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1. Introduction
In the study of Elevation Beamforming and Full Dimension MIMO, potential CSI-RS and feedback enhancements are categorized into the following five enhancements in the TR36.897[1]:
- Enhancements related to beamformed CSI-RS-based schemes

- Enhancements related to non-precoded CSI-RS-based schemes
- Enhancements related to schemes based on hybrid beamformed CSI-RS and non-precoded CSI-RS

- Enhancements related to non codebook based CSI reporting for TDD

- Enhancements related to SRS

Among these enhancements, the last two enhancements are particularly useful for enhancement schemes based on channel reciprocity.  In this paper, the importance of supporting these two enhancements in Rel-13 is discussed.   
2. EB/FD-MIMO operation based on channel reciprocity  
For TDD system, channel reciprocity via SRS is an important mean of obtaining channel information.    In the field, channel reciprocity based operation is used for TDD 3D-MIMO system with 64TXRUs under high rise scenario [2].    In the field trial, tremendous performance gain is obtained by using channel reciprocity based 3D-MIMO compared to traditional 2D-MIMO.   

For FDD system, channel reciprocity for partial channel information is considered to be feasible [3][4].  To support EB/FD-MIMO based on large number of TXRUs, overhead of CSI-RS is significant.  e.g. More than 12% of overhead is used for non-zero power CSI-RS if total number of CSI-RS ports is 64[5].  This level of overhead increase is applied to both beamformed CSI-RS based schemes and non-precoded CSI-RS schemes.  To reduce CSI-RS overhead, one of the methods is to use SRS to obtain partial channel information based on channel reciprocity via SRS.    

To support channel reciprocity based EB/FD-MIMO operation, the aspects of SRS enhancement and non-codebook based CSI reporting for TDD are considered in the following sections.

 2.1 SRS enhancements
For EB/FD-MIMO deployment, it is expected more users will be scheduled in a cell as more users can be multiplexed in spatial domain via spatial separation in both elevation and azimuth domains.  SRS would be used not only for UL channel state estimation but also for DL CSI estimation when channel reciprocity is applied.  To ensure performance gain in the real network, SRS is considered as an important enhancement area for EB/FD-MIMO.  SRS capacity and channel estimation accuracy are both critical.   
Under the category of enhancements related SRS in [1], the following schemes can be considered:
· Increasing the number of SRS combs
· Transmitting SRS on unused PUSCH DMRS resources
· Transmitting SRS on PUSCH resources 
· Increasing the number of UpPTs SC-FDMA symbols utilized for SRS transmission
· Precoded SRS
· 4Tx antenna switching for SRS transmission
The first five schemes are more related to increasing SRS capacity as these schemes increase the opportunities of transmitting more SRS.    The benefit of increasing SRS capacity is evaluated in the study item.  The evaluation results are summarized in Table 1.   Note that these evaluations assume increasing number of combs as the approach of achieving 2X SRS capacity.  It can be observed that significant gain (up to 38%) on 5% UPT is obtained under high load FTP traffic.    
Table 1:  Performance gain of SRS capacity enhancements[1]
	Source
	Scenario,     No. of TXRU
	SRS enhancement
	RU
	Arrival rate
	Gain on mean UPT or cell SE
	Gain on 5% UPT

	13 [12]
	Scenario 1 64TXRU
	2X SRS capacity
	0.63
	6
	+7%
	+24%

	13 [12]
	Scenario 1 64TXRU
	2X SRS capacity
	Full queue
	+2.6%
	+50%

	13 [12]
	Scenario 3 64TXRU
	2X SRS capacity
	Full queue
	+2%
	+24%

	3 [13]
	Scenario 4 32TXRU
	2X SRS capacity
	0.21
	9
	+0%
	+4%

	3 [13]
	Scenario 4 32TXRU
	2X SRS capacity
	0.48
	18
	+5%
	+18%

	3 [13]
	Scenario 4 32TXRU
	2X SRS capacity
	0.61
	22
	+8%
	+38%

	5 [14]
	Scenario 3 8TXRU
	2X SRS capacity
	0.79
	5
	+3.3%
	+15%

	5 [14]
	Scenario 3

32TXRU
	2X SRS capacity
	0.66
	6
	+3%
	+11%


For the scheme of 4Tx switching, it is more related to the SRS capability of obtaining full channel information via channel reciprocity for the UEs with 4RX capability.   Now that 4Rx at UE is discussing in RAN4, UE vendors may take 4Rx into account in the upcoming products for improving downlink performance.  However, it seems that 4Tx at UE will not be a mainstream configuration for near future due to the high complexity and cost. Thus, different TX/RX chain number at UE, e.g. 1TX/4Rx or 2TX/4Rx may be more typical configurations for the UEs with the 4Rx capability.  Unfortunately, under the current specification transmit antenna selection only allows two transmission antennas alternately  mapped to one port.  These UEs can only obtain partial downlink channel information based on channel reciprocity.   It is hard to perform higher rank transmission for these UEs.  Also, gains from beamforming and interference suppression can't be fully exploited by these 4Rx UEs.  

