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1 Introduction  
In Rel 13, the scope of CSI feedback enhancements include new codebooks for non precoded CSI-RS with 12 and 16 ports and CRI reporting for beamformed CSI-RS. When the dimension of antennas array scales up, the accuracy of CSI is becoming increasingly important. Therefore, it requires a new feedback methodology in addition to current CSI feedback mechanism to address the accuracy issue. The WID [1] for eFD-MIMO in R14 identified this issue and encourages to develop the new CSI feedback mechanism as follows. 
· As second priority, evaluate and, if needed, specify enhancement on CSI reporting based on non-precoded and beamformed CSI-RS to improve eNB precoding (such as new feedback methodologies in addition to codebook-based CSI feedback) and interference measurement to support efficient multi-user transmissions (e.g. further enabling interference estimation from NZP or ZP CSI-RS)
· Analog feedback is not precluded
In parallel with PMI based CSI feedback in FDD system and non PMI based feedback in TDD system, a new CSI feedback methodologies of analog CSI feedback should also be introduced to further improve the accuracy of CSI reporting for both TDD and FDD. In this contribution, we present our view on the analog CSI feedback and also provide the performance evaluations of the analog CSI feedback scheme with realistic assumptions. The simulation results demonstrate significant gain over legacy CSI feedback mechanism.
2 Discussion on the motivation to introduce the analog CSI feedback  
In TDD system, where the eNB and UE share the same frequency band for transmission, the eNB can exploit reciprocity to acquire the downlink channel from uplink signal. However, the FDD system is more difficult to obtain accurate CSI at the transmitters because the eNB transmits and receives on different frequencies and therefore cannot use the received uplink signal to infer anything about the downlink channel. In the traditional CSI feedback mechanism for FDD system, the UE measures the downlink reference signal and then feedback the quantized channel state information .e.g. PMI. The quantization loss of the CSI is unrecoverable at the eNB side even if the channel condition for the CSI transmission is perfect. The quantized precoding matrix is selected from the codebook constructed with limited number of DFT vectors. Due to the restriction of DFT vector with constant modular and linear phase, the quantized precoding matrix can not reflect the real channel characteristic perfectly. In particular, MU-MIMO performance is extremely sensitive to the accuracy of the CSI. Even a small error in the channel state information can lead to the significant performance degradation. The quantization loss of the suboptimal quantized precoding matrix in FDD leads to the significant performance loss comparing with TDD system. From the evaluation results, the performance gap between FDD and TDD is up to 32.34% for 50% UPT and 27.39% for 5% UPT due to the CSI quantization loss for FDD. 
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Figure 1. Performance of TDD and FDD for ideal channel estimation 

Observation 1: PMI based CSI feedback in FDD system lead to 32.34% for 50% UPT and 27.39% for 5% UPT due to the CSI quantization loss for FDD.
Although TDD system can rely on SRS to obtain the downlink channel information, and there is no CSI quantization loss for TDD system, the measurement performance based on SRS is still challenging in the realistic scenario. First of all, the channel reciprocity cannot always be applied for obtaining the downlink channel state information. For the cases when UE is equipped with two receive antennas but only one transmit antenna, only half of the downlink channel information can be obtained. Secondly, the measurement accuracy based on SRS will be impacted by UE’s transmit power limitation. Wideband SRS transmission can only be used for cell centre UEs which are not power limited. And for the cell edge UEs, as the transmit power is limited, subband SRS transmission is usually be used to guarantee the high power spectrum density for sufficient channel estimation accuracy. To capture the channel characteristic of the entire bandwidth to aid the eNB to perform frequency selective scheduling, SRS hopping in frequency is usually configured by eNB. However, it takes relatively long period to swipe all the bandwidth and make the eNB hardly capture the instantaneous channel state timely and effectively. Therefore, the sensitivity of channel estimation of SRS will significantly impact the system performance in TDD system. As illustrated in Figure 3, the performance loss of 50% UPT and 5% UPT is up to 25.14% and 28.24% comparing with ideal channel estimation when considering the channel error modelling for SRS. In Figure 4, it shows the the performance degradation for FDD system is only 4.93% and 3.77% when taking CSI-RS error modelling into consideration comparing with ideal channel estimation. If comparing these two Figures, it can be observed the TDD system suffers more performance loss than that of FDD when taking considering the realistic channel estimation error modelling into consideration.  Due to the transmit power of UE is limited, the transmit power of SRS is much lower than that of the CSI-RS. Therefore, the channel estimation accuracy of SRS is more sensitive to the interference and noise than that of the CSI-RS.
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Figure 2. Performance of FDD for real and ideal channel estimation
Figure 3. Performance of TDD for real and ideal channel estimation
Observation 2: The channel estimation error for SRS leads to 25.14% and 28.24% loss for 50% UPT and 5% UPT for TDD system which is much larger than that of FDD system.

