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1 
Introduction
RAN1 has made good progress on the study of CoMP technology for inclusion in the LTE standard. So far the work has been focusing mainly on assessing the potential performance gains that we can get from including standardized functions supporting CoMP operation to the standard. 
Recently companies have been carrying out email discussion on the RAN1 reflector, discussing on the detailed impact to specifications from CoMP functions, but no final conclusion has been achieved yet.
In this contribution we present our viewpoint on the standardization impact of CoMP for both uplink and downlink.
2 
Standardization impact from DL CoMP
In this section we analyze the impact to 3GPP standards from adding CoMP support in downlink. In particular we highlight how to reuse the existing Rel-10 carrier aggregation feature to support CoMP with minimal impact to the 3GPP LTE standard (see [1] for further discussion).
Standardization impact from DL CoMP mainly focuses on the following 4 main areas: CoMP set management, UE feedback, DL control signaling and UE capability. In the following we analyze each of these areas:
1) Signaling support for CoMP set management
The most critical information for CoMP operation is the neighbor cells’ channel state information. Therefore it is very important to define a CoMP set to facilitate the CoMP feedback and transmission, see [2]. Since the transmission can be transparent to UE, measurement set needs more attention from the standardization perspective.
The management of the CoMP measurement set may be based on UL SRS/DMRS/PUCCH transmission and/or DL RRM measurements (e.g., RSRP/RSRQ information). Measurement based on CRS and/or CSI-RS may be considered. Rel.10 CA framework is able to manage multiple serving cells, which can be used as the starting point to standardize CoMP measurement set management signaling.
Observations: Rel.10 CA framework is able to manage multiple serving cells per UE, which can be used as the starting point to standardize CoMP set management signaling.
2) Feedback support for CoMP transmission
It is widely recognized that different CoMP schemes may need different CSI information. For example, in CS/CB, neighbor cells’ CSI (e.g. best/worst companion PMI) is needed, and enhanced CQI may or may not be needed. In DCS, the CQI and PMI of neighbor cell is needed, while coherent JT needs per cell PMI plus inter-cell channel information (e.g. phase). 
From the above examples, we can find an interesting conclusion that most CoMP schemes actually just need per cell feedback, the only exception is coherent joint transmission which needs additional inter-cell CSI. (Non-coherent joint transmission does not need cross-cell CSI thus it requires less standardization effort.)
Rel.10 CA framework already supports aggregating multiple serving cells, with per cell feedback. This means that the feedback needed by non-coherent CoMP schemes is already very close to what Rel.10 CA framework can do. With minimal standardization effort, those CoMP schemes can be supported in Rel.11. However, to support coherent joint transmission, additional inter-cell CSI needs to be standardized. Given the complexity of any codebook design, it is a reasonable assumption that coherent JT needs more standardization effort.
Observation: Rel.10 CA already supports per serving cell feedback which can be reused to support CoMP schemes like CS/CB, non-coherent JT and DCS. Also resource-restricted measurements in Rel.10 may be reused facilitate the COMP feedback.
3) DL dynamic signaling support for CoMP transmission

Depending on the CoMP scheme, higher or lower level of flexibility is needed for dynamic adjustment of transmission parameters. For example, for the DCS scheme the UE could be informed which REs contains data transmitted for that particular UE. Within the framework of R10 carrier aggregation it is already possible to switch a UE dynamically between cells and switch between different sets of data RE patterns within one PRB. In fact, Rel.10 CA used the terminology of cell to represent carrier, in another word, features supporting multiple serving cells are available already. Considering CoMP to be essentially the coordination of multiple cells, it is straightforward to use Rel.10 CA as the starting point for CoMP standardization.
Observations: Taking R10 carrier aggregation as starting point of implementing CoMP, supporting CoMP would only require very limited changes, if any, to the 3GPP standard.
4) UE capability

If CoMP reuses features from Rel.10 carrier aggregation, it is important to reconsider UE capability definition, as a UE supporting multiple cells is not necessarily also supporting multiple LTE carriers. Especially if the UE is aggregating cells within the same frequency, UE capability requirement can be relaxed significantly: A simple example is that dual RF at UE is not needed since the two (or more) cells are of the same frequency.
3 
Standardization impact from UL CoMP
UL CoMP operation can benefit from changes on UL power control, PUCCH and DM RS arrangement, as discussed on accompanying contributions [3][4]
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1) UL power control

The basic scope of uplink power control in LTE should remain unchanged also with CoMP reception, that is, UL power control mainly compensates for slow-varying channel conditions while reducing the interference generated towards neighboring cells as stated in [6]. As discussed in [3], it is sufficient for a basic UL CoMP operation that eNB can select and configure the transmission point towards which UE measures path-loss. This is a straightforward Rel-10 operation when transmission points are identified by separate PCIs. Rel.10 CA framework provides further flexibility and efficiency to the relevant transmission point configuration with minimal standardization effort and should be considered further. 

The power control can be improved by more sophisticated definition of effective path-loss value towards multiple transmission points. For example, UE can measure path-loss to a configured set of transmission points and either derive or select appropriate path-loss value to be used in uplink power control. UL PC for CoMP can be seen as an important optimization feature requiring further work and, of course, additional standardization efforts.  

If transmission points share a common CRS, measurement of effective path-loss faces problems when there are power differences between transmission points as in Scenario 4. The short coming in path-loss measurement may be compensated for by resorting the closed loop PC. However, this undermines the efficiency of LTE open loop PC and need to be studied further. Scenario 4 can be seen to have a higher need for standardized CoMP support for UL PC. 

