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1. Introduction
If the UE is configured without PMI/RI reporting, channel reciprocity can be exploited to save the overhead of PMI reporting. The benefit of reducing overhead becomes more obvious when CoMP is employed. For non-PMI based transmission in Rel-8/9/10, CRS based TxD CQI is reported to provide information about signal power relative to interference level. For CoMP transmission without PMI/RI reporting, inter-TP channel reciprocity error is detrimental for TP selection, link adaptation, and precoding calculation, i.e. it has impact on performance of all CoMP transmission schemes. In this contribution, the impacts of inter-TP channel reciprocity error on CoMP transmission without PMI/RI reporting are discussed. CSI-RS based TxD CQI reporting for each TP (CSI-RS resource) in measurement set is helpful in resolving such problems. Methods to derive CSI-RS based TxD CQI and UE assumptions while deriving CQI are also discussed.
2. Inter-TP channel reciprocity error
For CoMP transmission without PMI/RI reporting, interference level and downlink received signal power of multiple TPs could be calculated at network side through CQI feedback and SRS measurement when uplink CSIs at those TPs are measured. However, the calculation is not always reliable due to inter-TP channel reciprocity error.
If antennas of multiple TPs are not jointly calibrated, the uplink and downlink channel are not reciprocal exactly. Antennas of a single TP can be assumed well calibrated by self-calibration mechanism, and the uplink channel and downlink channel are different up to a multiplicative constant common to all antennas of the TP. The difference has no impact on single cell transmission such as beamforming in Rel-8 and dual-layer beamforming in Rel-9. The multiplicative constant values are different among multiple TPs, i.e., the relative amplitude and phase is different between uplink channel and downlink channel from different TPs. The calculated interference level and downlink received signal power based on SRS measurement and a single CQI reporting would be respectively deviated from the actual interference level and downlink received power.

