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1 Introduction

In 3GPP RAN #66bis meeting, a working assumption was agreed to standardise a common feedback/signalling framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB. 

· Feedback scheme to be composed from one or more of the following, including at least one of the first 3 sub-bullets:

· feedback aggregated across multiple CSI-RS resources 

· per-CSI-RS-resource feedback with inter-CSI-RS-resource feedback

· per-CSI-RS-resource feedback

· per cell Rel-8 CRS-based feedback 
In this contribution, we analyze the benefits of inter-CSI-RS-resource feedback for coherent JT and analyze the issues of synchronization errors including time offset and frequency offset.
2 Benefits of inter-CSI-RS-resource feedback 
In [3], we have analyzed the benefits of inter-CSI-RS-resource feedback. System-level evaluation is provided in Appendix A. More evaluation results are provided in [1][2]. From the evaluations in Figure 1 and 2, it is shown that the inter-CSI-RS-resource feedback is necessary for JT performance and 4 bits may provide a good compromise between performance and overhead for the feedback of the relative phase/amplitude offset information. 
Observation:

· Inter-CSI-RS-resource feedback is necessary for JT
Proposal:
· 4 bits to convey the inter-CSI-RS-resource relative phase/amplitude offset provide a good trade-off between overhead and performance.
3 Issues of time offset
In 3GPP TS36.133, cell phase synchronization accuracy is defined as the maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas. For small cell (Cell Radius ( 3 km) of wide area BS in TDD, the cell phase synchronization accuracy measured at BS antenna connectors shall be better than 3 microseconds. 
Cell phase synchronization error along with propagation delay will cause time offset between geographically distributed antennas observed by UE. Time offset further causes extra frequency-selectivity. Assuming that time offset is 3 microseconds, the relative phase difference between two geographically distributed BS would vary on the order of 194.4 degrees (360*3e-6*180e3) in one RB. In this case, it is useless to accurately quantize phase difference between two geography distributed BS, because it changes too fast in frequency domain. 
Fortunately, there is no time offset problem for intra-site operation, because cell phase synchronization error can be limited by implementation, and propagation delay from each cell of the same site is the same. However, the problem of time-misalignment also needs to be addressed. In 36.104, it is specified that, for MIMO or TX diversity transmissions, at each carrier frequency, TAE shall not exceed 65 ns. Consider this requirement, the relative phase difference between two antennas would vary on order of 4.212 degrees (360*65e-9*180e3) in one RB. 
To solve the TAE or small time offset (e.g. time offset ≤ 0.x micro second), we could consider subband (or even smaller subband) feedback for inter-CSI-RS-resource feedback. For large time offset (e.g. time offset > 0.x micro second) between different geography distributed BSs, we could consider reducing the time offset by increasing the cell phase synchronization accuracy by implementation, and consider using subband (or even smaller subband) feedback of phase difference to solve residual time offset.
4 Issues of frequency offset
In 3GPP TS36.104, frequency error is the measure of the difference between the actual BS transmit frequency and the assigned frequency. The same source shall be used for RF frequency and data clock generation. The modulated carrier frequency of each E-UTRA carrier configured by the BS shall be accurate to within the accuracy range ±0.05 ppm for wide area BS. 
The relative phase difference between two BS would vary on order of 
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 seconds, where 
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 is frequency offset between two BS, 
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 is time difference between measurement time and transmission time. Assuming carrier frequency is 2GHz, frequency error is 0.05ppm and 
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 is 10ms, then phase difference between two BS would vary on order of 360 degrees. In this case, it is useless to accurately quantize phase difference between two BS, because it changes too fast in time domain. 
In appendix B, we evaluate the impact of frequency error.

Observations:
· 0.05ppm frequency error eliminates gains coming from JT
· JT could works well with 0.005ppm frequency error, when feedback period is 5ms or 10ms.
Fortunately, there would be no frequency error problem for intra-site, if a common local oscillator is used for different sectors in the same site. For frequency error between different geographically distributed BSs, we could consider reducing time offset by increasing the frequency synchronization accuracy by implementation.
5 Conclusion

In this contribution, we analyzed the benefits of inter-CSI-RS-resource feedback for coherent JT and the issues of synchronization errors including time offset and frequency offset.
Observation:

