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1 Introduction
Dual layer beamforming is one of the enhancement features supported in Rel-9.  Feedback mechanism is an important issue which should be carefully addressed so that we can fully realize the gain from single layer beamforming to dual layer beamforming.  It was agreed in [3] that TxD based and PMI based feedback modes are both supported for both TDD and FDD.   The baseline of the feedback mode for dual layer beamforming is no PMI feedback.  However, the details of TxD based feedback without PMI is not yet discussed.  In this contribution, different reporting schemes are discussed and system level simulation results are provided.  Based on our observation and analysis, we propose to use a DMRS assisted CQI reporting scheme in Rel-9.  
2 Feedback Options
2.1 TxD based CQI
In this option, UE calculates and reports CQI based on the same fashion of transmission mode 7 in Rel-8 (i.e. transmit diversity based).  The eNB adjusts the reported CQI based on the measured beamforming gain and channel knowledge obtained by channel reciprocity using SRS.   For dual layer beamforming, two CQIs can be obtained by considering the relative strength of two strongest eigen directions.  Rank adaptation can also be done at eNB so that dynamic switching between single layer and dual layer beamforming can be achieved.  Since the beamforming weighs are determined at eNB, eNB can perform eigen-beamforming based on the short term channel information obtained from SRS with the assumption of having the antenna switching feature at UE.  If antenna switching is not available at UE [2], eNB still can perform pseudo-eigen beamforming based on the long term channel properties.   With all this flexibility at eNB, it is natural to adopt the original Rel-8 beamforming feedback scheme but it has a drawback with this scheme:
· Inter-layer interference is not taken into account.  In reality, because of delay and all sorts of errors (e.g. channel estimation error, calibration error), acquiring perfect channel knowledge at eNB is not possible and hence perfect channel orthognalization cannot be achieved.  Because of that, downlink inter-layer interference is seen at UE and this interference experienced by UE is unknown to eNB.   This affects rank adaptation and CQI compensation at eNB because these operations are done without taking the inter-layer interference experienced by UE into account.
2.2 PMI/RI based CQI

Option 2 is to determine PMI and RI at UE and then calculate CQI based on the selected PMI/RI [1].   Beamforming gain is signaled from eNB to UE so that UE can perform rank adaptation.  Under cross-polarized antenna configuration at eNB, UE can determine a preferred co-phasing of the two polarized groups in terms of PMI.  Rel-8 2Tx codebook can be used.  With the CQI/PMI/RI feedback from UE, the eNB determines a set of beam forming weights which is used for both sets of co-polarized antennas and then combines the beamforming weights with reported PMI to form the overall beamformers for two layers if rank is 2.  The CQI calculation done by UE accounts for inter-layer interference for the selected PMI.    If eNB follows what UE recommends, correct link adaptation can be achieved.  However, this applies certain constraints to the beamforming weights:

· Limited choice is available in the codebook.   Because of this constraint, this may in fact increase the inter-layer interference experienced by UE although this interference is taken into account.  
· This also restricts the beamforming weights for the co-polarized antennas to be based on the long term channel properties.   Global eigen beamforming cannot be performed.  
If eNB doesn’t have any constraint on the selection of beamforming weights, CQI mismatch between UE and eNB will again happen.  Therefore, it doesn’t have the flexibility that TxD based CQI can offer.
2.3 TxD based and DMRS assisted CQI 

This option is similar to TxD based CQI.  The only difference is the impact of inter-layer interference on CQI is considered here.  This can be done by doing inter-layer interference estimation based on DMRS.  Assuming we have orthogonal DMRS for each layer, effective channel after beamforming on each layer can be estimated at UE.  Let say 
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 are the estimated channel column vectors seen at UE for layer 1 and layer 2 respectively.  We can construct the SINR of MMSE receiver assuming there is no inter-layer interference for layer i to be:
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where 
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 is estimated covariance of noise and inter-cell interference and i is 1 or 2.

