Page 1
3GPP TSG-RAN WG1 #85  													                               R1-164191
Nanjing, China, 23 – 27 May, 2016

Source: 	Intel Corporation
Title:	Uplink MIMO in new radio interface
Agenda item:	    7.1.6
Document for:	Discussion and Decision

1. Introduction
In the RAN#71 meeting a new study item on New Radio (NR) Access Technology was approved [1]. The main objective of the study item is to develop and evaluate the technologies for the NR system to support a broad range of the use cases including enhanced mobile broadband, massive MTC, URLLC. In this contribution we provide our views on the uplink MIMO related technology for NR.
2. Antenna architectures for NR MIMO 
Different antenna architectures, such as digital antennas or hybrid antenna arrays, are possible choices for NR. Since the target frequency for NR covers from cellular band to mmWave band, the actual antenna architecture for implementation in different bands should also take into account the manufacturing techniques/costs in the time window to firstly deploy NR. For below 6GHz band, both hybrid and digital antennas are possible choices for TRP antennas and they have been already considered when designing LTE Rel-13 FD-MIMO. Below 6GHz band UE will naturally employ omni-directional antenna with multiple digital ports due to form factor limitation. However, hybrid antenna becomes a more feasible implementation choice for eNB at high band. For hybrid antennas, analog beamforming can be used for the wideband and digital precoding can be used in each of the subband. For high band UE, hybrid antenna also becomes a more feasible choice for implementation [3], such as patch antennas. Compared with omni-directional antenna, directional UE antenna can improve the signal receiving quality significantly. This signal quality improvement can be critical for ensuring cell coverage at high band. At this moment, it is hard to predict the exact percentage of omni-directional UEs when NR is getting deployed. But we assume that majority of NR UEs will be employed with hybrid antennas at high band.
Proposal 1: 
· For below 6GHz band, consider both digital and hybrid antennas at eNB and omni-directional antenna at UE in the NR design.
· For above 6GHz band, consider multiple hybrid antennas at eNB and multiple hybrid antennas at UE, e.g. two and facing opposite direction, in the NR design.

For hybrid antenna, different TXRU virtualization techniques apply. In LTE FD-MIMO, both fully connected virtualization and sub-array based virtualization have been discussed. On top of both virtualization categories, one dimensional or two dimensional virtualization techniques can be applied further. One example of one dimensional sub-array virtualization can be created by using one TXRU to drive the same polarization antenna elements of one column in a 2D antenna array. Another example of two dimensional fully connected virtualization techniques can be created by using two TXRUs to drive the same polarization antenna elements of the whole 2D antenna array. The signal on each antenna element is the summation in the RF from the output of two TXRUs. Due to the implementation simplicity and high array gain by mapping more antenna elements per TXRU, two dimensional sub-array based virtualization seems to be more attractive for the TRP. Multiple hybrid antenna arrays can be employed at the TRP to overcome the number of simultaneous beams limitation of single 2D sub-array. For below 6GHz band, both sub-array and fully connected can be supported TRP antenna virtualization by LTE FD-MIMO framework. For implementation simplicity with patch antenna based implementation at UE, 2D sub-array also seems to be an attractive choice. Since normally the field of view (FOV) for single hybrid antenna cannot cover the full spatial span, UE should at least be mounted with two hybrid antennas with each FOV covers half of the spatial span. Then one more thing to consider for UE antenna is whether the TXRUs can be shared among multiple antenna arrays. If this is the case, system design should take into account this aspect to support proper switching between TXRU and antenna arrays. One use case can be to dynamically switch shared TXRU to antenna arrays with different FOV.
Proposal 2: 
· For below 6GHz band, both sub-array and fully connected virtualization for TRP can be supported by using LTE FD-MIMO framework.
· For above 6GHz band, prioritize the 2D sub-array based virtualization for eNB/UE in the NR design. 
· It is worth to clarify whether TXRU can be connected to different antenna arrays dynamically at UE.

