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1 Introduction
In RAN1#86, the non-coherent JT schemes were classified according to the following:

· Non coherent JT schemes can be classified based on the CWs transmitted from TPs:                                              

· Case 1: Different CWs are transmitted from different TPs. Each TP perform adaptive precoding independently

· Case 2a: The same CW is transmitted from different TPs with spatial diversity (e.g. SFBC) coding/ spatial multiplexing.

· Case 2b: The same CW is transmitted from different TPs with SFN.
· Non coherent JT schemes can be classified based on overlapping of resource allocations from different TPs:

· Scheme1: Fully overlapping scheme

· In this scheme the resource allocations from different TPs for a UE are fully overlapped

·  Scheme 2: Partly overlapping scheme

· In this scheme the resource allocations from different TPs for a UE are partly overlapped

·  Scheme 3: Non overlapping scheme,

· In this scheme the resource allocations from different TPs for a UE are not overlapped
In this contribution, we discuss high level alternatives for non-coherent JT operation, addressing the relative merit of the use cases and resource allocation mechanisms implied by these cases and schemes.  
2 Discussion
2.1 Use cases for non-coherent JT

Cases 1, 2a and 2b address distinct operational goals for non-coherent JT
· Case 1 (with different codewords on the TPs) 
Targets increased peak rate when TPs are ‘rank starved’ to at most rank 2.  This can be when a UE has line of sight to a TP such that closely spaced cross-pol antennas have rank 2 even though there are more than 2 elements per TP.  It may also be when TPs use a single cross pol antenna.  In such conditions, and at high SINR, a 4 RX UE can double its user throughput by receiving 4 layers from 2 TPs rather than only 2 layers from one TP.  However, pure LOS conditions and cases where eNBs have fewer antennas than UE are not prevalent.  
Furthermore, the particularly high SINR conditions needed for 4 layers with Case 1 also decrease with system load.  This can be seen in the indoor feCoMP scenario results of [1], where median user throughput gains drop from 67% to 3% as RU goes from 6% to 38%.  A further comment is that it is also possible to have 4 eNB antennas per TP with half as many TPs, which would avoid strictly limiting the rank per TP to 2.  
Overall, non-coherent JT with codewords across TPs can be seen as an opportunistic method to improve peak rate, but seems not so likely to improve system throughput.
· Case 2a (using transmit diversity across TPs) 

The targeted use case for Case 2a seems to be increased reliability through macro diversity.  However, macro diversity for PDSCH is already possible with dynamic point selection in TM10.  Because DPS selects the best TP, it will outperform transmit diversity schemes that split power across TPs.  Therefore, macro diversity does not seem to be a motivation unless CSI feedback is extremely inaccurate.  Such scenarios are probably high mobility scenarios, which are not the dense deployments in the scenarios in the feCoMP study.
· Case 2b (SFN transmission across TPs) 

The targeted use case for Case 2b also seems to be increased reliability through macro diversity.  Because the number of TPs in the SFN can be transparent to the UE, it is simpler and more flexible than Case 2a.  However, it has the same problems as Case 2a in that it underperforms DPS as a means to provide diversity.  A downside relative to Case 2a is that it is less spectrally efficient at high SNR, since full rate space time codes are possible with Tx diversity, whereas SFNs broadcast the same symbols on each spatial layer.  
Observations:

· Case 1 can opportunistically improve peak rate in some scenarios, but is not likely to provide system throughput gains.

· Case 1 requires 4 UE receive antennas to be a practical means for peak rate enhancement. 

· Cases 2a and 2b are not likely to be beneficial as compared to dynamic point selection.

Proposal:
· Non-coherent JT studies focus on Case 1 with 4 UE receive antennas
· Evaluations of capacity benefit should consider cases with N sites and 2 Tx antennas vs. N/2 sites and 4 Tx antennas
2.2 Resource allocation schemes for non-coherent JT

Schemes 1-3 imply different levels of signaling and UE complexity for non-coherent JT

· Scheme 1 (fully overlapped resource allocation)

This is most consistent with current LTE MIMO and CoMP schemes.  It ensures consistent interference among all PRBs, layers, and TPs, which simplifies UE receiver behavior.  Resource allocation can also use Rel-13 principles.  Finally, CQI reporting can accurately reflect fully overlapped allocation, which is not feasible if a fully flexible resource allocation is used.