Inter-TP channel reciprocity error has impact on CoMP transmission without PMI/RI reporting in the following aspects:
· Link adaptation
CQI corresponding to actual downlink transmission should be recalculated at network based on reported CQI and SRS measurement. Inter-TP channel reciprocity error would cause erroneous calculation on interference level and signal power, and consequently inappropriate MCS which further degrades the performance.
In Scenario 1-3 or in Scenario 4 when CRS transmitted from one TP is used for CSI measurement, UE measures the real downlink channel between TPi and the UE as 
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. The network derives the channel via reciprocity:
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where 
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 is the derived downlink channel, and 
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 stands for the scalar complex channel reciprocity error (including amplitude and phase) between uplink and downlink of TPi. UE reports a single TP0 CQI assuming TxD (TxD CQI) transmission, 
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. When CQI with CoMP hypothesis of DPS/DPB (DPS/DPB CQI) for TPn in the measurement set is calculated from the single reported TxD CQI and derived downlink channel:
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where 
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 is the calculated CQI of DPS/DPB transmission from TPn, 
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  is the real CQI of DPS/DPB transmission from TPn, 
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 stands for the calculated interference, and 
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 is CQI calculation error because of different channel reciprocity error across TPs, and 
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 is precoding matrix at TPn computed from the derived downlink channel.  According to the derivation, in Scenario 1-3 and Scenario 4 when CRS is transmitted from a single TP, there is negative impact on calculated CQI due to amplitude of reciprocity error only.
In Scenario 4 when CRS is used for CSI measurement and CRS is SFN transmitted from multiple TPs, UE measures the real downlink SFN channel as 
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. UE reports a single SFN TxD CQI measured on CRS, 
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. Network derives downlink channel for each TP via channel reciprocity as
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where 
[image: image15.wmf]H
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 is the real downlink channel from TPi to UE. To utilize UE reported SFN TxD CQI, downlink SFN channel is calculated from derived downlink channel of each TP:
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DPS/DPB CQI for TPn in the measurement set is calculated from the reported SFN TxD CQI and derived downlink channel:
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where 
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 is the CQI calculation error because of different channel reciprocity error among TPs. In Scenario 4 when CRS is SFN transmitted from multiple TPs, there is also negative impact on calculated CQI due to both amplitude and phase of reciprocity error.
· TP selection
For all the CoMP schemes, the transmission point could be dynamically switched within cooperating set according to instantaneous channel quality. With the presence of inter-TP channel reciprocity error, CQI would be calculated erroneously as discussed above. As a result, an inappropriate point may be selected which degrades the performance.
· Precoding calculation
For CS/CB and JT, when multiple UEs are scheduled simultaneously on the same time-frequency resource within the cooperating set, precoding weight of each UE should be derived to suppress interference to co-scheduled UEs and guarantee performance of this UE. However, with inter-TP channel reciprocity amplitude error, the derived precoding weight is not able to suppress interference as expected. The performance is degraded due to the uncontrollable interference.
Since for all cases above, inter-TP channel reciprocity amplitude error calibration impacts CQI and performance, simulation and corresponding solutions focus on this point. Simulation results in Appendix show that inter-TP channel reciprocity error result in obvious performance loss of CoMP transmission. In the simulation, antennas of the same TP are assumed to be well calibrated. The scalar channel reciprocity error 
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 is modeled as log-normal distributed random variables, i.e., 
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. Because non-PMI DPS/DPB and single-TP transmission is not affected by reciprocity error in phase, channel reciprocity error in phase is not modeled. The error represents the amplitude difference between uplink and downlink of the ith TP, and they are independent between TPs. It can be seen from Figure 1 that reciprocity error of  
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 causes obvious loss of 10% cell edge gain and 4% cell average gain, and reciprocity error of 
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 causes even more significant loss of 24% cell edge gain and 7% cell average gain. The detailed data can be found in Table 1.
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Figure 1: Impact of inter-TP channel reciprocity error on CoMP performance
From above analysis, CQI reports with the same interference hypothesis for each TP within the measurement set are needed to correct the inter-TP channel reciprocity error. 
Proposal 1: A Rel-11 UE can be configured to report one or more non-PMI-based CQIs for each TP/CSI-RS resource in the measurement set.
3. CSI-RS based TxD CQI for each TP
In Rel-8, 9, and 10, CRS based TxD CQI is used for non-PMI feedback
In Scenario 4, there could be SFN transmission of CRS from multiple TPs, or it could be transmitted from one TP. In the former case (SFN transmission of CRS from multiple TPs), UE could not distinguish channel of different TPs by CRS measurement. Thus UE is not able to derive single TP CQI based on CRS measurement. In the latter case, only a single CQI of the TP transmitting CRS could be estimated. Therefore per-TP CQI based on CRS measurement is not feasible in Scenario 4.
In Scenario 1-3, CRS based CQI reporting is only defined for serving cell. According to the current definition, per-TP CRS based CQI for multiple TPs cannot be reported in Scenario 1-3 either. If UE is informed with cell ID and the number of antenna ports of TPs in the measurement set, UE could detect CRS of these TPs in Scenario 1-3, and per-TP CRS based CQI can be reported. Even though, CQI reporting accuracy of per-TP CRS based CQI in Scenario 1-3 is limited, since CRS transmission is not protected by muting.
To have per-TP CQI reported in Scenario 1-4, a Rel-11 UE can be configured to report CSI-RS based non-PMI CQI (CSI-RS for channel estimation) for multiple TPs. 
There are a number of options for the definition of CSI-RS based non-PMI CQI, e.g., CSI-RS based CQI assuming TxD and CSI-RS based CQI assuming precoding. CQI assuming precoding further includes the method of UE and network independently selecting precoding matrix (rank could be one or more than one) and the method of cyclic assignment of precoding matrix (rank=1). 
In the method of UE and network independently selecting precoding matrix, rank more than one may improve the performance for some CoMP schemes. However, the precoding matrix selection algorithm cannot be assumed as common between UE and network sides. The selected precoding matrices could not be guaranteed to be the same or highly coherent at both sides. 
As to the method of cyclic assignment of precoding matrix, in Rel-8, 9, or 10 it has never been used for non-PMI feedback,. The performance of CSI-RS based CQI assuming precoding is not identified and needs further study. 
CQI assuming TxD has been used for non-PMI feedback in TM7, 8, and 9. Inheriting the basic principle of this method, it is a natural extension to use CSI-RS based CQI assuming TxD according to CoMP scenarios’ requirement. From performance perspective, channel can be estimated through CSI-RS with association of muting and transmit diversity is assumed with diversity gain and doubled received power when the number of CSI-RS ports is 4. 
· Proposal 2: CRS cannot be used in measurements for non-PMI CQI feedback.
· Proposal 3: CSI-RS based CQI assuming TxD for configured CSI is preferred for non-PMI feedback.
If TxD CQI for each TP is reported, the inter-TP reciprocity amplitude error could be calibrated by using the reported CQI. Let us assume that measurement set of a UE includes n TP (
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). CSI-RS resource is configured for each TP. Through CSI-RS, UE measures downlink channels, 
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. TxD based CQI is calculated and feedback:
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where for convenience of discussion, quantization is omitted in expression. The network measures uplink channel 
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, where 
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 stands for channel reciprocity error between uplink and downlink of the ith TP. With per-CSI-RS-resource CQI feedback downlink channel at network could be calculated as:
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CQI is used to scale the estimated uplink channel while deriving downlink channel. From the equation, it is easy to see that power ratio of the calculated downlink channels between two TPs equals to the ratio of reported CQIs.
To see the validity of above algorithm, CoMP performance with and without calibration are also provided in Table 1 (DPS/DPB without calibration, DPS/DPB with calibration). It can be seen from Figure 2 that by using per-CSI-RS-resource CQI to correct the amplitude, the CoMP transmission performs almost the same as that with ideal channel reciprocity. That is, reporting TxD CQI for each TP in measurement set can provide necessary and sufficient information to solve the inter-TP channel reciprocity amplitude error problem.
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Figure 2: Validity of per-CSI-RS-resource CQI reporting
4. UE assumption of CSI-RS based TxD CQI
In Rel-8, 9, and 10, TxD transmission is defined on CRS ports, i.e. demodulation by CRS. Since there is nothing about CSI-RS ports in this transmission scheme, to clearly understand UE behavior of CQI assumption, it is necessary to build up the mapping. There would be two understandings: 

