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1 	Introduction
In RAN1#67 it is decided that per CSI-RS resource feedback is needed for CoMP. in this contribution we further discussed the need of inter-CSI-RS resources PMI feedback. 
Working assumption from RAN1#66bis:
· 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 
Note that use of SRS may be taken into account when reaching further agreements on the above. 
Agreements from RAN1#67
- CSI feedback for CoMP uses at least per-CSI-RS-resource feedback. 

2 	Some thinking of designing the inter-CSI-RS resource feedback.
In appendix, we have evaluated the sensitivity of Inter-CSI-RS resource. The conclusion is current frequency and time synchronization requirement must be enhanced by 10 times separately to guarantee inter-CSI-RS phase feedback valid. Such conclusion is also found by some other company. Besides, we further noticed that almost all the sensitivity study now in 3GPP mainly consider one or a few impairments only, it’s possible that JT performance will become worse when all impairments are considered. 
Besides, as discussed in [1], per CSI-RS resource feedback is a straight forward evolution of current LTE feedback system. It maintains the basic RI/CQI/PMI structure of current Rel.10 CSI-RS based feedback while allow multiple CSI-RS resources per UE. It’s a neat design as each CSI-RS resource is an independent feedback thread. However, if we try to design any feedback across CSI-RS resources, then explicit signaling is needed to indicate which two (or multiple) resources this feedback is mapping to. In another word, we have to identify each CSI-RS resource by some ID. It brings big standardization effort to design such mechanism. 

Proposal: Further investigate the performance of coherent JT with inter-CSI-RS resource feedback under realistic environment before standardize any cross CSI-RS or CRS resource feedback.

5 	Conclusion
In this contribution, we give our overall view on CoMP feedback design framework and principles with the following proposals: 
Proposal: Further investigate the performance of coherent JT with inter-CSI-RS resource feedback under realistic environment before standardize any cross CSI-RS or CRS resource feedback.

Appendix A: Evaluate the sensitivity of Inter-CSI-RS resource phase feedback
	Parameters
	Values

	Channel model
	SCM Urban Macro

	Number of eNBs
	2, both received at equal power on average at UE, first eNB has no timing or frequency offset, second eNB has timing or frequency offset applied

	BS antenna configuration
	XP: 1 cross-polarized antennas (2 elements)  

	UE antenna configuration
	XP: 1 cross-polarized antenna (2 elements) 

	UE velocity
	3 km/h

	Transmission mode
	SU-MIMO, rank 1 or rank 2

	System bandwidth
	10 MHz

	Rank adaptation
	No

	Link adaptation
	Yes (ideal)

	Per cell PMI feedback 
	6 PRB granularity (narrowband) or 50 PRB (wideband), Rel’8 4 Tx codebook

	CSI Feedback delay
	5 ms

	Channel estimation
	Ideal

	Receiver method
	MRC for rank 1, MMSE for rank 2
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[bookmark: _Ref308009317]Figure 1: The degradation in link throughput as a function of frequency offset. The left figure considers a 3 dB SNR (signal power from 2 eNBs) and the right figure assumes a 13 dB SNR. Note that a 100Hz frequency offset is equivalent to ~50kmph @ 2GHz
Assuming that the impact of frequency offset is negligible within an OFDM symbol, the frequency offset creates a phase difference between the signals received from the two transmission points. This phase difference is due to a term Δf*t where t is the time delay between the measurement of the channel by the UE and the PDSCH transmission. Therefore, depending on the feedback delay, a small frequency offset can significantly change the inter-point phase. Moreover, in the aggregated CQI feedback calculation this inter-point phase relation is assumed to be constant – creating also the issue of the CQI not being reliable correspondingly. This causes the degradation of coherent JT performance as shown in Figure 1. It is also observed that the degradation is more in the case of narrowband feedback than wideband. It may also be noted that such phase fluctuation is related to the feedback delay, therefore neither UE or eNB have enough information to predict this degradation and compensate the CQI feedback. In summary we observe two main impacts due to frequency offset - 
Observation 1: Feedback of inter Tx point phase andCQI information becomes very unreliable in the presence of frequency offset
Observation 2: Coherent JT performance degrades in the presence of frequency error. The relative degradation is larger with subband feedback than with wideband feedback 
In Figure 2 we illustrate the degradation of JT performance as a function of timing offset (47 samples correspond to 3µs). As expected for timing offset of the order of a few samples, narrowband feedback is more robust to wideband feedback. However, for timing offset beyond 5-10 samples, narrowband feedback also shows significant degradation in performance. 
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[bookmark: _Ref308011580]Figure 2: The degradation in link throughput as a function of timing error. The left figure considers a 3 dB SNR (signal power from 2 eNBs) and the right figure assumes a 13 dB SNR. Note that a 47 sample timing offset is equivalent to 3µs.
Observation3: Coherent JT with inter-point phase feedback is very sensitive to timing offset. 
Observation 4: Coherent JT performance degrades in the presence of timing error. Narrow band phase feedback can ease the degradation within some range of timing.
Conclusion: The frequency and time synchronization requirement must be enhanced ~10 times (0.05ppm and 3µs) to guarantee valid inter-CSI-RS resource phase feedback.  
Appendix B: Evaluate the impact from frequency offset to channel estimation error 
	Parameters
	Values

	Channel model
	SCM Urban Macro

	BS antenna configuration
	XP: 1 cross-polarized antennas (2 elements)  

	UE antenna configuration
	XP: 1 cross-polarized antenna (2 elements) 

	UE velocity
	3km/h

	Transmission mode
	SU-MIMO, up to 2 layers

	System bandwidth
	10 MHz

	Allocated PRB number
	10

	Number of PDCCH symbols per TTI
	2

	DRS
	CDM, 12REs per TTI

	Rank adaptation
	Yes

	Link adaptation
	Yes

	Per cell PMI feedback 
	5 PRB granularity, Rel’8 codebook

	CSI Feedback delay
	6ms

	CSI Feedback periodicity
	10ms

	Channel estimation
	Realistic for CSI estimation
2D-MMSE for DMRS based demodulation

	Receiver scheme
	MMSE

	Channel code
	Turbo code (8 iterations)

	Number of HARQ re-transmissions
	3 



One main challenging to be considered is the impact from frequency offset to demodulation channel estimation. As the signal are mixed in UE side, UE is difficult to track the time-selective channel (the signal from 2nd Tx is channel selective due to the frequency offset). In the figure 3, 100Hz frequency offset is assumed in two cells joint transmission. When SNR is increasing, coherent JT will encounter a performance bottleneck due to channel estimation error. From figure 3, it is clear that zero bit feedback is also not robust when frequency offset is presence.   
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Figure 3   Coherent JT performance with 100Hz frequency offset
  
Observation: Even with zero bit phase and aggregated CQI feedback, coherent JT is still sensitive to frequency offset due to channel estimation error. 

References
[1] [bookmark: _Ref308511519][bookmark: _Ref305349743]R1-114317, CSI Feedback using multiple CSI-RS resources, Nokia Siemens Networks, Nokia
[2] R1-114316, Feedback framework integrating CRS and CSI-RS based feedback, Nokia Siemens Networks, Nokia, 
[3] [bookmark: _Ref308511878]R1-113141, High-level proposals on DL CoMP Scheme, Nokia Siemens Networks.

image3.emf
-5 0 5 10 15 20 25

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

SNR(dB)

THP(kbps)

 

 

coherent JT 0bit with frequency offset

coherent JT 0bit without frequency offset


image1.emf

image2.emf

