-loop power control parameter and other parameters of the three channels are different, so the uplink power calculation equation are independent. If we introduce channel-specific path loss measurement, the standardization will mainly be the introduction of there different CSI-RS patterns for scenario 4 or CRS patterns for scenario 3. For the reason that the UE is already need to measure the path loss of different reception points, the additional path loss measurement of different uplink physical channels is not a too heavy burden.
Additionally, the path losses related to different reception points or different uplink physical channels actually are shown as the different CSI-RS patterns, so if the path loss according to a specific CSI-RS pattern is up-to-date, it can be reused among different points or different uplink physical channels. 

The actual CSI-RS measurement can refer to the aperiodic CSI report for multiple CCs or aperiodic SRS for different RRC parameter sets. Specifically speaking, the UE can be configured several CSI-RS patterns by the RRC signaling, and the CSI-RS pattern for a specific channel at a specific time is informed by the PDCCH, with this realistic channel measurement, the UE can get the moderate uplink transmission power for the specific uplink physical channel and the specific cooperating set.
Proposal 2:
· Support independent path loss measurement of PUCCH, PUSCH and SRS. 
2.2 MU-JR uplink CoMP scenario
The MU-JR uplink CoMP scenario is mainly related to the PDCCH scheduling and the PUSCH transmission.

According to whether the MU-JR UEs belonging to the same point(which means the reception of PDCCH is from the same point) and the purpose of joint reception(for diversity gain or multiplexing gain), there can be four kinds of MU-JR schemes:

· MU-JR for diversity gain belonging to the same point;

· MU-JR for multiplexing gain belonging to the same point;

· MU-JR for diversity gain belonging to different points;

· MU-JR for multiplexing gain belonging to different points;

If the joint reception is for diversity gain, then the point with the best channel to the UE can recover the UE’s information is enough (Although combining of multiple siganals at the RRHs can offer more diversity gain); while if the joint reception is for multiplexing gain, then all the points in the cooperating set needs to recover the UE’s information correctly. The influence to the uplink power control is that the UE needs to decide the uplink transmission according to the path loss the point with the best channel state; while the multiplexing side needs consideration the path losses of all the points in the cooperating set. There seems to be some difference, and may need enhancement, however, to our observation, if the joint reception is for multiplexing gain, the path losses of different points need to be similar to get better multiplexing gain. As the joint reception scheme whether for diversity or for multiplexing is configured by the eNB according to specific environment, the multiplexing mode can be configured only when the path losses of different cooperating points is close. Consequently, the UE can only be informed the CSI-RS pattern with the best channel state to decide the uplink transmission power.
For each UE joined the MU-JR, the suitable path loss to calculate the uplink transmission power is decided by measurement of multiple coordinated points as for the single UE uplink CoMP scenario. Still, to be a bit transparent to the UE, the point informs the UE the CSI-RS pattern to get the suitable path loss. The MU-JR UEs may have different path loss to a specific point, and the path loss plays an important role in the decision of the uplink transmission power, so every UE should get its accurate path loss. In general, the path loss measurement between the SU scenario and the MU scenario is almost the same, that is, every UE needs to get its accurate path loss; and the difference is that the path loss measurement needs to be done for more than one UE in the MU scenario.

Proposal 3:

·  Support independent path loss measurement of the MU-JR UEs.

The MU-JR UEs belonging to the same point or different points mainly influence the PDCCH reception. For previous MU-MIMO scenario, different UEs belongs to the same serving cell, so the UL grant can be transmitted by the single serving cell, however, for MU-JR, the UEs are controlled by different serving cells, if signaling saving is the main concern, there will be only a single PDCCH for MU-JR scheduling, then the problem comes, that is, for a UE1, the PDCCH may be coming from its serving cell, while for another UE2, the PDCCH is coming from its neighbor cell. A solution to solve the problem is to distribute multiple PDCCHs with different priorities for a single cell edge UE. For example, when the UE2 previous mentioned is scheduled for pain transmission, the PDCCH from its serving cell has the most priority; while when the UE2 is combined with UE1 for MU-JR, then the PDCCH from its neighbor cell has the most priority. The transmission mode of a single UE can be configured by high layers, so the number of blind decoding will not increase.

Proposal 4: 

· Support multiple PDCCHs for the cell edge UE with different priority for switch between pain transmission and MU-JR transmission.

The TPC command in the PDCCH to scheduling MU-JR can be set adjusted to all the UEs, for the reason that the difference among MU-JR UEs is mainly the path loss, not the dynamic power control, so a single TPC command is enough, at the same time, signaling overhead can be saved in the precious PDCCH. 
Proposal 5:
A single TPC command in the PDCCH scheduling MU-JR is suitable for all the MU-JR UEs.

3. Conclusion

In this contribution, we analyzed the issues related to uplink power control in the uplink CoMP scenario, and our proposals are as follows:
Proposal 1:
· For CoMP scenario 4, different uplink reception points can be distinguished by the CSI-RS patterns.

· For uplink JR scenario, the uplink transmission power should be decided by the smallest path loss among the cooperating set. 

Proposal 2:

· Support independent path loss measurement of PUCCH, PUSCH and SRS. 

Proposal 3:

·  Support independent path loss measurement of the MU-JR UEs.

Proposal 4: 

· Support multiple PDCCHs for the cell edge UE with different priority for switch between pain transmission and MU-JR transmission.

Proposal 5:

A single TPC command in the PDCCH scheduling MU-JR is suitable for all the MU-JR UEs.
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