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1 Introduction
Since Rel-14, no SI or WI dedicated to MIMO enhancement was approved for LTE. However, some requirements were identified from LTE network deployments, such as expecting further improved throughput gain for data traffic and better coverage for control channel when massive antenna are deployed. In order to satisfy these requirements, DL MIMO efficiency enhancements in LTE Rel-16 would be necessary.       
In this contribution, we provide our view on the features that should be considered in Rel-16 WI.
2 Discussion
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, 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, some CSI overhead reduction schemes can be considered in companioning with CSI resolution enhancement. For instance, the combining coefficients in frequency-domain can be compressed due to correlation between subbands.
ZP CSI-RS was defined as the 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 4
·  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.)
Dynamic TM switch:
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 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 TM switch 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 TM switching can bring up to 10% cell average performance gain over static TM9. Hence we propose to specify dynamic TM switching mechanism and associated DCI signalling and CSI reporting.

Proposal 2: Specify transmission mode (TM) dynamic switching (e.g., between TM3/4 and TM8/9/10)

· DCI signalling 

· CSI reporting for TM dynamic switching
Beamforming for control channel:

In Rel-14, up to 32 CSI-RS ports and associated CSI/advanced CSI reporting are specified. PDSCH transmission can benefits from large beamforming gain. It is well known that common control channels, i.e. PBCH/PSS/SSS/PDCCH, are usually weight with broadcast beamformer, which has cell-width coverage. With the increasing number of antenna ports, the beam for data channel becomes narrower. So the beamforming gain for PDSCH will be much larger than common control channel. The coverage of control channel becomes the bottle neck in the network when a large number of antenna ports are equipped. Based on the discussion above, we propose

Proposal 3: Specify beamforming for common control channel 

· Beamforming for PBCH/PSS/SSS/PDCCH

· Beam based access and management mechanism

SRS enhancement:

In LTE Rel-13, SRS capacity was enhanced through introducing additional two OFDM symbols for SRS in UpPTS subframe as well as Comb4 and 12 cyclic shifts. However, the SRS capacity is still sufficient. It is because UEs equipped with multiple antennas is becoming popular, each UE may consume doubled for quadrupled SRS resource compared with one-antenna UE. Moreover, in current specification SRS transmission for one antenna port only span one OFDM symbol for one transmission instance. Hence the SRS coverage is limited. It is then difficult for cell edge UEs to utilize beamforming gain. Hence the enhancement on coverage and capacity for SRS is very essential at this stage. 
For some specific devices, e.g., CPE and relay, 8 or more receive antennas are possible. However, with only one transmit antenna it cannot benefit from the channel reciprocity due to the unavailability of full channel state information. Therefore, support of 8TX SRS antenna switching is needed.

In addition, the current SRS transmission is configured by high layer which cannot be adaptive to the dynamic traffic characteristics. For large size packet transmission, short SRS configuration period is preferred. While for regular heart-beat or small packet transmission, long SRS configuration period should be used. Another issue is that SRS transmit power is tied with PUSCH power, thus for small packet transmission and downlink dominant traffic scenarios, SRS close loop power control cannot be rapidly converged. Therefore, dynamic SRS configuration (e.g., period, SRS subframe offset, number of SRS configurations, etc.) to adapt fast traffic variation and enhanced SRS power control should be supported. 
The last but not the least, SRS resource is allocated by individual cell without inter-cell coordination, which might cause significant inter-cell SRS interference especially when the same hopping pattern is used. The interference will degrade the quality of SRS reception, which in turn leads to poor DL performance. Thus interference management to mitigate SRS collision should be supported. 
Based on the analysis above, we propose
Proposal 4: Specify SRS enhancement, including
· SRS capacity and coverage enhancement
· Eight TX SRS antenna switching
· Dynamic SRS configuration

· SRS power control separated from that of PUSCH
· Interference management to mitigate SRS collision
3 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 4
·  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: Specify transmission mode (TM) dynamic switching (e.g., between TM3/4 and TM8/9/10)

· DCI signalling 

· CSI reporting for TM dynamic switching
Proposal 3: Specify beamforming for common control channel 

· Beamforming for PBCH/PSS/SSS/PDCCH

· Beam based access and management mechanism

Proposal 4: Specify SRS enhancement, including

· SRS capacity and coverage enhancement

· Eight TX SRS antenna switching
· Dynamic SRS configuration

· SRS power control separated from that of PUSCH
· Interference management to mitigate SRS collision
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