We can estimate the SINR with inter-layer interference.  SINR for layer 1 can be calculated as:
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and SINR for layer 2 can be calculated as:
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The difference between equation (1) and equation (2) can be considered as the impact of inter-layer interference on the SINR for layer 1:
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Similarly, the difference between equation (1) and equation (3) can be considered as the impact of inter-layer interference on the SINR for layer 2:
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We can calculate the CQI backoff due to inter-layer interference by averaging 
[image: image9.wmf]1

CQI

D

 and 
[image: image10.wmf]2

CQI

D



[image: image11.wmf](

)

2

/

2

1

CQI

CQI

CQI

D

+

D

=

D

                                                               (6)
We can apply the CQI backoff  to 
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 which is the CQI obtained from transmission mode 7  and form the CQI with inter-layer interference taken into consideration, i.e.:


[image: image13.wmf]CQI

CQI

CQI

TXD

TXD

D

-

=

D

-

                                                                        (7)
We can also perform averaging on the past inter-layer interference to calculate the SINR:
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 is the inter-layer interference channel estimate obtained from DMRS at the time instant 
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.   Averaging is done on the covariance matrix of inter-layer interference in past period of time T.   If it is single layer transmission at time 
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 is 0.  If T=1, it takes only the most recent interference from DMRS.  Averaging can also be done over frequency domain.
In this scheme, we have three feedback options:

2.3.1 Feeding back one CQI, i.e.
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 can be fed back with the original feedback framework of transmission mode 7.  If we only take the latest available DMRS to calculate 
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.  When the rank of the latest transmission is one, 
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=0 and hence it becomes TxD based CQI.  When the rank of the latest transmission is two, 
[image: image23.wmf]CQI

D

is the estimated CQI backoff due to inter-layer interference.  Like the original TxD based method, the eNB performs rank adaptation and adjusts the reported CQI (
[image: image24.wmf]D

-

TXD

CQI

 in this case) based on the measured beamforming gain and channel knowledge obtained by channel reciprocity using SRS.   

2.3.2 Feeding back two CQIs, i.e. 
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Feeding back only
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 may affect the accuracy of rank adaptation and MCS selection if the rank of the current transmission is not equal to the previous transmission.  Therefore, the better way is to feedback both 
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.  The eNB can perform rank adaptation based on these two CQIs in additional to the channel knowledge.  Depending on the rank decision, eNB will use 
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 for rank=1 or 
[image: image31.wmf]D

-

TXD

CQI

 for rank=2 together with the beamforming gain to determine the MCS.   We can reuse feedback framework of transmission mode 3 which includes RI and CQI feedback without PMI.   UE feedbacks back RI to let eNB know the corresponding CQI is for single layer beamforming (i.e.
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) or for dual layer beamforming (i.e. 
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).  The eNB doesn’t need to follow reported RI to determine the rank.   RI in this case is just to tell the associated CQI is in which format.   One of the possibilities is to report 
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2.3.3 Feeding back 
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The final approach is to feedback 
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 at the same time.  It is similar with the approach of feedback back two CQIs.  The eNB will use 
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  to construct the two CQIs and thus we expect similar performance for this approach.  This will reduce feedback overhead as we can use less number of bits for 
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but this requires new feedback framework.  
One may argue that this approach is not reliable as DMRS is available only when the data traffic is there.  The bursty traffic will make it unreliable.  While this DRMS assisted CQI approach performs the best under the scenario with wideband full buffer transmission, it doesn’t hurt even if there is no DMRS since CQI calculation does not totally rely on DMRS.   If there is no DMRS or when the previous transmissions are all rank 1, it would just become the TxD based approach. Also, we can perform averaging on inter-layer interference.    This idea is similar to other link adaptation approach (e.g. OLLA, inter-cell interference estimation) which performs better when there is full buffer traffic.   For example, CQI is adjusted based on ACK/NACK which depends on received data bandwidth also.  The performance gain becomes less when there is bursty traffic but it is still better to have it rather than nothing.  Moreover, inter-layer interference mainly depends on errors introduced by delay and channel estimation error, etc.  It also depends on how eNB calculates the beamforming weights.  Through measurement from DMRS, UE can obtain the average level of inter-layer interference introduced associated with the eNB implementation.    
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 obtained from inter-layer interference measurement is less frequency/time selective.  