The performance gain of SRS capability enhancement is evaluated in the study item and the results are summarized in Table 2.  It can be observed that tremendous gain is obtained on both mean and 5% UPT.
Table 2:  Performance gain of SRS capability enhancement by 4Tx antenna switching [1]
	Source
	Scenario,     No. of TXRU
	SRS enhancement
	RU
	Arrival rate
	Gain on mean UPT or cell SE
	Gain on 5% UPT

	5 [14]
	Scenario 3 32TXRU
	4Tx switching
	0.43
	5
	+17%
	+33%

	8 [15]
	Scenario 1 64TXRU
	4Tx switching
	Full queue
	+19.4%
	+29.8%


2.2 Non-codebook based CSI reporting for TDD
In TDD system, MIMO operation relies on channel reciprocity.  In TM8 and TM9, UE feeds back CQI based on CRS assuming transmit diversity(TxD) scheme is applied when the UE is configured without RI/PMI reporting.  In TM10,  the channels are inferred from CSI-RS ports for TxD based CQI.  The performance much depends on the UL channel estimation accuracy and TxD based CQI.  However, TxD based CQI doesn't reflect actual transmission scheme.  It is difficult for the eNB to derive the accurate RI and CQI based on the channel reciprocity and TxD based CQI especially for EB/FD-MIMO since actual 3D beamforming gain and supported rank are more difficult for the eNB to estimate.  Therefore, it is necessary to enhance the non-codebook based CSI schemes. 
Under the category of enhancements related non-codebook based CSI reporting in [1], the following schemes can be considered:

· Beamformed CSI-RS based CQI/RI: Reporting CQI and/or RI derived from measuring beamformed CSI-RS.  Beamformed CSI-RS can be cell-specific or UE-specific.

· Hybrid CSI-RS based CQI and RI: Reporting RI derived from measuring non-precoded CSI-RS and CQI derived from measuring beamformed CSI-RS where non-precoded CSI-RS is transmitted at a lower rate than beamformed CSI-RS.
Table 3:  Performance gain of  non-codebook based CSI reporting for TDD [1]
	Source
	Scenario,     No. of TXRU
	TDD CSI enhancement
	RU
	Arrival rate
	Gain in mean UPT
	Gain in 5% UPT

	2 [9]
	Scenario 1 8TXRU
	Beamformed CSI-RS based CQI
	~0.50
	-
	+4%
	+7%

	2 [9]
	Scenario 1 8TXRU
	Beamformed CSI-RS based CQI and RI
	~0.50
	-
	+11%
	+18%

	5 [10]
	Scenario 3 8TXRU
	Beamformed CSI-RS based CQI and RI
	0.72
	5
	+8.5%
	+30%

	5 [10]
	Scenario 3 32TXRU
	Beamformed CSI-RS based CQI and RI
	0.77
	7
	+5.6%
	+23.2%

	5 [10]
	Scenario 3 8TXRU
	Hybrid CSI-RS based CQI and RI
	0.72
	5
	+8.5%
	+29%

	5 [11]
	Scenario 3 32TXRU
	Hybrid CSI-RS based CQI and RI
	0.77
	7
	+5.5%
	+21%

	13 [11]
	Scenario 3 64TXRU
	Hybrid CSI-RS based CQI and RI
	0.35
	3.3
	+45%
	-2%


The performance gain of non-codebook based CSI reporting is evaluated in the study item and the results are summarized in Table 3.  It can be observed that significant gain (up to +45%) is obtained by enhanced non-codebook based CSI reporting scheme.
3. Conclusion

This paper discusses the importance of supporting EB/FD-MIMO based on channel reciprocity.  Analysis is done on the categories of SRS enhancements and non-codebook based CSI reporting.   Significant gains obtained by enhancing SRS by increasing number of combs and 4Tx antenna switching are observed in the summarized results.  These schemes are simple extension from the existing schemes supported in the current standard.  Therefore, the standardization effort of SRS enhancements is expected to be low.   
In addition, it can be observed that significant gain is obtained by non-codebook based CSI reporting.  The non-codebook based CSI reporting scheme can be considered along with beamformed CSI-RS and hybrid CSI-RS schemes.  i.e. It is a special case of CSI reporting scheme based on beamformed CSI-RS and hybrid CSI-RS, potentially without feeding back PMI.   Therefore, the standardization effort is also considered to be low.  

Based on the analysis, we propose to specify enhancements related to SRS and non-codebook based CSI reporting in Rel-13 EB/FD-MIMO work item. 
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