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1. Introduction

In RAN1#68 meeting, companies proposed that JT transmission and inter-CSI-RS-resource feedback should be supported [1]. However, some companies expressed their concerns about the following issues:
· Gain of inter-CSI-RS feedback

· Higher rank operation
· Feedback overhead

· Feasibility of frequency and time domain synchronization

· Processing complexity and testing 
In this contribution, we provide our views on the inter-CSI-RS-resource feedback and the concerned issues, and suggest that configurable inter-CSI-RS-resource feedback should be supported based on performance evaluation and analysis.
2. On performance gain of coherent JT with PhI feedback
From simulation results of companies concerned with the performance gain of inter-CSI-RS-resource feedback, the gain of per-CSI-RS-resource plus inter-CSI-RS-resource phase (PhI) feedback over only per-CSI-RS-resource feedback is inarguable [2]. The only debate is the comparison between coherent JT with PhI feedback and non-coherent JT with aggregated CQI.
Though most of performance comparison of coherent JT with PhI feedback and non-coherent JT with aggregated CQI are carried out using SU-JT transmission, it should be pointed out that the main discrepancy between these two kinds of feedback is that the former one can support MU-JT transmission. During the study item, most of the companies evaluated coherent joint transmission with inter-CSI-RS-resource phase (PhI) feedback and gave positive results [3]. The conclusions “CoMP can offer performance benefits in homogeneous networks (scenarios 1 and 2)” and “CoMP shows performance benefits in heterogeneous networks (scenarios 3 and 4)” is conditioned on the fact that “CoMP” refers to “coherent JT with dynamic SU/MU”.
Observation 1: Performance benefit of coherent JT using PhI with dynamic SU/MU switch has been proven in both homogeneous and heterogeneous networks.
To compare the performance gain of coherent JT with PhI feedback and non-coherent JT with aggregated CQI, we implement the following simulations based on SU-JT. All the simulation assumptions and simulation results are given in the Appendix.
Simulation 1: Coherent vs Non-cohenrent Rank 1 SU-JT
From the simulation results from Table 1 of the Appendix, coherent JT with PhI provides about 6% cell-edge performance gain over non-coherent JT with aggregated CQI, and 12% gain over non-coherent JT only with per-CSI-RS-resource feedback under UE deployment of Config 4b. A few bits, e.g., 2 bits for each subband are sufficient for PhI feedback to facilitate coherent SU-JT. For UE deployment of Config 1, the performance gaps among these feedback schemes are relatively small. However, the performance of PhI is slightly better than that of aggregated CQI feedback.
Observation 2: For Rank 1 SU-JT, coherent JT with PhI feedback provides better performance than non-coherent JT with aggregated CQI.
Simulation 2: Rank 1 vs Rank Free SU-JT with Aggregated CQI
Observed from the simulation results in Table 2 of the Appendix, the performance gain of SU-JT with adaptive rank facilitated by higher rank aggregated CQI is almost the same with SU-JT with rank restricted aggregated CQI feedback. The reason of absence performance gain for higher rank is that the users reporting higher rank is always near the center of a cell, and the signal from the other cells will be much weaker. Then the power improvement of signal by JT becomes insignificant comparing with single point transmission with blanking the other points. By the similar reason, both aggregated CQI and inter-resource feedback are not recommended to feed back for higher rank JT.
Observation 3: JT with the higher rank than 1 can provide marginal benefit compared with that with rank 1 while convincing performance gain can be achieved by rank 1 transmission.
Summarizing the above comparison, we can conclude that the gain of inter-CSI-RS feedback is unassailable. On the one hand, PhI feedback outperforms aggregated CQI for SU-JT; on the other hand, PhI feedback can support MU-JT to achieve more performance gain of coherent JT.
3. On feedback overhead
The feedback overhead for PhI and aggregated CQI feedback is highly correlative with the size of feedback set. In [3], we observed that the maximum CoMP measurement set size = 2 is appropriate if PMI/RI feedback is configured. In that case, only a PhI or an aggregated CQI is needed per subband for each feedback set. And we assume each PhI needs 2-bit payload size, and each aggregated CQI (for one codeword) requires 4-bit payload size. SU-JT constricted with rank 1 is evaluated to determine the appropriate frequency/time granularity for both PhI and aggregated CQI feedback.
Simulation 3: Rank 1 SU-JT with Different Frequency Granularity
Observed from the simulation results in Table 3 of the Appendix, for both PhI and aggregated CQI, subband feedback (6 PRBs) provides similar performance with that of per-PRB feedback.
Simulation 4: Rank 1 SU-JT with Different Time Granularity
Observed from the simulation results in Table 4 of the Appendix, for both PhI and aggregated CQI, 20 ms delay does not lead to performance loss.
Based on the above simulation results, the feedback granularity for PhI is comparative with that of aggregated CQI. Considering the payload size of each PhI is half of each aggregated CQI, the overhead of PhI will be half or comparative with aggregated CQI feedback.
Observation 4: The overhead of PhI and aggregated CQI feedback is comparative.
4. On feasibility of frequency and time domain synchronization
In [5], it is observed that the frequency and time synchronization requirement (0.05ppm and 3µs) must be enhanced ~10 times to guarantee valid PhI feedback. And even with zero bit phase and aggregated CQI feedback, non-coherent JT is still sensitive to frequency offset due to channel estimation error. RAN4 may decide whether or not new synchronization requirements would be needed.
Though the current frequency and time synchronization requirement cannot meet the need for coherent JT, more accurate frequency and time synchronization can be achieved in some deployments or by implementation, and the small frequency/time offsets can be overcomed by appropriate feedback granularity. In practice, synchronization is feasible for intra-site operation by sharing the same oscillator at different RRUs of the same site [6, 7]. It is also possible for the network to track offsets and predict their impacts on the PhI by implemental methods. It is because the frequency and time offsets are relatively constant over time (invariable over several hours), and all users is affected by the same frequency offset. In the cases with more accurate frequency and time synchronization, it is advisable to support configuration of PhI feedback to benefit from coherent JT.
Observation 5: Accurate frequency and time domain synchronization can be achieve in intra-site operation or by implementation.
5. On processing complexity and testing
Based on per-CSI-RS-resource feedback, PhI feedback needs only choosing a phase from a 2-bit codebook, the processing complexity introduced by PhI feedback is very limited. For the testing issues, it can be foreseen that testing of feedback for CoMP will be more complex than for single-cell MIMO. New testing methods are suggested to be considered in RAN4. Furthermore, testing for aggregated CQI with non-coherent JT and PhI feedback with coherent JT has the similar complexity. 
Observation 6: PhI feedback will introduce very limited processing complexity, and similar testing complexity with that of aggregated CQI.
6. Conclusions

