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1
Introduction

The e-mail discussion prior to RAN1#66 provided good input to TR36.819 on CoMP standardization impacts. However there are a few additional issues which we believe have not been discussed thoroughly and therefore not caught enough attention but should still be listed as having standardization (and UE complexity) impact.

2
Standardization impacts
During the e-mail discussion, standardization impacts from CoMP have been identified in the following areas:

· Channel state information feedback design

· Reference signal design

· Control signalling design

Various issues related to these areas have been listed already in the technical report, but a few aspects still need to be considered further. First, as part of the feedback design, joint processing CoMP would require information also about the phase rotations due to timing offsets. Second, as part of reference signal design, one should consider if current CSI-RS density is sufficient for CoMP as well as other new DL MIMO features. Finally also as part of the feedback design, one may need to consider some small changes to the UE feedback procedures as well. These are further explained next.
Impact of timing offsets
It is clear that geographically separated points will not be perfectly synchronized. For example, during the discussion on CoMP simulation assumptions a maximum of 0.5 µs asynchronity was proposed as a realistic value, though some companies also proposed 3 µs – either way it can be assumed that synchronization inaccuracies are of the order of micro-second(s). In addition to the synchronization imperfections, the transmissions from geographically separated points arrive at the UE at slightly different times. Figure 1 shows typical timing offsets for CoMP UEs in scenario 4 when the received power from the cooperating set cells is assumed to be within {5, 10, 15} dB window. As can be seen, most of the delays are within the range of [-1,1] microseconds.
Observation: In typical scenarios, the timing offsets between the cooperating set cells could in the order of a few microseconds.
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Figure 1. Cumulative distribution function of timing offsets induced by propagation delays alone in scenarios 3 and 4.

The timing offsets translate in the frequency domain into linear phase rotation across the whole system bandwidth. Figure 2 illustrates how much the phase rotates within a {1,2,3} PRB subband. Already with relatively small delays of less than 1-2 microseconds the phase may rotate more than 180 degrees even within such a narrow subband, effectively meaning that the phase coherence within the subband (obtained via phase combiner feedback) is completely lost. It is noted that the subband sizes used here are already smaller than current LTE subband sizes – with actual LTE subband sizes the problem would be even worse. Finally it is noted that the effect is exactly the same as the impact of time misalignment in case of co-located antennas (due to improper calibration), but in much larger scale.
Observation: In case of geometrically separated antennas, phase coherence between transmitting points is lost due to phase rotations caused by timing offsets.
In order to enable phase-coherent transmissions from geometrically separated antennas, the UE will need to report something to the eNB about the phase variation. The simplest way is probably to quantize the phase variation as part of the feedback codebook, for example capturing the phase variation within one PRB or within some number of consecutive subcarriers. The eNB may then pre-compensate the delays prior to transmission. The phase pre-compensation impacts are illustrated in Figure 2. Already with 16-PSK phase compensation the phase variation can be quite well recovered such that phase rotations within a subband a only a few tens of degrees. It is noted that such linear phase variation, since it essentially happens due to propagation delays, may be considered as long-term CSI and hence may not need to be reported that often.
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Figure 2. Phase rotations within {1,2,3} PRB subbands with and without phase pre-compensation.
CSI-RS enhancements

Regarding CoMP impact on reference signal standardization, the TR version under e-mail discussion lists usage of existing CSI-RS, potential reference signals for interference measurements and potential enhancements to UE-specific RS.
During Release 10, the CSI-RS were mainly designed for PMI feedback purposes, targeting medium to high CSI-RS SINR conditions. For Release 10 single-cell MIMO purposes the CSI-RS design is indeed sufficient remembering that CRS are available for interference measurements. Assuming usage of zero-power CSI-RS in conjunction with CoMP, also the PMI feedback performance may be considered sufficient remembering that this was one of the design criteria already during Release 10. However, for Release 11 use cases and scenarios there are several reasons why enhancements to CSI-RS should be considered:

· Performance of interference measurements done based on CSI-RS is poor as shown in [1]. While this was discussed during the Release 10 studies, it was never properly considered in the CSI-RS design since CRS are available for interference measurements. However, especially for scenario 4 –type of distributed antenna scenarios with shared cell ID, interference measurements performed on CRS would not reflect correct interference levels seen during PDSCH transmissions. Also it should be considered whether CoMP interference measurements could be performed on enhanced CSI-RS.

· As discussed above, for joint processing CoMP the UE will need to report not only multi-cell CSI, but also information about the linear phase variation induced by the timing offsets. It can be expected that the frequency spacing of 12 REs may not be sufficient for properly capturing the phase variation; however this aspect would need further studies.
· Subband PMI reporting performance at low SINR with existing CSI-RS is rather poor as shown in [2]. Especially since E-PDCCH should operate robustly also at very low SINR, CSI-RS enhancement could prove to be beneficial also from the point of view of improving subband PMI feedback performance at low SINR.
Observation: CSI-RS enhancements should be considered for Release 11.

Obviously the most straightforward way to enhance CSI-RS is to simply increase the CSI-RS density for Release 11 UEs, for example to at least two REs per PRB per antenna port. A practical way of increasing the CSI-RS density without Release 10 UE impact would be to configure Release 10 UEs with a suitable zero-power CSI-RS pattern, and define a new enhanced CSI-RS pattern on the same RE locations. This of course implies some standardization impact in specifying the new CSI-RS, but the impact can be assumed to be limited since a lot of effort has been spent already during Release 10 for the evaluations.
UE feedback procedures
Many different types of implicit and explicit feedback have been listed in TR36.819 as potential candidates for CoMP feedback. Per-cell feedback has been agreed as a baseline in order to enable dynamic operation between multi-cell and single-cell transmissions. This leads to a design in which the UE will need to report per-cell feedback to multiple (e.g. up to three) cells, and in addition possibly report also inter-cell phase/amplitude information to the eNB. Obviously such feedback design multiplies the feedback computational load compared to Release 10. However it should be emphasized that the UE feedback processing capabilities are also not unlimited, and at some point the impacts of new feedback schemes on UE processing will need to be taken into account. Hence additional standardization impact may be foreseen if the UE feedback procedures are modified; in particular the impacts of potentially changing the 4 ms processing time for aperiodic PUSCH CSI reporting would need to be considered.

3
Conclusions

In this contribution we have discussed three aspects of CoMP that will have standardization impact but that have not yet caught enough attention:
· Compensation of timing offset impacts

· CSI-RS density enhancements

· Modifications to UE feedback procedures, in particular for allowing longer feedback processing time in case of aperiodic PUSCH

Text proposals to TR36.819 are provided accordingly.
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