· Mapping between CSI-RS ports and CRS ports: it is referring to the mapping from CSI-RS ports to DMRS ports for UE configured with PMI/RI reporting in TM9, i.e. CSI-RS ports is mapped to the demodulation RS ports in the assumed transmission scheme.
· Mapping between CSI-RS ports and DMRS ports: there is no TxD defined based on DMRS demodulation and hence with this kind of mapping, a virtual transmit diversity scheme is needed.

From the first understanding, the already defined CRS based TxD transmission is used as UE assumption. Note CRS is still not used as real transmission and transmit diversity based on CRS demodulation is assumed as in CQI calculation only:
· For single CSI-RS antenna port: PDSCH signals on a single antenna port 0 for 1 layer would result in signals equivalent to corresponding symbols transmitted on antenna port 15, as give by:
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· For two CSI-RS antenna ports: PDSCH signals on two antenna ports {0, 1} for 2 layers  would results in signals equivalent to corresponding symbols transmitted on antenna ports {15, 16}, as given by:

[image: image32.wmf](

)

(

)

(

)

(

)

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ë

é

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

=

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ë

é

+

+

)

(

Im

)

(

Im

)

(

Re

)

(

Re

0

0

1

0

1

0

0

1

0

0

0

1

2

1

)

1

2

(

)

1

2

(

)

2

(

)

2

(

)

1

(

)

0

(

)

1

(

)

0

(

)

16

(

)

15

(

)

16

(

)

15

(

i

x

i

x

i

x

i

x

j

j

j

j

i

y

i

y

i

y

i

y

                                         (9)
· For four CSI-RS antenna ports: PDSCH signals on four antenna ports {0, 1, 2, 3} for 4 layers would results in signals equivalent to corresponding symbols transmitted on first four antenna ports {15, 16, 17, 18}, as given by:
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where 
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 is a vector of symbols from the layer mapping for TxD [1], and v is the number of layers. It should be noted that the CRS based TxD transmission is just an assumed PDSCH transmission scheme for CSI reference resource of CQI feedback. This TxD transmission needs not to be real happening for PDSCH transmission.
From the second understanding, a virtual TxD transmission based on DMRS ports for demodulation should be defined as UE CQI assumption.  It does not need any analysis on real PDSCH transmission, performance evaluation and testing case.  This understanding is quite aligned with other CQI assumptions in TM9, i.e. CSI-RS for channel estimation, DMRS for demodulation in real transmission and there is mapping of CSI-RS ports to DMRS ports for the purpose of deriving the CQI index. Even for the cases there is no CRS, e.g. MBSFN subframe, its understanding would not be any ambiguous. 
Furthermore, UE needs some similar mapping assumptions:
· For single CSI-RS antenna port: PDSCH signals on a single antenna port 7 for 1 layer would result in signals equivalent to corresponding symbols transmitted on antenna port 15, as give by:
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· For two CSI-RS antenna ports: PDSCH signals on two antenna ports {7, 8} for 2 layers  would results in signals equivalent to corresponding symbols transmitted on antenna ports {15, 16}, as given by:
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· For four CSI-RS antenna ports: PDSCH signals on four antenna ports {7, 8, 9, 10} for 4 layers would results in signals equivalent to corresponding symbols transmitted on first four antenna ports {15, 16, 17, 18}, as given by:
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· Note that since TxD transmission on 8 antenna ports does not show obvious performance gain over TxD transmission on 4 antenna ports, there is no evident benefit for CQI assumption of TxD on 8 antenna ports. Moreover TxD on 8 antenna ports is not defined in specifications. Thus UE configured with non-PMI feedback is not expected to configure 8 CSI-RS antenna ports.
Proposal 4: To derive CSI-RS based TxD CQI, the method of mapping from CSI-RS ports to CRS ports and the method of mapping CSI-RS ports to DMRS ports can be considered.
- Defining a virtual DMRS based TxD is preferred if mapping CSI-RS to DMRS method is accepted.
5. Conclusion