In this contribution, the inter-CSI-RS-resource feedback and the concerned issues are discussed. From the performance evaluation and analysis, we observe that:

· The gain of inter-CSI-RS feedback is unassailable.

· The overhead of PhI and aggregated CQI feedback is comparative.
· Accurate frequency and time domain synchronization can be achieved in intra-site operation or by implementation.

· PhI feedback will introduce very limited processing complexity, and similar testing complexity with that of aggregated CQI.
Based on the above observation, we suggest that configurable inter-CSI-RS-resource feedback should be supported.
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Appendix: System evaluation
System level evaluation of SU-JT is performed for heterogeneous deployment. Different feedback schemes or rank constrictions are used in the simulations. For per-CSI-RS-resource feedback, besides per-CSI-RS-resource PMI, per-CSI-RS-resource CQI is also feedback to provide channel quality of each CSI-RS-resource. The PhI and aggregated CQI feedback is on the top of per-CSI-RS-resource feedback, therefore, the fallback from multi-point to single-point transmission is supported. When inter-CSI-RS-resource feedback is available, coherent SU-JT is carried out; otherwise non-coherent SU-JT is implemented. If aggregated CQI is unavailable, JT-CQI will be predicted based on per-CSI-RS-resource feedback at the network, otherwise, the reported aggregated CQI is utilized. The detailed simulation assumptions are given in Table 5.
Simulation 1: Coherent vs Non-cohenrent Rank 1 SU-JT

Table 1: Coherent JT vs non-coherent JT in Scenario 3/4, 4×2 cross-polarized antenna
	UE deployment
	Transmission scheme
	Average spectrum efficiency (bps/Hz)
	Cell-average gain
	5% cell-edge spectrum efficiency (bps/Hz/user)
	Cell-edge gain

	Config 1
	SU-MIMO
	7.23
	0.00%
	0.052
	0.00%

	
	Coherent SU-JT
	7.01
	-3.00%
	0.064
	23.54%

	
	Non-coherent SU-JT with aggregated CQI
	7.30
	1.02%
	0.063
	20.76%

	
	Non-coherent SU-JT w/o aggregated CQI
	6.99
	-3.28%
	0.061
	17.59%

	Config 4b
	SU-MIMO
	8.15
	0.00%
	0.069
	0.00%

	
	Coherent SU-JT
	8.41
	3.18%
	0.089
	28.12%

	
	Non-coherent SU-JT with aggregated CQI
	8.58
	5.31%
	0.084
	21.67%

	
	Non-coherent SU-JT w/o aggregated CQI
	8.24
	1.16%
	0.080
	15.71%


Simulation 2: Rank 1 vs Rank Free SU-JT with Aggregated CQI
Table 2: Rank free non-coherent JT vs. rank 1 non-coherent JT, 2×2 cross-polarized antenna
	UE deployment
	Transmission scheme
	Average spectrum efficiency (bps/Hz)
	Cell-average gain
	5% cell-edge spectrum efficiency (bps/Hz/user)
	Cell-edge gain