According to the above analysis, both PMI based CSI feedback in FDD system and non PMI based feedback in TDD system in legacy system have their notable drawbacks that lead to large gaps to approach to ideal performance. It drives to develop a new CSI feedback mechanism that can further improve the measurement accuracy and mitigate the gap to ideal performance. 
[image: image10.wmf]In contrast to the digital CSI feedback, the analog CSI feedback method feedback the unquantized CSI without quantization loss. The UE measures the downlink channel based on CSI-RS and implements SVD of the channel matrix to get the eigen vector as the unquantized CSI.
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Then the UE modulates each of the elements of the eigen vector onto a ZC sequence just like the UCI modulation on PUCCH. The PUCCH format 2 like channel for digital CSI feedback can be used for analog CSI feedback to save the standard work as shown in Figure 4. In addition, similar with PUSCH 3-2, all the subband analog CSI can be reported simultaneously on the CSI feedback channel to reflect the whole channel characteristic as shown in Figure 5. Different UE’s analog CSI can be multiplex in the same resource with different cyclic shifts.
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Figure 4.Analog CSI transmission on PUCCH format 2 like channel
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Figure 5.Subband analog CSI transmission on PUCCH like channel
The measurement for analog CSI feedback is based on CSI-RS as in FDD system, which has more robust channel estimation performance than that of SRS in TDD system. Furthermore, the feedback CSI is without quantization loss and it can be recovered at the eNB side as TDD system if the transmission condition is reliable. Given that, analog CSI feedback can jointly take the advantage of accurate CSI measurement of FDD system and the advantage of non quantization loss reporting in TDD system and thus it can provide significant performance improvement relative to both TDD and FDD as illustrated in Figure 6.
The analog CSI feedback mode can be configured through UE specific signalling. The eNB can flexibly configure the UE with the best CSI feedback mode among PMI based CSI feedback ,non PMI based CSI feedback and analog CSI feedback mode according to the UE’s channel condition to achieve the optimal performance. 
Meanwhile, the analog CSI feedback channel can be scheduled onto the best resource to achieve the frequency scheduling gain and FDMed with PUSCH. Thus it can keep backward compatibility and has no impact on PUSCH transmission for legacy UE.
From the implementation aspect, as the analog CSI does not need to be encoded and modulated like the digital CSI, it can reduce UE’s implementation complexity and processing latency.
 The benefits of analog CSI feedback are summarized as follows:
· CSI accuracy improvement for both TDD and FDD
· Low implementation complexity 

· Backward compatible

· Small standard effort

Observation 3: The benefits of analog CSI feedback are summarized as follows:

· CSI accuracy improvement for both TDD and FDD

· Low implementation complexity 

· Backward compatible

· Small standard effort
Proposal: Analog CSI feedback can jointly take the advantage of accurate CSI measurement of FDD system and the advantage of non quantization loss reporting in TDD system and thus it can provide significant performance improvement relative to both TDD and FDD. Analog CSI feedback should be supported. 

