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1. Introduction

UL CoMP involves coordination between a set of cooperating points to facilitate improved reception from a UE. During Rel-10 standardization UL CoMP was mainly studied for homogeneous deployments in general and intra-site CoMP in particular. In contrast, Rel-11 UL CoMP involves heterogeneous deployments, where, in two cases – Scenarios 3 and 4 – low power picos/RRHs are deployed within the coverage area of a macro cell. Such deployments introduce new technical challenges that need to be addressed in order to achieve the CoMP gains that were observed during the study item phase [1]. This contribution provides a summary of some possible areas of improvement for UL CoMP reception and the associated standardization impact. 
2. Discussion
Heterogeneous networks contain low power nodes with irregular coverage patterns since their deployment may be based on hot spots with heavy traffic demand and not necessarily on the same cell planning techniques used for homogeneous networks. This makes inter-cell interference the dominant factor in such deployments. Some issues that need to be addressed include: UL timing synchronization at each reception point, enhanced channel estimation, UL power control and uplink control signaling on the PUCCH.
UL Power Control
For UL power control a legacy UE determines its pathloss to its reference cell by computing the RSRP from CRS measurements in the reference cell. In this context, the reference cell is one in which the UE maintains an RRC connection to the network. From an UL perspective the optimal cell in a HetNet deployment is the cell with the minimum pathloss to the UE and not the cell with the maximum DL RSRP. Thus, by adjusting its transmit power as a function of the minimum pathloss in the cooperating set a UE minimizes intra- and inter-cell interference on the PUSCH, PUCCH and SRS. As such, the design issue is how to set UL transmission power based on a reception point that is different from the (maximum DL RSRP) reference cell. Two possible options for further investigation include

· Reusing existing power control parameters. The UE-specific open loop parameter
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and closed loop TPC commands can be used to adjust transmit power to the cell (point) with the minimum pathloss. This has the advantage of zero specification impact for both Scenarios 3 and 4. On the other hand for a large power transition it may take some time for the power control loop to converge to the desired state because of the limited range in TPC commands and 
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. Nevertheless, the suitability, or otherwise, of the current specification should first be verified before considering alternative schemes. 
· An alternative is to decouple pathloss measurements from DL cell selection procedure by configuring independent UE-specific reference signals for each reception point. This is particularly beneficial for Scenario 4 where the UE can measure the RSRP for each point without knowledge of the cell ID. However, there is significant specification impact because several parameters in the TPC control expression are cell-specific including the eNB reference signal power. Further details are provided in a companion paper [2].

Proposal: Strive for UL PC solutions with minimum specification impact.
UL Timing
 For UL synchronization the timing advance command to the UE should be such that its UL transmission satisfies the individual arrival time requirements for each reception point. Determining the appropriate TA command requires timing measurements at each potential CoMP point. Existing physical signals including PRACH and SRS could be used for timing measurements. For example in Scenario 4, the macro eNB could configure the UE for non-contention based PRACH using a dedicated preamble. The UE has no knowledge of which node within the macro coverage area detects and processes the PRACH transmission. The same process could be adopted for Scenario 3 if the points in the cooperating set coordinate their preamble selection. Further details are described in [3].

Observation: Rel-10 PRACH/SRS transmissions can be used for timing measurements at multiple reception points to determine a composite TA to a CoMP UE. 

UL RS 
UL CoMP performance may be limited by the quality of channel estimation used for demodulation and link adaptation/ scheduling. For homogeneous deployments intra-cell DMRS orthogonality is achieved by cyclic shifts of the base CAZAC sequence and by employing OCC, which also benefits non-aligned PUSCH allocations. Secondly, inter-cell interference due to non-orthogonality of DMRS across cells is mitigated by interference randomization using group and sequence hopping. Finally, received powers other cells are comparatively lower than received powers from UEs within the cell. This is not the case for CoMP Scenarios 3 and 4 where out-of-cell received signal strengths are comparable to in-cell values. For cell edge users which are most affected in Scenarios 3 and 4 an obvious solution is to orthogonalize their DMRS transmissions with cyclic shifts of the same base sequence – effectively an inter-cell orthogonal DMRS, while non-CoMP users are configured with a unique base sequence for each cell [4]. Given that interference levels are now higher within the macro coverage area it should also be investigated whether existing interference randomization schemes are adequate for heterogeneous deployments including CoMP.
PUCCH
The interference problem can be quite severe for the PUCCH region since all cells use basically the same PRBs at the bandwidth edges for uplink control signaling. This problem is not specific to CoMP but is true in general for all heterogeneous deployments. As such it is recommended that RAN1 target a comprehensive solution that is applicable for all Rel-11 features. A similar solution as in UL RS is feasible, wherein PUCCH resources are partitioned into CoMP-specific and cell-specific resource allocations as mentioned in [5].  Specification impact for this approach would include a solution for dynamic signaling of the PUCCH A/N resource.
3. Conclusion

This contribution studied specification impact of UL CoMP. The required specification efforts hinge on what extent CoMP is transparent to a UE. Several aspects were identified for further study including:

· Applicability of existing power control parameters for UL power control.
· Coordination between cells for reusing PRACH/SRS for UL timing measurements. 

· Flexible configurations of DMRS base sequences to support CoMP.
· Adequacy of current interference randomization schemes for heterogeneous deployments. 
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