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Introduction
FD-MIMO operation in TDD systems is very promising as the channel reciprocity can be exploited for downlink CSI acquisition. Potential enhancements that relate to the reciprocity based transmission schemes include non-codebook based CSI feedback enhancement and SRS enhancements. Based on the previous investigations and simulations, the followings were agreed at the RAN1 #80bis meeting [1] for CSI feedback without PMI for TDD and for SRS related enhancements:
Conclusions:
· The following enhancements related to non-codebook based CSI reporting for TDD can be considered:
· Two schemes of CSI feedback (including RI and CQI) without PMI 
· RI and CQI based on beamformed CSI-RS
· RI based on long term non-precoded CSI-RS.  CQI based on short term beamformed CSI-RS
· Capture the evaluation results under this category in the TR.
· Other enhancements are not precluded. 
Companies are encouraged to bring evaluation results for enhancements on CSI feedback without PMI for TDD until RAN1 #81 meeting.

Agreements:
· Capture the following contents in TR:
    Potential SRS enhancement schemes for capacity and channel estimation accuracy are considered
· Transmitting SRS on unused PUSCH DMRS resources
· Transmitting SRS on PUSCH resources 
· Increasing number of combs
· 4Tx SRS switching transmission
· Precoded SRS
· Increase the number of UpPTs SC-FDMA symbols for SRS

Conclusions:
· Companies are encouraged to bring additional/updated evaluation results for SRS enhancements until RAN1 #81 meeting
· Capture evaluation results with detailed description on the SRS enhancement schemes under the category of SRS enhancements in the TR.  How to capture is FFS.
· To capture it in TR, need to clarify detailed SRS enhancement schemes for above 4 results.


In this contribution, we further investigate TDD reciprocity based transmission for FD-MIMO, based on the agreed SRS impairment model. We update the numerical investigation of the potential benefit of improving the SRS capacity. In addition, we discuss other possible enhancements for elevation beamforming and FD-MIMO operations in TDD systems such as CQI report, etc.
Performance Evaluation of FD-MIMO in TDD Systems


