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1. Introduction
Downlink high-order MIMO has been discussed in many contributions as an important technology evolution to increase downlink system capacity in LTE-A. Precoding technology based on UE feedback will still be an important technology as in LTE Rel-8 for downlink transmission. To obtain downlink CSI in eNB for robust precoding and scheduling, channel reciprocity has been applied for beamforming in LTE Rel-8 and further applied in Rel-9 for SU-MIMO as well as MU-MIMO. We believe that precoding and feedback based on channel reciprocity can also provide good performance in Rel-10.
In this paper, we provide some considerations on how to apply channel reciprocity in LTE-A to support single-cell as well as multi-cell transmission.
2. Channel reciprocity in LTE-A
Application of channel reciprocity in R-10
Similar to beamforming technology in LTE, channel reciprocity can be further exploited in downlink MIMO transmission in most scenarios of LTE-A in the form of channel correlation matrix or channel covariance matrix or channel eigenvectors. To further corroborate channel reciprocity in different scenarios in Rel-10, two types of CSI are considered: instantaneous/narrowband CSI and statistical CSI in time domain or frequency domain. 
In Rel-8 and Rel-9, it’s justified that instantaneous and narrowband channel reciprocity can be exploited in TDD system for downlink beamforming. For TDD system, the instantaneous channel reciprocity is still an effective way to get accurate CSI with small frequency granularity as long as implication of the non-ideal issues is not serious. Given that the eNB can achieve full channel information via uplink signals, we believe that DL MIMO enhancement of TDD system based on channel short term reciprocity will be attractive. Even when instantaneous reciprocity is not reliable, statistical CSI can also provide robust performance. For FDD system, statistical channel reciprocity is more feasible with the aid of frequency band transformation [1], with semi-static assumption of channel state for closely spaced antennas array. 
On one hand, for downlink transmission as long as statistical or short term reciprocity can be ensured, significant precoding gain over codebook based precoding feedback can be obtained. On the other hand, in case that channel reciprocity is hard to exploit directly, even with only portion of available uplink CSI, it is still usable combined with implicit feedback or explicit feedback. Some details can be found in section 3.2 and 3.3.
Non-ideal CSI consideration

As the same transmit antenna configurations are assumed in LTE-A as in LTE, there will not be additional antenna calibration error in eNB compared to the one in LTE. From statistical point of view, the correlation of channel is insensitive to sounding estimation error and small sounding delay. In another word, channel correlation matrix is robust enough to counteract some extent of non-ideal channel information error. 
Another issue of channel reciprocity is the number of transmit antennas in uplink. There are some scenarios that fewer transmitting antennas are available than receiving antennas in UE, and only partial CSI can be obtained from uplink SRS. To exploit channel reciprocity in these scenarios, reciprocal statistical CSI instead of instantaneous/narrowband CSI can be used upon the assumption that the statistical characteristic of partial CSI and full CSI is similar with closely spaced antennas array. Though there will be some performance loss due to only partial channel information available, comparable gain over codebook based precoding feedback will be still remained in most scenarios (see section 3.3). Furthermore, partial CSI is enough to support low-rank transmission which is the primary scenarios of downlink MIMO.
3. Reciprocity based downlink transmission
3.1. Downlink MIMO based on SRS
UE Scheduling
The primary user in each subband is selected according to frequency selective PF scheduling. In this case, both the channel quality and Qos of scheduled UEs can be considered and subband-based feedback of CQI will be necessary. If dynamic SU-MU switching and dynamic rank adaptation are allowed, capacity based criterion could be a common principle to decide whether to schedule multiplexing users and corresponding RI. 

First, the scheduler chooses the users group with the maximal multiplexing capacity as the alternative co-scheduled users group by polling. For example, assumed that only two users are co-scheduled and MRC receivers are used in UEs, the SINR of two multiplexed users with downlink channel correlation matrix R1 and R2, precoding matrix W1 and W2, modified CQI feedback 
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 are the information about downlink noise and interference fed back from UE1 and UE2. So the sum-capacity will be:
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In principle, different rank transmission of multiplexed users should be considered in MU-scheduling, and the RI configuration with the maximal capacity is chosen so as to optimize the user selection and rank determination. Similar capacity calculation is carried out corresponding to SU-MIMO case. The primary user will be configured in MU-MIMO transmission mode co-scheduled with the alternative co-scheduled users group if the MU-capacity is larger than the SU-capacity. Otherwise, SU-MIMO mode will be configured. The MCS can be selected based on the maximal SINR or capacity calculated above during scheduling.
If there is no enough information for accurate scheduling as above, for example, the channel correlation matrix is hard truly obtained from uplink, the scheduling can be operated in a simple way. The DOA and CQI feedback of users can be important reference for scheduling.
Precoding 
The precoding matrix for each user can be calculated based on CSI from SRS. For SU-MIMO mode, EVD based on channel correlation matrix from uplink can provide significant precoding gain. For MU-MIMO, MU interference nulling algorithm such as ZF/MMSE/BD/SLNR can be implemented based on channel eigenvectors or channel correlation matrix on each subband. For better support of dynamic switching between SU-MIMO and MU-MIMO, it’s reasonable for MU-MIMO to reuse the orthogonal DMRS in SU-MIMO transmission.
With CSI obtained from SRS, eNB allows for more flexible scheduling granularity as well as precoding granularity to provide more frequency selective gain over codebook based precoding feedback, which is limited to feedback granularity.
Feedback consideration
For the SRS based DL MIMO transmission, no PMI based feedback mechanisms in Rel-8 and Rel-9 can sufficiently provide necessary feedback information at least for lower rank scenarios. According to acquired channel information in eNB side, the eNB can determine suitable rank and MCS level. Considering the new application scenarios in LTE-A especially for high rank transmission, further improvement in feedback should also be considered.
3.2. Hybrid feedback with implicit or explicit feedback

