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In 3GPP RAN1#80, the following agreement was made regarding the following high-level categories for potential CSI-RS and feedback enhancements which will be captured in the TR [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
In addition, the following conclusion was captured in [1] regarding [2]: 
Companies are encouraged to consider R1-150829 for evaluation of potential TDD enhancements
· Potential TDD enhancements for EBF/FD-MIMO:
· SRS enhancements
· Increase number of combs
· Extend SRS to more resources (e.g. DMRS or PUSCH resources)
· Precoded SRS
· 4Tx antenna switching
· CSI feedback without PMI
· CQI based on beamformed CSI-RS
· RI feedback
· Other enhancements are not precluded. 
In this contribution, we present our view on the above last two (in boldface) categories of specification-based enhancements pertinent for Rel.13 FD-MIMO. 

Enhancements related to non-codebook based CSI reporting
In Rel.12 specification, non-codebook-based TDD beamforming can be done through transmission modes (TMs) 7 to 10 when a UE is configured without PMI/RI reporting by a serving eNB. For such a configuration, the following CSI reporting modes apply (TS36.213 sections 7.2.1 and 7.2.2):
· P-CSI: modes 1-0 and 2-0, conditioned upon transmission rank 1 
· A-CSI: modes 2-0 and 3-0, conditioned upon transmission rank 1 
Essentially, this CQI feedback is intended to provide an estimate of SINR scaling (which can be derived from a recommended spectral efficiency). This SINR scaling is needed since UL and DL interference profiles are asymmetric. Therefore, although the eNB is able to estimate the short-term DL channel via SRS by exploiting DL-UL reciprocity, it is unable to obtain an estimate of the SINR scaling (which contains an estimate of interference power spectral density) without any feedback from the UE. Based on the current specification, the eNB can process this CQI feedback to obtain an estimate of SINR assuming transmission rank 1 and Tx diversity operation. 
For an eNB with 2- or 4-antenna ports (associated with 2 or 4 TXRUs), the SINR associated with Tx diversity can be reasonably translated to that associated with rank-1 eigen-beamforming. This is because the SNR gap between Tx diversity and eigen-beamforming, assuming 1 receive antennas at the UE, is  dB where is the number of transmit antenna ports at the eNB. With larger number of TXRUs, however, assuming a 2- or 4-port SINR associated with Tx diversity seems to be insufficient as the SNR gap between Tx diversity and eigen-beamforming is more unpredictable. Therefore, it is likely that eNB implementation-based solution is insufficient in the case for FD-MIMO (see our companion contribution [5] for more discussion). 
To alleviate this problem, there are at least two alternative specification-based solutions:
· Alt1. Utilize beamformed CSI-RS to reduce the number of CSI-RS ports to 1 or 2 (or even 4) and reuse Rel.12 CSI reporting modes (including those configured PMI and/or RI)
· Alt2. Introduce a new CQI definition for TDD beamforming which allows more accurate SINR prediction for any given number of transmit antenna (especially CSI-RS) ports
Alt1 does not require any additional specification other than beamformed CSI-RS which is also applicable for FDD. Furthermore, a serving eNB can transmit UE-specific beamformed CSI-RS to a UE to obtain CQI feedback associated with an eNB-chosen precoding vector. In addition, when a dual-port beamformed CSI-RS is utilized for dual-polarized antenna array, the Rel-8 2-Tx CQI/PMI/RI feedback can be utilized for CSI computation associated with TDD. This is similar to a use case for hybrid CSI-RS (see our companion contribution [4] for further details). 
In regard of adding RI feedback to support TDD beamforming, the restriction of “transmission rank 1” in CQI calculation for all the applicable CSI reporting modes can be relaxed. This is beneficial for an eNB in choosing a DL transmission rank for UEs with one transmit antenna port. 
Alt2 offers maximum flexibility since a new CQI definition which accommodates more than 4 antenna ports allows the use of non-precoded CSI-RS for TDD beamforming. 
Overall, Alt1 and Alt2 are not mutually exclusive and can be used together to offer flexibility for non-codebook-based CSI reporting for TDD.
Proposal: To address CSI prediction issue at eNB for non-codebook-based CSI reporting: 
· Utilize UE-specific beamformed CSI-RS to reduce the number of CSI-RS ports to 1, 2, or 4 in conjunction with Rel.12 CSI reporting modes (including those configured with PMI and/or RI)
· Introduction of a new CQI definition for TDD beamforming is also possible to support larger number of (non-precoded) CSI-RS ports. 
· Exact definition is FFS.