We investigate the FD-MIMO performance in the HetNet scenario with separate frequency bands, which seems to be one promising TDD use case. As agreed at the RAN1#78bis meeting, the macro layer is only utilized for cell selection and the performance statistics is only obtained in the small cell layer.  In the simulation, we adopt the agreed SRS error model framework [2], with the parameter  obtained from a lookup table. The detailed derivation of the parameter  is given in Appendix B of our previous contribution [3]. The FTP traffic model is adopted for all evaluations. The performance is characterized by the mean, 5% and 50% user packet throughput (UPT).
In the previous contribution, i.e., [3], we have demonstrated the performance benefit of having a larger TXRU number by comparing the performance of TDD reciprocity based transmission schemes with the antenna array setting of (M, N, P, Q) = (4, 4, 2, 32) against that performance with the antenna array setting of (M, N, P, Q) = (4, 4, 2, 8). Then numerical simulation was made to show that it is beneficial to consider SRS enhancement in order to support the CSI acquisition in reciprocity based transmission schemes.
In this contribution, we update the evaluation and provide a complete set of evaluation results to show the benefit of SRS capacity enhancement. Based on the previous investigations, it was seen that the interference in the SRS transmission is a performance limitation factor. The SRS interference is strong due to the fact that there are not sufficient SRS resources and SRS transmission from different UEs in neighbouring cells reusing the same resource will cause large interference and result in degraded SRS based channel estimation quality. If SRS resources are increased, then there is less probability of SRS transmission in the same resource which can improve the channel estimation quality. To investigate this issue, we compare the system performance with baseline SRS capacity against the performance with the enhanced SRS capacity. In the baseline and the enhanced SRS cases, UEs are randomly assigned to 4 and 8 groups respectively for UL sounding. The SRS sent by the intra-cell UEs in the same group will interfere with each other. Accordingly, in the enhanced SRS case, there is a lower probability of inter-cell SRS interference as there will be less UEs in the same group, compared to that situation in the baseline case. The simulation results are listed in Table 1. Note that the arrival rate defined in Table 1 is the number of UEs that are connected to the small cell layer per macro sector area per second.
[bookmark: _Ref415750664][bookmark: _Ref415750653]Table 1: Comparison of system performance of FD-MIMO (4, 4, 2, 32) with different SRS capacities
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Based on the evaluation results in Table 1, we can make the following observation and proposal.
Observation: In reciprocity-based TDD systems, SRS capacity enhancement can improve the performance of FD-MIMO.
Proposal 1: Capture the baseline and enhanced SRS performance results in Table 1 in the TR.
As it has been identified that CSI-RS based CSI feedback may encounter problems, e.g., in terms of additional RS overhead, feedback overhead, and processing complexity. Therefore, it is very important to consider reciprocity based CSI acquisition scheme. So SRS enhancement becomes more important. Regarding the detailed SRS enhancement schemes, candidate schemes together with the pros and cons are summarized in Table 2. Note that there is also another need of SRS capacity enhancement which supports 4 TX SRS switching transmission, which is not least as a general SRS capacity enhancement scheme in Table 2.
[bookmark: _Ref415824057]Table 2: Candidate schemes for SRS enhancement
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Proposal 2: SRS capacity enhancement scheme should be considered with a study of  the performance benefit and the associated system impact.
Other Possible TDD Enhancement Requirements
In the legacy system, the CQI in a TDD system is derived based on the assumption of single antenna or TxD transmission, i.e., TM 1 or 2. It can be easily imagined that informed CQI is highly different from optimal one, since precoding gain is not considered for TM1/2-based CQI. For FD-MIMO, the gap is expected to be enlarged. One possible solution is to derive CQI assuming precoding gain. For instance, UE calculates RI, PMI, CQI as the procedure for TM 9 and informs RI and CQI only. This method may not be much accurate but requires less specification impact and helps to achieve better link adaptation. Another possibility is utilizing precoded CSI-RS. This scheme can be attractive in a TDD system as channel reciprocity can be exploited for designing the CSI-RS precoder, which can help to realize UE-specific CSI-RS and lead to better spatial resolution. The required RE for transmitting the precoded RS is no more proportional to the TXRU number, which leads to a reduction of the DL overhead. In order to support reciprocity based transmission, it may be beneficial to define CQI derivation based on precoded CSI-RS. 
[bookmark: _GoBack]Additionally, UE is usually equipped with one transmit antenna but two receive antennas. In this case, only partial reciprocity holds. That is, when the eNB estimates the channel from the UL SRS, it can only measures a rank-1 channel, since SRS can only be sent from the single UE transmit antenna. However, the two receive antennas at the UE indicate the capability of DL rank-2 transmission. If the precoding at the eNB only exploits the partial reciprocity based the rank-1 channel state information, it is unable to make efficient rank-2 transmission in DL. In this sense, additional feedback design is needed to support multi-layer transmission with partical reciprocity. Evaluation results shown in [4] demonstrate the performance gap between reciprocity based transmission with 1-Tx SRS and 2-Tx SRS.  As identified at the RAN1 #80bis meeting, there are two possible ways to resolve the rank adaptation issues, which the help of additional transmission of either beamformed CSI-RS or un-precoded CSI-RS so that the UE can correctly calculate the suitable RI and feed back to the eNB.
Summary
In this contribution, we investigate TDD reciprocity based transmission for FD-MIMO with SRS impairment.  Based on the performance evaluation, we make the following observations and proposals.
Observation: In reciprocity-based TDD systems, SRS capacity enhancement can improve the performance of FD-MIMO.
Proposal 1: Capture the baseline and enhanced SRS performance results in Table 1 in the TR.
Proposal 2: SRS capacity enhancement scheme should be considered with a study of  the performance benefit and the associated system impact.
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Appendix A
[bookmark: _Ref394499956]Table A: Evaluation Assumptions for Reciprocity Based Transmission Schemes in Heterogeneous Network Scenario
	Parameter
	Values