In transmission scenarios with implicit PMI feedback or explicit channel feedback, channel reciprocity can also help to enhance performance or reduce feedback overhead. In this case, the requirement to channel reciprocity is not critical and even non-ideal or statistical reciprocity is enough.

PMI+SRS based transmission

If PMI feedback is configured, the performance of SU-MIMO and MU-MIMO with limited feedback can be effectively improved by hybrid precoding, that is, PMI combined with SRS [3]. Though short term PMI feedback matches the instantaneous channel better, much information is lost during the quantization process. As the lost information can be partly supplied by statistical channel information from SRS, the PMI feedback can be enhanced in eNB to operate more accurate precoding. For example, the precoding matrix can be obtained by
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CSI+SRS based transmission

Explicit channel feedback is proposed in [4] where downlink channel information is fed back to eNB for scheduling and precoding. Though explicit feedback can provide good performance, the considerable feedback overhead is hard to accept. As at least partial downlink channel information can be obtained from uplink SRS, the feedback overhead can be reduced significantly by only feeding back the information not available in uplink. If only some of the total antennas available for receiving are used for transmission at UEs, the channel information of unused physical transmit antennas can be fed back explicitly from uplink channel. Then the full CSI can be obtained in BS by:
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By hybrid feedback, both the limitation of channel reciprocity by uplink SRS resource and limitation of feedback overhead in explicit feedback can be eliminated.
3.3. Simulation results
We provide some simulation results here to study the performance of precoding and feedback based on channel reciprocity. In figures 1 – 8, SU-MIMO based on SRS and PMI+SRS are compared with SU-MIMO based on PMI feedback in different RI and antenna configuration. We can find that SRS based SU significantly outperforms PMI based SU in TDD system and slightly outperforms PMI based SU in FDD system. Corresponding system level MU-MIMO results can be found in [3].
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Figure 1: Performance of SRS based SU-MIMO              Figure 2: Performance of SRS based SU-MIMO

for TDD system(8x2, rank=1)                                         for FDD system(8x2, rank=1)
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Figure 3: Performance of SRS based SU-MIMO              Figure 4: Performance of SRS based SU-MIMO

for TDD system(8x2, rank=2)                                         for FDD system(8x2, rank=2)
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Figure 5: Performance of SRS based SU-MIMO              Figure 6: Performance of SRS based SU-MIMO

for TDD system(8x4, rank=3)                                         for FDD system(8x4, rank=3)
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Figure 7: Performance of SRS based SU-MIMO              Figure 8: Performance of SRS based SU-MIMO

for TDD system (8x4, rank=4)                                         for FDD system(8x4, rank=4)
4. Summary
In this contribution, some issues are discussed to support efficient downlink MIMO operation based on channel reciprocity in Rel-10. Both SRS based and hybrid feedback based downlink transmission schemes are presented as well as performance results. Based on the discussion and simulation results, we summarize hat:
· Short term reciprocity for TDD system and statistical reciprocity for FDD system can be justified, especially in high correlated antennas array.
· A unified feedback mechanism and dynamic transmit mode switching is possible based on channel reciprocity.
· SRS based MIMO can provide significant gain over codebook feedback based MIMO in TDD systems and at least comparable performance in FDD systems with enough SRS resource.
· Channel reciprocity can work robustly associating with implicit feedback or explicit feedback.
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6. Appendix-Simulation parameters
Table 1: Link level simulation parameters
	Parameter

	Assumption

	Antenna configuration
	8x2（ULA）

	Distance of UE antennae
	0.5 lambda

	Distance of eNB antennae
	0.5 lambda

	Bandwidth
	5M

	Channel estimation
	Perfect

	CQI estimation
	Perfect

	CSI from uplink
	Instantaneous CSI for TDD system with full CSI in uplink;
Statistical CSI in 2s for other scenarios

	Codebook for 8tx
	 CHT codebook in [5]

	Duplex scheme
	TDD and 
FDD with 100M frequency distance between uplink and downlink

	Channel model
	SCM-UrbanMacro

	MCS 
	Refer to 36.213

	Channel code
	Turbo code

	HARQ&AMC
	Yes

	Carrier frequency
	2.0 GHz

	Receiver 
	MMSE

	User number
	2

	Scheduled resource block
	6 RB

	Precoding granularity 
	1RB for SRS based feedback in TDD system with full uplink CSI; 
6RBs for other scenarios

	Pilot overhead 
	CDM based 2 ports DMRS and 4 ports CRS

	PDCCH overhead
	2 OFDM symbols

	UE mobile speed
	3km/h
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