3GPP TSG RAN WG1 Meeting #66bis
                                          R1-113044
Zhuhai, China, 10th – 14th October 2011

Agenda Item:
   7.5.4.3
Source:        New Postcom

Title:          Uplink power control for uplink CoMP 
Document for:  Discussion and decision 

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

2.1 Single UE uplink CoMP
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 reference signals in downlink, and use the calculated path loss for transmission power decision of uplink transmission. In previous single cell scenario, this method can work well, however, in the CoMP scenario, the uplink and the downlink are totally different, so they need to be processed independently.
Through previous measurement, the cell edge UE is informed the uplink coordinating set. For a single point in the uplink coordinating set, the uplink path loss can be evaluated by the downlink reference signal transmission, so to get the accurate uplink transmission power, the UE should evaluate the path loss between the UE and every point in the uplink coordinating set in sequence, and then according to the largest path loss or the average path loss to decide the suitable uplink transmission power. Different uplink reception points can be differentiated by different CSI-RS patterns. 
Proposal 1: Different uplink reception points are differentiated by CSI-RS patterns.

Uplink reception points in the coordination set is decided by the eNB and informed to the UE.
The uplink transmission power is chosen by the average or the largest path loss through individual path loss measurement of every point.

There are three kinds of uplink physical channels: PUSCH, PUCCH, 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.
Proposal 2: The uplink reception points for PUCCH, PUSCH and SRS should be set independently. 
2.2 MU-JT
For the MU-JT scenario, two or more UEs belonging to different serving cells transmits information simultaneously to the same set of uplink reception points. The uplink transmission power of a single UE in uplink CoMP scenario has been discussed in previous section. For each UE joined the MU-JT, 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. The coordinated points differentiated by CSI-RS are informed by the eNB to the UE through a common signaling for all the UE evolved the MU-JT. The TPC command in the PDCCH to scheduling MU-JT can be set adjusted to all the UEs, for the reason that the difference among MU-JT 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 3: Path loss of the UEs evolved in MU-JT is measured individually.
A single TPC command in the PDCCH scheduling MU-JT is suitable for all the UEs.

There will be multiple UEs transmitting information simultaneously in the MU-JT scenario, as the single cell MU-MIMO scenario, considered that the reception range of multiple reception points, the transmission power of multiple UEs should be decreased proportionally, and different precoding matrix can be assigned to different UEs in the MU-JT to separate them, as they transmit with the same frequency and time resource. 
Proposal 4: The UEs evolved the MU-JT should decrease the transmission power proportionally and be assigned different precoding matrix for separation.

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-JT, the UEs are controlled by different serving cells, if signaling saving is the main concern, there will be only a single PDCCH for MU-JT 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-JT, 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 5: The cell edge UE can be configured multiple PDCCHs with different priority for switch between pain transmission and MU-JT transmission.
2.3 Non-zero K_s

In R10, the non-zero K_s is supported for single antenna port transmission, while for the uplink SU-MIMO, the non-zero is not supported for simplicity. In RAN1#66, some company proposed that non-zero K_s can suit to the MCS value perfectly. In our option, for the uplink SU-MIMO mode, there will be two TBs with two different MCS value to bear information from high layers, while the non-zero K_s is common for both the TBs, for the reason that the uplink transmission power is common for both the TBs, so if non-zero K_s is imported for the SU-MIMO mode, to which TB it is suit to need careful design. So here comes our proposal:
Proposal 6: The non-zero K_s can be supported if performance gain is inevitable and the standardization work is marginal.
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: Different uplink reception points are differentiated by CSI-RS patterns.

Uplink reception points in the coordination set is decided by the eNB and informed to the UE.

The uplink transmission power is chosen by the average or the largest path loss through individual path loss measurement of every point.

Proposal 2: The uplink reception points for PUCCH, PUSCH and SRS should be set independently. 

Proposal 3: Path loss of the UEs evolved in MU-JT is measured individually.

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

Proposal 4: The UEs evolved the MU-JT should decrease the transmission power proportionally and be assigned different precoding matrix for separation.

Proposal 5: The cell edge UE can be configured multiple PDCCHs with different priority for switch between pain transmission and MU-JT transmission.

Proposal 6: The non-zero K_s can be supported if performance gain is inevitable and the standardization work is marginal.
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