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Introduction
It was LTE Rel-14 that the last SI/WI was the approved to particularly enhance MIMO performance for LTE. Improving system spectrum efficiency is always desired, taking into account the rare limited spectrum bandwidth and existing sites of LTE.
In this contribution, we provide our view on the features that should be considered in Rel-16 WI.
Discussion
The merit of MIMO related technologies is to effectively improve network performance without additional spectrum bandwidth and densifying sites. In real network, more and more LTE networks are updating from 2Tx to 4Tx or even higher to fulfil the request of high data rate service. Having maximal MIMO performance would benefit operators from maximizing profit perspective. According to our evaluation, even using Rel-14 advanced CSI there is still big gap, e.g., more than 50% for 32 antenna ports, to the upper bound performance, i.e., having explicit eigenvectors available on eNB. Hence we see motivations and can clearly identify mature technologies that substantially improve MIMO performance. Considering also that there was no MIMO enhancement in LTE in Rel-15, skipping two releases would be unfortunate, especially taking into account that MIMO is anticipated as the pillar of current and future LTE system.
Considering MU-MIMO would be key use case in the future networks, we propose to specify the following technologies for LTE Rel-16.  
CSI enhancement:
Advanced CSI specified in Rel-14 has laid a good foundation for high resolution CSI feedback. However the CSI resolution is still quite low due to the wideband amplitude reporting and QPSK co-phasing. In NR phase I, type II codebook was specified based on LTE advanced CSI codebook but with some enhancements. The enchantments include introducing subband amplitudes, more quantization bits for phase, and involving more beams for linear combination. Evaluation results show significant gain with these enhancements over LTE Rel-14 codebook. Hence, introducing these enchantments in LTE Rel-16 would be necessary from the performance perspective. Moreover, applying advanced CSI to beamformed CSI-RS is another left over of Rel-14. Explicitly reporting channel covariance can facilitate beamformer generation regardless of ZF or SNLR based precoding algorithm. Since framework of advanced CSI was already in Rel-14, CSI resolution enhancements in Rel-16 would be simple from standardization effort perspective.
The main concern for CSI resolution enhancement is the CSI overhead. However, on one side in FDD system uplink resource is not fully utilized due to the asymmetric service. It should not be an essential issue to employ a little bit more resource to report advanced CSI. On the other hand, we observed that advanced CSI reported per subbabnd can be further compressed since the CSIs of neighbour subbands are usually highly correlated. Some CSI overhead reduction schemes can be considered together with CSI resolution enhancement. For instance, the combining coefficients in frequency-domain can be transformed into time domain, and then limited number of time domain samples are selected and reported.
In addition, ZP CSI-RS was defined as a resource for interference measurement. Thus, the inter-cell interference can be measured. With the increasing number of UEs in the network, MU-MIMO is becoming the important way to improve cell average spectrum efficiency. Hence MU interference should be taken into account. In LTE Rel-14, interference measurement enhancement has attracted a lot of attention and been extensively discussed. A conclusion was achieved in Rel-14 as listed below
Conclusions:
Companies that have provided simulation results have shown benefits from a variety of interference measurement enhancements; no consensus on the size of the benefits of interference measurement enhancements, or on which enhancements might be worth considering further.
In NR phase I, NZP CSI-RS based interference measurements are specified. Due to precisely capturing MU and inter-cell interference, link adaptation performance is significantly improved. Simulation results show about 20% gain of cell average UPT over legacy ZP CSI-RS based interference.
Based on the discussion above, there is the following proposal 
Proposal 1: Support CSI enhancement in LTE Rel-16, including
· Extend the framework of Rel-14 advanced CSI codebook, including
· Extending the reporting of amplitude of W1 from wideband to sub-band
· Extending the co-phasing set of W2 from QPSK to 8PSK
· Extending the number of beams for combination from 2 to maximal 8
· Extending advanced CSI to beamformed CSI-RS
· Specify feedback compression scheme(s), including joint spatial and frequency-domain compression that facilitates channel reconstruction
· Specify interference measurement enhancement (e.g., based on NZP CSI-RS, Aperiodic CSI-IM.)

Dynamic switching between CRS and DMRS based transmission schemes:
TM3/4 is defined for open-loop and closed-loop transmission respectively in Rel-8, where the demodulation of associated PDSCH is based on CRS. DMRS based transmission scheme in TM9/10 is defined in Rel-10/11. It is well known that TM9/10 can benefit from beamforming gain and MU transmission. However, due to the DMRS overhead, TM9/10 is not always better than TM3/4, especially when network fails to pair users for MU. To better adapt to different user scenarios, dynamic switching between CRS and DMRS based transmission schemes is needed. Currently, TM switch is indicated by RRC signalling which leads to relative large delay and may fail to function especially for burst traffic with small package. In our evaluation, dynamic switching transmissions schemes can bring up to 10% cell average performance gain over static TM9. Hence we propose to specify the mechanism enabling dynamic switching transmission schemes, as well as associated DCI signalling and CSI reporting.

Proposal 2: Support dynamic switching between CRS and DMRS based transmission schemes (e.g., CRS based spatial multiplexing in TM3/4 and TM8/9/10). Enhancements include
· DCI signalling
· CSI reporting mechanism to support CRS and CSI-RS based measurement and reporting

Beamforming for control channel:
[bookmark: _GoBack]In Rel-14, up to 32 CSI-RS ports and associated CSI/advanced CSI reporting are specified. One of the advantage of adopting massive MIMO is being able to support more UEs with spatial multiplexing. However, the original design of PDCCH did not take into account of supporting such large number of simultaneous UEs. The PDCCH capacity is quite challenging in this case. Particularly for UEs in low SNR area, PDCCH with large CCE aggregation level has to be assigned to guarantee the PDCCH decoding performance. EPDCCH may solve this issue to boost control channel coverage and capacity. However, EPDCCH is not well deployed in real networks due to some introduced issues, such as more constraint on decoding timing. To address this issue, we propose to specify the mechanism of supporting UE specific beamforming for PDCCH. With such enhancement, PDCCH can use small number of CCEs, but achieves equivalent decoding performance as large CCE aggregation level, even for cell edge UEs. Thus the burden on PDCCH capacity can be significantly released.
Based on the discussion above, we propose
Proposal 3: Specify mechanism to support control channel beamforming


Conclusion
This contribution provided an analysis of the potential working items for FD-MIMO further enhancement, and made the following proposals for LTE Rel-16 WI 
Proposal 1: Support CSI enhancement in LTE Rel-16, including
· Extend the framework of Rel-14 advanced CSI codebook, including
· Extending the reporting of amplitude of W1 from wideband to sub-band
· Extending the co-phasing set of W2 from QPSK to 8PSK
· Extending the number of beams for combination from 2 to maximal 8
· Extending advanced CSI to beamformed CSI-RS
· Specify feedback compression scheme(s), including frequency-domain compression that facilitates channel reconstruction
· Specify Interference measurement enhancement (e.g., based on NZP CSI-RS, Aperiodic CSI-IM.)
Proposal 2: Support dynamic switching between CRS and DMRS based transmission schemes (e.g., CRS based spatial multiplexing in TM3/4 and TM8/9/10). Enhancements include
· DCI signalling 
· CSI reporting mechanism to support CRS and CSI-RS based measurement and reporting

Proposal 3: Specify mechanism to support control channel beamforming
