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1 [bookmark: _Ref409106980]Introduction
[bookmark: _Ref384735847][bookmark: _Ref430949599]In 3GPP RAN #71 meeting, study on New Radio Access Technology [1] was agreed. One of the key objectives of SID is to study the different multi-antenna schemes. With the evolution towards 5G, bandwidth demand from users and applications are expected to increase exponentially. The situation is exacerbated by the spectrum crunch that state-of-the-art cellular networks face especially in < 6 GHz bands. Though the move towards mmWave network might relieve some of the spectrum shortage concerns, it cannot be relied upon as a single standalone network. The need of the hour is a technique that could employ efficient reuse of existing spectrum, resulting in increased spectral efficiency. Ultra-dense networks (UDN) – a very well-studied reuse technique is already reaching saturation and there is only a limit till which a network could be densified. Massive MIMO based systems intend to address the reuse through spatial division. With the number of antennas being on the order of hundred, the pilot feedback for efficient beamforming is huge, that defeats the purpose of reuse in the first place. To this end, we propose to study In-band full duplex (IBFD) communication as an enabler for channel state information at transmitter (CSIT) by applying reciprocity principle. Furthermore, we propose to study of hybrid beamforming, semi-open loop schemes for high Doppler UEs and scheduled CSI-RS.
2 In-Band Full Duplexing – CSIT enabler for massive MIMO
For the network application part, IBFD finds use in resolving various issues such as easing channel feedback by employing channel reciprocity, solving the adjacent channel interference problems between neighbouring nodes, maintaining simultaneous multiple connections for network nodes, etc.
Specifically, for the massive MIMO use-case, the system has been well studied and appears to perfectly complement the deployment of massive MIMO systems. Further in massive MIMO with IBFD-enabled base-station can use channel reciprocity to achieve good channel state information (CSI) at the base-station [2]. It helps in efficient beamforming by the base-station in the downlink even while eliminating the huge channel feedback in the uplink, and hence can be used for more data transmission in the uplink. Alternatively, CSI feedback itself could be transmitted. Moreover, the uplink control information can be transmitted through this channel. Furthermore, IBFD can reduce the latency, and also helps power consumption at the user terminal This thereby results in a spectral efficiency increase of the system.
For IBFD standardization activities, we propose to study frame structure for IBFD network with IBFD-enabled base-stations along with legacy and/or IBFD-enabled UEs. Like specific frame structures for TDD and FDD networks, there is a need to study frame structure for FD (full-duplexed) networks.
Proposal 1: Proposing in-band full duplex communication (IBFD) in conjunction with massive MIMO systems to derive the CSIT.
3 Hybrid beamforming
In massive MIMO system, the use of many radio frequency (RF) and analog-to-digital converter (ADC) chains is expensive. To minimize the number of RF chains, analog or RF beamforming is used as a practical solution. However, this type of beamforming can be used only in time division multiplexing (TDM) fashion, and hence it limits to the use of subband level beamforming. On the other hand, digital beamforming is done at the baseband and it will give full potential array gain. But this operation demands high complexity in terms of number of RF chains and channel state feedback (CSI) overheads.
Observation 1: Digital beamforming is an expensive operation with large number of antennas.
Hybrid beamforming is a combination of analog and digital beamforming, and it considers as a middle ground in terms of performance and complexity. The sharp beams formed with analog beamforming (phase shifters) compensate for the large path loss at mmWave bands, and digital beamforming provides the necessary flexibility to perform advanced multi-antenna techniques such as MU-MIMO. 
Observation 3: Hybrid beamforming is a possible solution for massive MIMO
4 Use of semi-open loop schemes
Closed loop transmission schemes requires high UE complexity and high feedback overhead, it is useful to increase the performance for the low or fixed UEs. However, the UEs with high speed, the PMI and the corresponding CQI fed back at a given subframe will not be valid after few subframes and hence needed more aggressive feedback updates. The CQI mismatch can lead to more transport block errors and hence higher number of HARQ retransmissions, resulting in reduced average cell throughput due to increase of CQI offset in the outer-loop link adaptation. Hence the eNB needs to reduce the dependency of the stale precoder and it’s not worth for frequent feedback reporting, high overhead and considering UE complexity. To get the average and robust performance in the high Doppler scenario, we need open/semi open loop schemes for massive MIMO. We studied the semi-open loop scheme with the partial PMI feedback and precoder cycling over the resource blocks in [3]. The results show that the performance of semi-open loop is more robust compared to closed loop with reduced feedback overhead. Additionally, the partial PMI feedback can be used for control information delivery as well especially in mmWave bands to compensate the additional path loss.  
Proposal 2: Proposing robust semi-open loop scheme with partial PMI feedback and precoder cycling over the resource blocks.
5 Scheduled CSI-RS
The current CSI-RS structure is periodic and wideband result in high reference signal overheads especially in massive MIMO where the requirements of CSI-RS is more for beam acquisition and less for beam tracking purpose. Wideband CSI-RS may not be needed for beam tracking purpose. Scheduled CSI-RS with explicit feedback can be an enabler for massive MIMO and CoMP schemes. It has the potential to reduce the reference signal overheads, feedback overheads etc. Hence, we proposed to study flexible scheduled CSI-RS transmission.
Proposal 3: Proposing to study flexible scheduled CSI-RS to decrease the reference signal and feedback overheads.
6 Conclusions
Base on the discussions above, we have the following proposals.
Proposal 1: Proposing in-band full duplex communication (IBFD) in conjunction with massive MIMO systems to derive the CSIT.
Proposal 2: Proposing robust semi-open loop scheme with partial PMI feedback and precoder cycling over the resource blocks.
Proposal 3: Proposing to study flexible scheduled CSI-RS to decrease the reference signal and feedback overheads.
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