2) PUCCH

Strong inter-cell interference essentially limits the achievable UL CoMP gains for Rel.10 PUCCH. CoMP gains can be used to reduce PUCCH overhead, especially with increased CSI payload sizes and when facing severe inter-cell interference [4]. Hence, standardized CoMP support for PUCCH is important when optimizing a baseline UL CoMP operation further especially in full load case.  

It should be noted that when transmission points share a common PCI, it is not possible to re-use PUCCH resources as only orthogonal PUCCH resources can be allocated for UEs within CoMP coordination area. This leads to unnecessary high PUCCH overhead unless a CoMP support is standardized for PUCCH.    
3) PUSCH DM RS 

It is shown in [5] that arrangement of inter-cell orthogonal PUSCH DM RS has strong impact on achievable UL CoMP gains in full-buffer traffic case. Hence, it is a necessary feature for practical UL CoMP reception under full load. 

Inter-cell orthogonal PUSCH DM RS is supported already in Rel.8 via the sequence-shift pattern configuration. However, the arrangement involves scheduling limitations for PUSCH resources using orthogonal DM RS and, on other hand, degrades inter-cell interference randomization for PUSCH transmissions not requiring CoMP reception and inter-cell orthogonal DM RS. Clearly there is room for improvement, justifying for further work, but a baseline UL CoMP operation with orthogonal PUSCH DM RS does not require further standardization support.        
Observation: Baseline UL CoMP operation can be supported without standardization impact. However, important points of improvement are identified for UL PC, PUSCH DM RS and PUCCH.
4
Phasing of standardization work for CoMP
As can be seen in [1], some features defined for Rel.10 carrier aggregation can be reused for CoMP, and even the terminology “cell” is used already in CA framework. Rel.10 spec already provides the support of multiple serving cell management. By simply setting multiple serving cells in the same frequency, carrier aggregation becomes cell aggregation already. From section 2, it can be concluded that CS/CB, DCS/DPS, and non-coherent JT can be supported in such cell aggregation manner with minimal standardization effort, while only coherent JT ask for additional new feedback messages (inter-point/cell CSI) which needs more effort to define in RAN1. Besides, there are still open issues regarding the testability of inter-cell feedback At least the current RAN4 test methodology cannot handle inter-cell CSI feedback messages as now two cells/points are involved.
Observation: Most non-coherent CoMP schemes can be supported following Rel.10 CA framework with minimal standardization effort.
Observation: Coherent JT needs some additional standardization effort, including the codebook design for inter-cell CSI. Besides, it may result in significant change on UE feedback test procedure.
Proposal: Features defined in Rel.10 CA framework should be the baseline to standardize CoMP.
In the CoMP SI, both full buffer and non-full buffer traffic cases have been evaluated. Non-full buffer is the most common case in realistic networks while full buffer performance shows the network performance limit. Although these two cases are both important, CoMP SI has concluded that larger performance gain can be found in non-full buffer case. In this case, due to the existence of empty PRBs, the coordination freedom is much larger and hence even some low complexity CoMP schemes can achieve good gains. For example, substantial gain has been found in non-coherent CoMP schemes like cell aggregation,[1]. Therefore, low complexity CoMP schemes like cell aggregation shall be standardized in Rel.11.
Proposal: Low complexity CoMP schemes like cell aggregation shall be standardized in Rel.11.

Typically coherent JT is the most effective way to mitigate interference while enhancing the useful data signal strength by coherent spatial domain combination. Hence, it is needed especially under full load case where all RBs are exhaustively occupied, resulting in very limited freedom for coordination. However, the overall CoMP gain for full buffer is not as significant as non-full buffer traffic, besides, it has been recognized that coherent JT is more sensitive to realistic impairments like inaccurate CSI, network latency etc. Given the additional standardization effort of coherent JT, it is better to standardize this mode of operation in a secondary step. (Coherent SU-JT can also bring good benefit in non-full buffer traffic, but that cannot justify the additional standardization effort, especially when we have lower complexity CoMP schemes that can achieve significant gain already)
Proposal: Additional enhancements to support coherent joint transmission should be standardized after the non-coherent CoMP schemes including CS/CB, DPS, non-coherent JT.
Baseline operation of UL CoMP does not necessarily require any standardization efforts. However, standardized UL CoMP support can provide important improvements for UL PC, PUSCH DM RS and PUCCH. In order to keep Rel.11 standardization efforts reasonable, we propose to consider first improvements that can be easily supported by the features in Rel.10 CA framework and then continue with further improvements in the secondary step focusing on the features beneficial for full load.  

Proposal: Uplink CoMP enhancements that can be supported by Rel.10 CA framework should be considered for Rel.11, and additional UL CoMP enhancements shall be standardized after completing non-coherent CoMP scheme standardization.
3
Conclusions

In this contribution, we listed the potential standardization impact from CoMP, especially considering the relationship between CoMP and existing Rel.10 carrier aggregation features. It was observed that all non-coherent CoMP schemes can be standardized based on Rel.10 CA framework while coherent joint transmission is the only CoMP scheme which needs some additional standardization effort, therefore we have the following proposals:
Proposal: Features defined in Rel.10 CA framework should be the baseline to standardize CoMP.

Proposal: Low complexity CoMP schemes like cell aggregation shall be standardized in Rel.11.
Proposal: Additional enhancements to support coherent joint transmission should be standardized after non-coherent CoMP schemes including CS/CB, DPS and non-coherent JT.
Proposal: Uplink CoMP enhancements that can be supported by Rel.10 CA framework should be considered for Rel.11, and additional UL CoMP enhancements shall be standardized after completing non-coherent CoMP scheme standardization.
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