3 Simulation Results
System level simulations were performed to compare different CQI feedback options.  In these simulations, antenna switching capability was assumed at UE.  Wideband sounding without any calibration and power control errors was assumed.   Outer loop link adaptation was used to adjust CQI based on ACK/NACK.   Reporting period of CQI is 10ms.  For antenna switching case, one SRS is transmitted every 5ms and hence 10ms is needed to obtain the channel knowledge from the two layers.  All the other simulation assumptions are shown in Appendix.  
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Figure 1 System level simulation results with wideband feedback/scheduling
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Figure 2 System level simulation results with subband feedback/scheduling (5RB)
Figure 1 and 2 show the system level simulation results with wideband feedback and subband feedback respectively. From the simulation results, it can be observed that the best spectral efficiency can be achieved by feeding back both
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.    There are more than 5% and 10% gains respectively on average cell throughput and cell edge throughput over pure TxD based and PMI based approaches.     

PMI based CQI approach is only little better than pure TxD based CQI approach (i.e. feeding back 
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 only) in wideband case.  The problem of TxD based CQI approach is over-estimate of CQI for dual layer beamforming.  In subband case,  TxD based CQI approach has better results comparing with PMI based approach because of frequency selective beamformers.   In PMI case, subband PMI feedback is used but the long term information is wideband information.  So there is not much gain from wideband scheduling/feedback.  PMI based feedback introduces more feedback overhead for PMI/RI.  Hence we have the following preference on the CQI reporting schemes at UE:

Going from the strongest to the weakest preference:
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Note that we assume the antenna switching option is supported at UE.  If antenna switching is not supported, pseudo eigen-beamforming can be used [2] and we expect the similar trend still holds.
4 Conclusion

According to our simulation results and analysis, we propose the following:

1. Use DMRS to assist inter-layer interference estimation:

a. We can either use the feedback framework of transmission mode 3 and  feed back 
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b. use the feedback framework of transmission mode 7  and feed back  
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2. In MU-MIMO case, we can explore using DMRS to assist MU interference estimation with similar approach and feed back 
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would be calculated based on MU interference estimated from DMRS in the context of MU-MIMO.  However, this can be done only if an explicit MU bit is available.  This can be further studied for Rel-10 MU-MIMO.
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Appendix Simulation Assumptions

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Inter-site distance
	500m

	Load
	10 UE per sector

	Bandwidth
	10MHz

	Total BS TX power 
	46dBm 

	BS antenna gain plus cable loss
	14 dBi 

	UE antenna gain
	0 dBi

	Noise figure at UE
	9dB

	Distance-dependent path loss
	L=I+37.6log10(.R), R in kilometers, I=128.1 for 2GHz

	Minimum distance between UE and cell
	>= 35 meters

	Lognormal Shadowing with shadowing standard deviation
	8 dB 

	Penetration Loss  
	20dB

	Channel model
	SCM-E, Suburban Macro 

	UE speeds of interest
	3km/h

	Antenna Configuration
	8Tx dual polarized antenna array at eNB,  0.5λ separation on each polarization 
2Rx dual polarized antenna is used at UE

	Link adaptation
	OLLA based on ACK/NACK 

	HARQ
	Chase combining

	CQI/PMI reporting
	Wideband, 10ms period/6ms delay,
Subband, 5RB granularity, 10ms period/6ms delay

	Sounding configuration
	Wideband sounding from both antennas using antenna switching.

	Receiver
	MMSE

	Scheduler
	Wideband/Subband scheduling, proportional fair based on compensated CQI
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