	Config 1
	Rank adaptive SU-MIMO
	8.82
	0.00%
	0.044
	0.00%

	
	Rank adaptive non-coherent SU-JT
	9.00
	2.03%
	0.051
	17.10%

	
	Rank 1 non-coherent SU-JT 
	8.85
	0.40%
	0.052
	17.59%

	Config 4b
	Rank adaptive SU-MIMO
	10.63
	0.00%
	0.061
	0.00%

	
	Rank adaptive non-coherent SU-JT
	11.29
	6.17%
	0.074
	21.06%

	
	Rank 1 non-coherent SU-JT 
	10.91
	-3.40%
	0.074
	20.07%


Simulation 3: Rank 1 SU-JT with Different Frequency Granularity
Table 3: Rank 1 JT with different frequency granularity, Config 4b, 2×2 cross-polarized antenna
	Transmission scheme
	Frequency granularity
	Average spectrum efficiency (bps/Hz)
	Cell-average gain
	5% cell-edge spectrum efficiency (bps/Hz/user)
	Cell-edge gain

	SU-MIMO
	1PRB
	7.89
	0.00%
	0.056
	0.00%

	
	6PRB
	7.87
	0.00%
	0.056
	0.00%

	Coherent SU-JT
	1PRB
	8.45
	7.10%
	0.076
	35.71%

	
	6PRB
	8.22
	4.45%
	0.076
	35.71%

	Non-coherent SU-JT with aggregated CQI
	1PRB
	8.48
	7.48%
	0.073
	30.36%

	
	6PRB
	8.42
	6.99%
	0.072
	28.57%


Simulation 4: Rank 1 SU-JT with Different Time Granularity
Table 4: Rank 1 with different time granularity, Config 4b, 2×2 cross-polarized antenna
	Transmission scheme
	time granularity
	Average spectrum efficiency (bps/Hz)
	Cell-average gain
	5% cell-edge spectrum efficiency (bps/Hz/user)
	Cell-edge gain

	SU-MIMO
	5ms
	7.87
	0.00%
	0.056
	0.00%

	
	10ms
	7.87
	0.00%
	0.056
	0.00%

	
	20ms
	7.85
	0.00%
	0.054
	0.00%

	Coherent SU-JT
	5ms
	8.42
	6.99%
	0.076
	35.72%

	
	10ms
	8.22
	4.45%
	0.076
	35.71%

	
	20ms
	8.21
	4.59%
	0.074
	37.04%

	Non-coherent SU-JT
	5ms
	8.51
	8.13%
	0.071
	26.79%

	
	10ms
	8.42
	6.99%
	0.072
	28.58%

	
	20ms
	8.29
	5.61%
	0.069
	27.78%


Table 5: Simulation assumptions
	Parameter
	Assumption 

	Scenario
	Scenario 3 / 4

	Deployment model
	Heterogeneous deployment with low Tx power RRHs

	
	Zero backhaul latency

	
	Hexagonal grid, 19 macro sites, 3 sectors/site, 4 RRHs/sector

	Coordination area
	Coordination within one macro cell area

	Traffic model
	Full buffer

	UE speeds of interest
	3 km/h

	Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Max number of HARQ retransmissions
	4

	Channel model
	Macro to UE: ITU UMA

	
	RRH to UE: ITU UMI

	Transmit power
	Macro site: 46dBm; RRH: 30dBm

	Number of antennas (Macro, RRH)
	(4, 4), (2, 2)

	Number of UE antennas
	2

	Number of UE per macro area
	Config 1: 25;  Config 4b: 30

	Antenna configuration
	TX: cross-polarized ±45°
RX: cross-polarized ±45°

	Receiver 
	MMSE option 1

	Propagation delay
	Modeled

	Timing error
	0 us

	Feedback type
	Rank 1 coherent JT: Subband per-CSI-RS-resource PMI + subband per-CSI-RS-resource CQI + subband PhI

Rank 1 non-coherent JT: Subband per-CSI-RS-resource PMI + subband per-CSI-RS-resource CQI + subband rank 1 aggregated CQI
Rank adaptive non-coherent JT: Subband per-CSI-RS-resource PMI + RI (selected according to serving cell) + subband per-CSI-RS-resource CQI + subband rank adaptive aggregated CQI

	Period of feedback
	5ms, 10ms, 20ms

	Subband size
	1PRB, 6PRB

	PMI codebook
	R10 codebook for per-CSI-RS-resource PMI, QPSK for PhI

	Link adaptation
	Non-ideal

	Scheduler
	Proportional fair in time and frequency

	Transmission scheme
	Rank adaptive SU-MIMO, non-coherent SU-JT

	Tx point selection threshold
	15 dB

	Max number of point in measurement set
	2

	Overhead
	6/10 MBSFN DL subframe, 4/10 non-MBSFN DL subframe

- MBSFN DL subframe: 2PDCCH symbols, 12 RE/RB DMRS.

- non-MBSFN DL subframe: 3PDCCH symbols, 12RE/RB DMRS, 2CRS ports. 
Total overhead: 25.71%