· Scheme 3 (non-overlapped resource allocation)

This is essentially frequency selective dynamic point selection.  As such, it will not improve peak rate, but may provide frequency diversity gain. However, TPs will need to be received at similar power levels to achieve diversity gain, and so diversity gains may only be available to UEs at the cell edge.  Also, diversity gain is not so beneficial in the high SNR conditions found in feCoMP scenarios; rather, good interference coordination is likely to be far more beneficial.  Consequently, scheme 3 should be compared to CS/CB schemes.

Scheme 3 also implies more complex control signaling and more overhead than Scheme 1.  Not only must the rank and modulation state be signaled for layers of a TP, but which of the resources are occupied must be signaled.  
Frequency selective CoMP resource allocation can lead to many frequency-point hypotheses.  Consequently, a few CSI processes may not be enough, and it may be difficult for eNB to have sufficient CSI to obtain gains from scheme 3.

· Scheme 2 (partially overlapped resource allocation)

Scheme 2 could be motivated by greater eNB scheduling flexibility and the ability to share loads across TPs.  However, this seems to be only an issue at higher loads.  Since non-coherent JT seems best suited for peak rate enhancements, then scheduler flexibility may not be so important.  
Scheme 2 would likely be implemented by scheduling PDSCH of each TP with an independent downlink grant.  This is not consistent with Rel-11 CoMP operation, but would instead seem to rely on carrier aggregation behaviors.  This could impact HARQ designs among other things.  Also, control signaling overhead is doubled.
Scheme 2 complicates receiver designs, particularly for advanced receivers.  If the layers do not all share the same resources, advanced receivers may have to blindly detect the presence or absence of an interfering layer.  Such blind detection could be infeasible, especially for CWIC receivers.

Finally, as in the case of Scheme 3, CQI will not likely reflect partially overlapped resources, since enough CSI processes may not be available to measure the many potential resource allocation combination hypotheses.

Observations:
· Scheme 1 

· Is most consistent with current LTE operation

· Has the least impact on UE complexity, having consistent interference among all layers, PRBs, and TPs

· Has simple resource allocation

· Can be accurately reflected in CQI

· Is not as flexible as scheme 2

· Scheme 2

· Allows eNB scheduling flexibility, although the use case for this flexibility is unclear.

· Noncoherent JT is best suited for lower loads and peak rate enhancement where e.g. load sharing across TPs is not likely to be useful.

· Complicates UE receiver designs, especially for advanced receivers.

· Requires more control signaling overhead, e.g. multiple PDCCHs

· May complicate HARQ feedback

· Leads to less accurate CQI feedback

· Scheme 3

· May provide frequency diversity gain.  However, it is unclear
· How much gain there can be in feCoMP scenarios

· If there will be sufficient CSI to obtain the gains.

· Should be compared to CS/CB schemes, since these may be better mechanisms to improve cell throughput.

Proposals:

· Fully overlapped resource allocation should be a baseline assumption in non-coherent JT studies
· Support for partial or non-overlapped resource allocation should be motivated by sufficient performance gains that overcome the greater UE complexity, signaling overhead, and limits in CSI feedback.
3 Conclusion
In this contribution, we considered high level alternatives for non-coherent JT operation, addressing the relative merit of the use cases and resource allocation mechanisms implied by these cases and schemes.  Our observations and proposals can be summarized: 

Observations:

· Case 1 (with different codewords on the TPs) can opportunistically improve peak rate in some scenarios, but is not likely to provide system throughput gains.

· Case 1 requires 4 UE receive antennas to be a practical means for peak rate enhancement. 

· Cases 2a (using transmit diversity across TPs) and 2b (SFN transmission across TPs) are not likely to be beneficial as compared to dynamic point selection.

· Scheme 1 (fully overlapped resource allocation) is most consistent with current LTE operation, has simple resource allocation, and the least impact on UE complexity

· Scheme 2 (partially overlapped resource allocation) is the most flexible, but also the most complicated in terms of signaling and receiver complexity.

· The performance benefit of this additional complexity is unclear, especially in the lightly load scenarios expected in non-coherent JT operation

· Scheme 3 (non-overlapped resource allocation) may provide frequency diversity, however the amount of capacity gain especially given realistic CSI feedback requires further study

· Scheme 3 enables interference coordination, and so should be considered in the context of CS/CB

Proposals:

· Non-coherent JT studies focus on Case 1 with 4 UE receive antennas

· Evaluations of capacity benefit should consider cases with N sites and 2 Tx antennas vs. N/2 sites and 4 Tx antennas

· Fully overlapped resource allocation should be a baseline assumption in non-coherent JT studies

· Support for partial or non-overlapped resource allocation should be motivated by sufficient performance gains that overcome the greater UE complexity, signaling overhead, and limits in CSI feedback.
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