3 Evaluation results of the analog CSI feedback  

Figure 6 illustrate the evaluation results of analog CSI feedback comparing with legacy PMI based CSI feedback in FDD system and non PMI based CSI feedback in TDD system. Wherein, the realistic error modelling for both uplink channel and downlink channel is considered.

For downlink channel measurement, the error modelling for CSI-RS is implemented. And for uplink, the error modelling for UL DMRS channel estimation and the demodulation of analog CSI are both considered in the simulation.
The detailed simulation assumption is provided in the appendix. 
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Figure 6.  Performance of analog CSI feedback, PMI based and non PMI based CSI feedback
From Figure 6, it can be seen that analog CSI feedback can bring about 21.65% and 20.21% performance gain for 50% UPT and 5% UPT relative to PMI based CSI feedback in FDD system. Furthermore, it can be observed that analog CSI feedback can also outperforms non PMI based CSI feedback in TDD system.
Observation 4: Analog CSI feedback can bring about 21.65% and 20.21% performance gain for 50% UPT and 5% UPT relative to PMI based CSI feedback in FDD system.
Observation 5: Analog CSI feedback can bring about 9.62% and 16.61% performance gain for 50% UPT and 5% UPT relative to non PMI based CSI feedback in TDD system.
4 Conclusions
In this contribution, we focus on the discussion on the analog CSI feedback and also provide the performance evaluations of the analog CSI feedback scheme with realistic assumptions. According to the simulation results and analysis, we have the following observations
Observation 1: PMI based CSI feedback in FDD system lead to 32.34% for 50% UPT and 27.39% for 5% UPT due to the CSI quantization loss for FDD.
Observation 2: The channel estimation error for SRS leads to 25.14% and 28.24% loss for 50% UPT and 5% UPT for TDD system which is much larger than that of FDD system.

Observation 3: The benefits of analog CSI feedback are summarized as follows:

· CSI accuracy improvement for both TDD and FDD

· Low implementation complexity 

· Backward compatible

· Small standard effort
Observation 4: Analog CSI feedback can bring about 21.65% and 20.21% performance gain for 50% UPT and 5% UPT relative to PMI based CSI feedback in FDD system.
Observation 5: Analog CSI feedback can bring about 9.62% and 16.61% performance gain for 50% UPT and 5% UPT relative to non PMI based CSI feedback in TDD system.

According to the above observations and analysis, we proposed that
Proposal: Analog CSI feedback can jointly take the advantage of accurate CSI measurement of FDD system and the advantage of non quantization loss reporting in TDD system and thus it can provide significant performance improvement relative to both TDD and FDD. Analog CSI feedback should be supported. 
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Simulation assumption
	Parameter
	Value

	Scenario
	UMa with 500 ISD and 2GHz

	Antenna 
configuration
	4 antenna, X-polarized: 45/-45 degrees

	
	2 Rx at UE with 
[image: image8.wmf]0.5

l

spacing
X-polarized: 0/+90 degrees

	
	2D antenna pattern defined in TR36.814

	UE 
configurations

	Speed: 3km/h

	
	UE attachment: Based on RSRP from CRS port 0

	
	UE distribution: 80% indoor and 20% outdoor only distributed on floor

	SRS configuraton
	2Tx at UE with
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l

spacing
X-polarized: 0/+90 degrees

	System 
Bandwidth
	10MHz (50RBs)

	Scheduler
	PF

	Number of UEs per cell
	10

	traffic model
	Burst buffer with arrival rate 4

	Transmit Mode
	TM10 with a single CSI process

	
	Dynamic SU/MU: rank2 adaptation
Max paired UE number: 2

	Receiver
	Non-ideal channel estimation

	
	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-2 

	
	CQI and PMI reporting triggered per 5ms 

	
	Feedback delay is 5ms

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Handover margin
	3dB


� EMBED Equation.3  ���
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