· Inter-CSI-RS-resource feedback is necessary for JT
Proposal:
· 4 bits to convey the inter-CSI-RS-resource relative phase/amplitude offset provide a good trade-off between overhead and performance.
It was also observed that time offset and frequency offset impact the performance of JT. However, for intra-site scenario, time offset and frequency offset can be avoided by implementation, so we recommend performing JT in intra-site. Furthermore, to reduce the impact of time offset and frequency offset, we recommend use subband feedback and small feedback period for inter-CSI-RS-resource feedback.
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Appendix A. Evaluation of inter-CSI-RS-resource phase/amplitude
When the UE is configured with the CoMP measurement set, it reports the CSI information of different CSI-RS-resource, where per-CSI-RS-resource feedback is needed to reflect the channel condition between the UE and the corresponding point, and inter-CSI-RS-resource phase/amplitude feedback is required to guarantee the performance benefits of JT. We have analyzed the impact of inter-CSI-RS-resource phase/amplitude information accuracy on the performance of JT, as shown in Figures 1 and 2. The abbreviation in brackets means different constellation codebook used for W. Feedback method 2 in [3] is used. More assumptions are listed in Appendix C.
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Figure 1. cell average gain over single-cell MU-MIMO
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Figure 2. cell edge gain over single-cell MU-MIMO
The simulations show that accurate inter-CSI-RS-resource phase information is important to obtain the benefit of JT. Compared with single-cell MU-MIMO, JT without inter-CSI-RS-resource phase/amplitude information almost could not provide gains. However, 4-bit inter-CSI-RS-resource feedback could offer as much as 5%~15% point average gain and 25%~45% point edge performance gain. 2-bit feedback also consistently provides more than 20% cell edge gain without degradation in cell average throughput. Diminishing returns in cell edge gain can be seen with more than 4 bits. So 4-bits seems to offer a good tradeoff between performance and overhead.
Appendix B. Evaluation considering frequency error
In the simulation, frequency error is modelled as uniform distribution in [-X ppm, X ppm], where X={0, 0.0005, 0.005, 0.05}. Frequency error doesn’t change in time domain, and frequency error of each cell is independent. 4bits-16QAM is used to quantize inter-CSI-RS-resource information. More assumptions are listed in Appendix C.
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Figure 3. cell average gain over single-cell MU-MIMO
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Figure 4. cell edge gain over single-cell MU-MIMO
Appendix C. Assumption

Table 1. System evaluation parameters

	Parameter
	Values used for evaluation

	Deployment scenarios
	Scenario 1: homogeneous network with intra-site CoMP

	Simulation case
	3GPP-Case1 with 15 degree angle spread 

	Number of UEs per point
	10

	Duplex mode
	FDD 

	System bandwidth
	10 MHz 

	transmission schemes in DL
	MU-MIMO with JT-CoMP

	Network synchronization
	3 sectors of the same site are synchronized

	Number of antennas at transmission point
	2 or 4

	Number of antennas at UE
	2

	Antenna configuration
	For macro eNB and high power RRH:

2 Tx antennas

1.
1 column, cross-polarized: X

2.
2 columns, closely-spaced co-polarized: | |

4 Tx antennas

1.
2 columns, cross-polarized on each column, closely-spaced: X X

3.
4 columns, co-polarized, closely-spaced: | | | |

	Antenna pattern
	Follow 36.814 Annex A 2.1.1.1 Table A.2.1.1-2

	eNB Antenna tilt
	Follow 36.814 Annex A 2.1.1.1 Table A.2.1.1-2 

3D

	Feedback scheme
	Adaptive codebook, using short-term subband CSI (2 or 4 bits PMI) + long-term covariance matrix, for serving point;

Long-term channel covariance matrix plus short-term codebook-based CSI with x bits per sub-band per neighbor point; 

Long-term channel covariance matrix is obtained by channel reciprocity;
Inter point phase/amplitude information: 1bit-BPSK, 2bits-QPSK,  3bits-8PSK, 4bits-16QAM
4 bits subband CQI

	CSI feedback delay
	4ms

	CSI feedback period
	5 ms for short term;100 ms for long term

	Channel estimation
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	UE receiver
	MMSE option 1
Ideal channel estimation based on DM-RS 

	DL overhead assumption
	3 symbols for DL CCHs (2 symbols for DwPTS CCHs in TDD), 1 port CRS and 12 REs for DM-RS for both single-point MU-MIMO and CoMP
2 or 4 port CSI-RS with 5ms period; 
4 port x 1+ 2 port muting with 5ms period for 2Tx CoMP (assuming that 2-port CSI-RS patterns of 3 coordinated points can combine to form one 4-port CSI-RS patterns and one 2-port CSI-RS pattern), 4 port x 2 muting with 5ms period for 4Tx CoMP.

	Placing of UEs
	Uniform distribution for homogeneous networks

	Criteria for CoMP
	RSRPserving_point  – RSRPcoordinate_point < 20dB

	Scheduler
	Greedy + Proportional Fair

	Precoding Scheme 
	Zero Forcing

	Number of simultaneous UEs
	Adaptive, at most 2UEs/point for 2Tx, 4UEs/point for 4Tx

	Traffic model
	Full buffer 

	Backhaul assumptions
	Step 1: point-to-point fiber, zero latency and infinite capacity

	HARQ
	CC, Maximum 3 transmission 
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