In this contribution, the issue of CQI definition for non-PMI feedback in CoMP is considered. By discussion on the problem of inter-TP channel reciprocity error, we propose:
Proposal 1: A Rel-11 UE can be configured to report one or more non-PMI-based CQIs for each TP/CSI-RS resource in the measurement set.
By comparing schemes of CRS based CQI and CSI-RS based CQI, we propose:
Proposal 2: CRS cannot be used in measurements for non-PMI CQI feedback.
Proposal 3: CSI-RS based CQI assuming TxD for configured CSI is preferred for non-PMI feedback.
Two methods to derive CSI-RS based CQI assuming TxD are discussed. According to the discussion:
Proposal 4: To derive CSI-RS based TxD CQI, the method of mapping from CSI-RS ports to CRS ports and the method of mapping CSI-RS ports to DMRS ports are both acceptable
- Defining a virtual DMRS based TxD is preferred when mapping CSI-RS to DMRS method is applied.
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7. Appendix
To investigate the effect of inter-TP channel reciprocity error on CoMP performance, and the performance of TxD based per-CSI-RS-resource CQI, we conducted system simulations. In the simulation, performance of DPS/DPB with ideal and non-ideal channel reciprocity are evaluated. In case of non-ideal channel reciprocity, performance of DPS/DPB with and without calibration is compared. Single TP CQI is reported if calibration is not carried out.  Channel reciprocity error 
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 is modeled as log-normal distributed random variable, i.e., 
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=4 and 6 respectively. Channel reciprocity error in phase is not modeled, as non-PMI DPS/DPB and single-TP transmission is not affected by reciprocity error in phase. According to the channel reciprocity error calibration algorithm given in equation (7), downlink channel at network is calculated as:
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Thus, the calibration result is independent of channel reciprocity amplitude error.
Table 1: DPS/DPB performance with different channel reciprocity conditions
	Transmission scheme
	Average cell spectrum efficiency (bps/Hz)
	Average gain
	5% cell-edge user spectrum efficiency (bps/Hz/user)
	Cell-edge gain

	SU-MIMO
	10.35
	0.00%
	0.0687
	0.00%

	DPS/DPB with ideal channel reciprocity
	11.46
	10.81%
	0.0855
	24.54%

	DPS/DPB with channel reciprocity error (
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or 
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), with  calibration
	11.27
	8.95%
	0.0844
	22.90%

	DPS/DPB with channel reciprocity error (
[image: image44.wmf]4
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s

), without calibration
	11.03
	6.62%
	0.0783
	14.07%

	DPS/DPB with channel reciprocity error (
[image: image45.wmf]6
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=

s

), without calibration 
	10.66
	3.04%
	0.0687
	0.12%


Table 2: Simulation assumption
	Parameter
	Assumption 

	Scenario
	Scenario 3

	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

	OLLA
	Used

	Channel model
	Macro to UE: ITU UMA

	
	RRH to UE: ITU UMI

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

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

	Number of UE antennas
	2

	Number of UE per macro area
	Config 4b: 30

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

	Receiver 
	MMSE option 1

	Propagation delay
	Modeled

	Timing error
	0 us

	Period of feedback
	10ms

	Link adaptation
	Non-ideal

	Scheduler
	Proportional fair in time and frequency

	Transmission scheme
	Rank adaptive SU-MIMO, DPS/DPB

	Measurement set threshold
	15 dB

	Max size of measurement set
	2

	Overhead
	TDD frame configuration 1, during one half frame: 1 MBSFN DL subframe, 1 non-MBSFN DL subframe, 1 special subframe.
- MBSFN DL subframe: 2 PDCCH symbols, 12 RE/RB DMRS.
- non-MBSFN DL subframe: 3 PDCCH symbols, 12 RE/RB DMRS, 2 CRS ports.
- special subframe: 11 DwPTS symbols, 2 PDCCH symbols, 12 RE/RB DMRS
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