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Discussion
1
Introduction
This contribution briefly describes our view on some of the proposed UL enhancements that should be introduced in R11 as part of the recently approved CoMP work item [1].
2
Potential Features for UL CoMP
The COMP WI description [1] and the CoMP TR [2] identify the following potential UL enhancements:
· Enhancements to UL reference signals (DM-RS and SRS)

· Enhancements to UL power control

· Enhancements to PUCCH

· Potential enhancements to timing advance control

Enhancements to reference signals
In R10, the configuration of the PUSCH DM-RS is cell-specific. When looking at a set of UE’s in a given geographic area and during a given subframe, two possibilities exist:
a) All UE’s are transmitting DM-RS using the same sequence group

b) UE’s connected to different cells transmit DM-RS using different sequence group

The first possibility minimizes interference due to mutual orthogonality, but introduces significant scheduling constraints due to the need of aligning frequency allocations. The second possibility introduces significant interference when a UE is close to the boundary between two cells. A more flexible (UE-specific) and dynamic DM-RS allocation scheme, as proposed in [3][4], could for instance allow the network to assign a common sequence group for UE’s in a boundary region (“CoMP UE’s”) and a cell-specific sequence group for other UE’s. This would potentially bring a capacity gain by allowing simultaneous and independent scheduling of UE’s with different sequence group only when they don’t heavily interfere with each other.
The minimum change required to realize this enhancement would be to introduce reference signal parameters into the dedicated PUSCH configuration. If deemed beneficial, one could also introduce mechanisms allowing assignment of DM-RS parameters on a per-subframe basis. Similar types of enhancements should also be investigated for SRS.
Enhancements to UL Power Control

In R10, Power Control relies on both an open-loop mechanism based on path loss measurement to the (primary) serving cell, and a closed-loop mechanism based on TPC commands received in L1 signaling.

Several contributions already highlighted the need for more flexibility with the R10 open-loop mechanism when the UE operates in heterogeneous environments (COMP Scenarios 3 and 4). This is mainly due to the Tx power differences between macro and pico nodes.
For example, in COMP Scenario 3, a UE connected to a macro cell may create excessive UL interference to a pico cell if the association is according to maximum DL signal strength. In COMP Scenario 4, the problem is that the UE cannot obtain a meaningful path loss estimate since the reference signal it is measuring is transmitted from different Tx points using possibly very different Tx power levels. It would need to be further investigated in detail whether or not these issues could be satisfactorily addressed using closed-loop adjustments alone. If not, a natural solution would be to allow more flexibility in the assignment of the reference signal(s) used for path loss estimation purposes. This would address the issue for both the COMP Scenario 3 (assigning CRS of a pico cell) and Scenario 4 (assigning e.g. CSI-RS of a pico node). In the latter case, the standardization impact is larger due to the need of introducing RSRP-type of measurement based on a different reference signal.
Another benefit of allowing more flexibility in configuring the DL path loss estimation reference is the possibility of decoding different types of UL signals in possibly very different UL Rx points in the deployment. One potential use case for such an approach is SRS transmissions. These could either be configured to be equally received by all UL Rx points, or one could investigate the potential benefits of allowing the independent selection of UL Rx point on a per-need basis. The latter could be done using the CRS or the CSI-RS as DL reference(s) for selection purposes, such as using the closest estimated Rx point for UL scheduling purposes, i.e. using its CSI-RS as a reference.
Enhancements to PUCCH

Enhancements to PUCCH similar to the above-described enhancements for the DM-RS could be considered to allow more flexible control by the network. Such enhancements have the potential to bring PUCCH multiplexing capacity gain. For example, UE’s subject to COMP scheduling in the boundary region should transmit their PUCCH where the actual resource index in assigned from a pool of orthogonal resources across cells (or Tx points) [5].
This will require specification changes to allow a UE to transmit PUCCH according to a cell identity that is possibly different than the one in its serving cell.
Enhancements to Timing Advance Control

In R10, the UE maintains a the UL transmission timing adjustment according to the (primary) serving cell transmission. To support UL CoMP, the network may have to issue TA commands such that a Rx points (or cells) closer than the serving cell do not receive the signal from the UE too early. It could be investigated if this mechanism is sufficient, or if the UE needs to maintain independent timing adjustments per CoMP Rx point. It should be noted that enhancements introduced for Carrier Aggregation will anyway allow independent timing adjustments per group of serving cells in R11, so that the required additional changes to support the same feature in CoMP may not be significant.
3
Conclusion

Amongst the proposed UL enhancements [1][2], we see the need to provide more flexibility for the existing R8 UL power control mechanism as the most critical. This is to ensure flexibility for COMP operation and allow for fully independent DL and UL scheduling domains. Accordingly, we recommend that UL power control enhancements should be addressed with first priority for UL COMP. While we deem that enhancements to reference signals and PUCCH offer promise for gains, we think that these should be seen as UL capacity optimizations. Enhancements to timing advance control should be considered only if benefits can be identified that would not entail significant additional changes over what will anyway be introduced in support of the R11 Carrier Aggregation enhancements.
Proposal 1: Study enhancements to UL power-control with first priority as part of the COMP WI
Proposal 2: Study all other proposed enhancements [1][2] with second priority
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