Enhancements related to SRS
It is argued, for instance in [2] and [3], that SRS capacity enhancement is needed for Rel.13 FD-MIMO. Several alternatives are also given. In this contribution, we will only discuss the alternatives given in [3] since they are sufficiently described in the contribution along with another alternative:
· Alt1. Reuse unused DMRS for sounding by scheduling DMRS in PUSCH: While this is a viable way to increase SRS resources and hence multiplexing capacity, it requires an UL grant to “trigger” DMRS. The existing DCI formats such as format 0 and 4 can be used this purpose but may be excessive in terms of PDCCH overhead. A more streamlined DCI format specifically for this purpose may be more suitable if this solution is to be pursued.
· Alt2. Utilize more than one SC-FDMA symbols in a subframe for SRS: While this solution increases SRS resources and hence multiplexing capacity, it introduces a new subframe structure which cannot coexist with legacy UEs without introducing any severe scheduling restriction.
· Alt3. New SRS sequence design for Rel.13 UEs: It is unclear whether new sequence designs can increase SRS multiplexing capacity better than ZC sequences without sacrificing orthogonality across SRS resources (which is important to ensure reliable sounding). In addition, new SRS sequences introduces a coexistence issue with legacy UEs.
· Alt4. Increase the number of combs by reducing frequency-domain density from every 2 REs to 4 or 8 REs: This solution increases SRS multiplexing capacity at the expense of sounding reliability as the total peak SRS power is reduced by 3 or 6dB. This drawback is present only for power-limited UEs. Yet another drawback is its susceptibility to frequency selectivity of the channel (especially for 8-RE spacing). 
Although there are several alternatives for increasing SRS multiplexing capacity, its motivation needs to be clarified especially when it is at the expense of sounding reliability. In fact, sounding reliability seems to be a more crucial issue for reliable TDD MU-MIMO precoding. MU-MIMO precoding schemes (such as ZF or SLNR) are derived based on a large number of SRS channel estimates. Therefore, the resulting MU SINR (hence system throughput) tends to degrade as individual channel estimation errors are compounded and the number of TXRUs increases. 

Conclusion
In this contribution, we have presented our view on TDD enhancements. To address CSI prediction issue at eNB for non-codebook-based CSI reporting, our proposal is as follows:
· Utilize UE-specific beamformed CSI-RS to reduce the number of CSI-RS ports to 1, 2, or 4 in conjunction with Rel.12 CSI reporting modes (including those configured with PMI and/or RI)
· Introduction of a new CQI definition for TDD beamforming is also possible to support larger number of (non-precoded) CSI-RS ports. 
· Exact definition is FFS.
[bookmark: _GoBack]In addition, the following observation is made:
· Motivation of SRS capacity enhancement in the context of Rel.13 FD-MIMO needs to be clarified. Further study is needed. 

References
[bookmark: _Ref224115257][bookmark: _Ref416209346][bookmark: _Ref416189904][bookmark: _Ref416188248]3GPP TSG RAN1#80, Chairman Notes
[bookmark: _Ref416209336]R1-150829, ZTE et.al., “WF on TDD enhancements for EBF/FD-MIMO” 3GPP TSG RAN1#80
[bookmark: _Ref416224200]R1-150056, Huawei, “Discussion on SRS enhancements for EBF/FD-MIMO” 3GPP TSG RAN1#80
R1-151640, Samsung, “Discussion on enhancements related to hybrid CSI-RS” 3GPP TSG RAN1#80bis 
[bookmark: _Ref416437166]R1-151645, Samsung, “Discussion on CQI for TDD FD-MIMO” 3GPP TSG RAN1#80bis




3