	
	Macro cell
(only for cell association)
	Small cell
(for performance evaluation)

	Carrier frequency 
	2 GHz 
	3.5 GHz 

	System bandwidth
	10 MHz (50 RBs) 
	10 MHz (50 RBs) 

	Macro ISD
	500 m

	eNB antenna configurations
	(M, N, P) = (8, 4, 2), MTXRU = 1, (dH, dV) = (0.5, 0.8), θetilt = 100 degs.
	(M, N, P) = (4, 4, 2), MTXRU = 1, (dH, dV) = (0.5 , 0.5 )

	UE antenna configurations
	2 X-pol (0 / 90 deg.)

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern A’(θ’,ф’) = 1

	Polarized Antenna modeling
	Model-2 from TR36.873

	Total BS Tx power
	46 dBm
	30 dBm

	Channel Model
	3D-UMa
	3D-UMi

	Handover margin
	3dB

	Number of clusters per macro cell
	1

	Number of small cells per cluster
	4

	UE distribution
	2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	UE speed
	3 km/h

	Radius of small cell center dropping in a eNB cluster (RC)
	50 m

	Radius of UE dropping in a UE cluster
	70 m

	Minimum distance (2D distance)
	Macro – small cell cluster center: 105 m

	
	Small cell area center – small cell area center: 40 m

	
	Small cell cluster center – small cell cluster center: 100 m

	
	Macro – UE: 35 m

	
	Small cell – UE: 10 m

	MIMO scheme
	TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation

	UE receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel. 12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel. 12 [71-12] assumptions

	Feedback scheme
	PUSCH Feedback mode 3-0

	CSI-RS transmission interval /
CSI feedback interval
	5 ms

	SRS transmission interval
	5 ms

	Number of UE transmit antennas
	2

	Traffic model
	FTP Model 1 with packet size 0.5 Mbytes

	Scheduler
	Proportional fairness based frequency selective scheduling 

	Control delay
	5 ms

	HARQ, Round trip delay
	Chase combining, 8 ms

	Metrics
	Mean, 5%, 50% UPT



- 1/5 -
oleObject1.bin

oleObject2.bin

image2.png
Asderl e Baseline Enhanced (2
(UE/scctorls) Performance metric SRS. times) SRS
Capacity Capacity
Mean 43.0(100%) | 43.1(100%)
9 (I\/Eli)tz/s) 5% 18.2 (100%) 18.9 (104%)
50% 48.2(100%) | 48.2(100%)
Resulting RU 21% 21%
Mean 30.7(100%) | 32.2(105%)
0 (I\/Eli)tz/s) 5% 8.9(100%) 10.5(118%)
50% 28.0(100%) | 29.1(104%)
Resulting RU 51% 48%
Mean 24.9(100%) | 26.9(108%)
- (I\/Eli)tz/s) 5% 5.5(100%) 7.6(138%)
50% 22.2(100%) | 24.2(109%)

Resulting RU

66%

61%





image3.png
Candidate Scheme

Pros

Cons

Transmitting SRS on unused PUSCH DMRS
resources

Transmitting SRS on PUSCH resources

Increase the number of UpPTs SC-FDMA
symbols for SRS

Remarkable SRS
capacity enhancement

Related signalling shall be defined.
High implementation complexity.

Additional overhead in uplink

Increasing number of combs

No additional resource
required

Shorter ZC sequence which causes
processing gain loss

Precoded SRS

Less SRS symbol
resources needed

Proper precoder design and related
siganlling shall be defined.
Introduction of additional constraints
on multi-layer transmission due to
partial channel reciprocity caused by
SRS precoding





image1.wmf



