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Discussion and decision
1 Introduction

In the RAN #53 meeting, the coordinated multi-point (CoMP) operation work item (WI) [1] was approved to be prioritized for Release 11. During the RAN1#66 meeting, the CoMP TR [2] has been also approved. With respect to the UL observations, in the conclusions it has been captured that:

“In view of the observed results, it is recommended to […] investigate the extent to which specified support is needed for UL CoMP” 
In the WI description, several aspects of uplink CoMP enhancements will be studied including reference signals, power control and timing advance control. In this contribution, we discuss the potential enhancements of these issues and corresponding standardization impact.
2 Uplink reference signals
In Rel-10 networks, i.e. single-cell deployment scenarios, both sounding reference signal (SRS) and demodulation reference signal (DMRS) employ orthogonal resources within one cell, and randomized resources among adjacent cells utilizing different cell-ID -based RS sequences. However, in multiple cell/point coordination scenarios, current RS design will cause strong inter-point interference and therefore inaccurate estimated channel information, which plays very important role to achieve significant CoMP gain. One enhanced method to reduce this inter-point interference is to introduce a single CoMP-ID based RS base sequence within one CoMP set including all reception points. Since all RS resources are based on the same base sequence, perfect orthogonality becomes possible. On the other hand, unfortunately, the capacity is limited and likely insufficient considering large number of UEs in both homogeneous networks and heterogeneous networks. In this case, RS capacity becomes bottleneck of the system.
For the above reasons, the enhanced RS solution needs to satisfy both sufficient capacity and limited interference under the restriction of reasonable overhead. In general, large capacity and low interference are contradictory. So tradeoff needs to be made for achieving overall good performance. Considering this particular case in CoMP scenarios, we note that fully orthogonal RS resources among all UEs are not necessary. Quasi-orthogonal multiplexing could be acceptable e.g. for spatially-separated UEs. Then one potential idea could be providing both orthogonal and quasi-orthogonal RS resources with the aid of dynamic configuration signaling. The selection of RS resource is an implementation issue and could depend on network deployment and UE distribution. As a side-benefit of the dynamic reference signal scheme, PUCCH resource could be naturally increased without much interference worsening.
Observations:
· Both capacity and limited interference with practical overhead are targets of RS enhancements.

· Dynamic configuration between orthogonal and quasi-orthogonal RS resources could be a potential solution and deserves further study.
3 Power control

One of the uplink power control components, open-loop power control, determines the initial uplink transmission power, and relies on accurate uplink path loss estimation. In CoMP scenarios 3 and 4, i.e. network with low power remote radio heads (RRHs) within the macro cell coverage, current single-cell CRS -based Rel-10 power control mechanism leads to overestimated uplink path loss, and therefore too high initial uplink transmission power and strong interference. This issue is more critical for PRACH as closed-loop power control can not be utilized.
For Rel-11 UEs, the open-loop power control problem could be solved by employing multi-point CRS or CSI-RS based RSRP measurement with extra signaling of reference signal transmission powers. To achieve proper PRACH power control means all points’ CRS or CSI-RS related information needs to be broadcasted as well as corresponding RS transmission power. However, this enhanced scheme is obviously not suitable for legacy UEs due to its standardization impact. Considering the overall interference level in the network supporting both Rel-11 UEs and legacy UEs, the key point is to find solutions that solve the problem for all UEs, including legacy UEs. More detailed discussions and analysis of power control enhancements can be found in our companion contribution [2].

Observations:

· Studies are needed to determine whether existing UL PC can be parameterized to minimize the impact of the overestimated path loss.

· For Release 11 UEs, the UL PC problem could be solved by introducing new schemes.

· Still the impact of legacy UEs to overall performance needs to be considered.
4 Timing advance

In CoMP scenarios, one UE may need to communicate with multiple physically distributed reception/transmission points. In this case, no perfect synchronization of uplink reception can be guaranteed at network side due to different propagation delay and accordingly different timing advance value required by multiple reception/transmission points. Besides, transmission/reception point decoupling makes this issue more complicated. Imperfect time synchronization could cause additional frequency-selectivity, and possibly lead to inter-symbol interference and multi-user interference in SC-FDMA system. How serious the problem is depends on network deployment, reception point selection, timing advance control method and so on.
For timing advance enhancement the practical uplink arrival time difference among different reception points in CoMP scenarios needs to be evaluated. Then, according to the maximum time synchronization error by using current timing advance control mechanism, performance impact and further enhancement schemes could be investigated.
Observations:

· Uplink arrival time difference in practical CoMP scenarios needs to be first evaluated.
· Accordingly, timing advance enhancements could be further studied.

5 Conclusions
In this contribution, we discussed some enhancement issues for uplink CoMP scenarios. While open problems and potential solutions were observed and discussed on topics of uplink reference signal, power control, and timing advance, it is not clear to what extent these standardization needs are impacting the UL CoMP performance. The UL CoMP WI needs to clearly identify the benefits of such standardization based enhancements with respect to the transparent operation of UL CoMP.
6 References

[1] RP-111365, “Coordinated Multi-Point Operation for LTE”

[2] R1-112865 Coordinated Multipoint operation for LTE - TR 36.819.

[3] R1-113177, Renesas Mobile Europe, “Uplink power control in non-uniform network”