Another important aspect of antenna architecture is with regard to antenna calibration. For low band, uplink MIMO and downlink MIMO can operate independently. Thus only eNB side antenna calibration is needed when operating TDD sounding based MIMO. However, for high band when both eNB and UE employ multiple directional hybrid antennas capable of analog beamforming, antenna calibration assumption at both eNB and UE side can have large impact on the system design. With multiple hybrid antenna arrays, there exists two types of calibrations. The first type of calibration is intra-array calibration. This type of calibration ensures channel reciprocity with the same Tx/Rx beam from one antenna array. For example if sufficiently good UE intra-array antenna calibration is guaranteed, UE can use the acquired Rx beam as Tx beam to send random access preambles to the TRP. Otherwise, UE does not have Tx beam information after acquiring Rx beam from initial synchronization procedure, different transmission techniques might be needed to send the random access preambles. The second type of calibration is inter-array calibration. This ensures Tx beam from one array would be similar to the same Tx beam from another array if both arrays have the same orientation. For example if sufficiently good TRP inter-array antenna calibration is guaranteed, TRP can sweep possible reception beams faster by scanning a sub-set of beams from all antenna arrays. The system design should be flexible enough to consider different antenna calibration assumptions. And if antenna calibration is guaranteed, whether system design should consider to facilitate such calibration over the air.
Proposal 3: 
· eNB/UE vendors to state intra-array antenna calibration and inter-array antenna calibration assumption for the NR design.
· NR system design should be flexible enough for different antenna calibration assumptions.
3.  Uplink NR MIMO scenarios 
In [2], we have listed envisioned scenarios for NR MIMO technology. We expect that these scenarios are applicable for both downlink and uplink directions. Although these scenarios are applicable for both cellular band and high band, the detailed implementation could be different for different bands. For example for single-point MU-MIMO, TRP with digital antennas can rely on digital signal processing to mitigate the inter-user interference at the single-point. But for TRP with hybrid antennas, user separation is pre-determined by the orthogonality between different analog beams. These differences shall be considered while designing the system targeting different bands. 
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Figure 1: Envisioned UL MIMO transmission scenarios for NR MIMO technology
In addition to these scenarios, it can be expected that NR for high band will be initially deployed with co-located LTE radio and mainly served as capacity booster in e.g. dense urban scenario. A future migration path could be to deploy NR in low band for continuous coverage and NR in high band at traffic hot spot for capacity booster. Although designing a NR systems for standalone operation from day one is necessary, having optimization for the capacity booster layer at middle/high band assuming an available coverage layer at low band  seems to be valid consideration.
Proposal 4: 
· Design UL NR MIMO assuming the listed scenarios in Figure 1. UL NR MIMO should support stand-alone operation for all possible bands, however, optimization of the capacity booster layer at middle/high band assuming a coverage layer using LTE or NR at low band can also be considered.
4. Uplink NR MIMO framework
Although the target band for NR covers a wide frequency range, it is still desirable to have a unified MIMO framework and only introduces necessary band specific features. Since hybrid antennas have more limitation than digital antennas, it is simpler to design the system with hybrid antennas in mind as digital antenna can anyway be used to implement a system which is optimized/designed for hybrid antennas.
Considering high band NR systems in which hybrid antennas are employed at both ends of the link, the beams to maintain for downlink and uplink are different. For the downlink, both TRP Tx beam and UE Rx beam need to be maintained. For the uplink, both TRP Rx beam and UE Tx beam need to be maintained. Although it may be simpler to only manage the beams for one link direction and relies on channel reciprocity to manage the beams for the other direction, it may be risky to design a system assuming that reciprocity is always available. Secondly the beam pattern of Tx/Rx may intentionally be chosen different for other valid reasons for example the TRP Tx beam may be designed to concentrate the energy towards the desired UE but TRP Rx beam maybe jointly designed with digital processing to minimize inter-user interference. Thirdly the system wide optimal downlink transmission point may be different from the optimal uplink reception point, e.g. in HetNet scenarios in which macro cells and pico cells may have different transmission power. For those reasons, it is desirable to have independent processes to manage uplink beams and downlink beams. And inter-link dependency based optimization can also be considered.
Multi-level beam managements should apply to support different beam mobility scenarios. Those scenarios include inter-TRP beam management, intra-TRP beam management and intra-beam beam management. For inter-TRP beam management, it naturally involves abrupt beam change at both TRP and UE side. For intra-TRP management, it includes both beam tracking and beam switching. For beam tracking, it may only involve graduate beam change at both TRP and UE side and a typical example is to maintain a LoS link while UE moves. For intra-TP beam switching, it can involve abrupt beam change at both TRP and UE side. A typical example is due to an optimized scheduling decision or channel blockage induced beam switching.  Figure 2 illustrates examples of beam tracking and beam switching. For intra-beam beam management, it is mainly for UE side beam management for the same TRP beam. One typical scenario is UE rotation without moving. In order to support multi-level beam management for uplink, reference signal design, random access design need to take those scenarios into consideration. 
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Figure 2: Example of beam mobility scenarios: beam tracking (left); beam switching (right)
Uplink beamforming also has impacts on design of various uplink physical channels and signals. Depends on the traffic nature, whether it is bursty or scheduled, the eNB with hybrid antenna may apply different reception beam methods. For example eNB may need to scan all possible beam directions, or uses a wide beam, to receive a bursty traffic as the Rx beam is not known. But to receive a scheduled traffic, eNB can simply apply a UE specific Rx beam. Another possible limitation by hybrid beamforming to uplink channels and signal design is that only limited number of beam directions can be supported simultaneously. This should be considered when designing the multiplexing between different uplink channels/signals.
Depending on the nature of one particular uplink physical channel and signal, one ore multiple UL NR MIMO scenarios listed in Figure 1 may apply. For example we may apply single point spatial multiplexing transmission for basic NR operation. But in order to boost peak data rate, we may apply multi point high order spatial multiplexing transmission for data channel. And for uplink control channel, maybe a more relevant advanced transmission is multi-point diversity transmission.
Another aspect closely related to UL MIMO is the uplink power control scheme. Although narrower beam leads to less interference leakage towards undesired directions, it can also cause faster link gain fluctuation. Since beam change is usually accompanied with link gain change, how to perform UL power control seems to deserve some more attention.
For the NR low band, it is natural to support the same UL SU-MIMO dimension as LTE. However, necessary changes may be needed with regard to UL DMRS, SRS to be compatible with the other system design aspects such as multiple access and frame structure. Also it can be expected that NR TRP by default will employ a more advanced antenna array than a normal LTE TRP, so the UL MU-MIMO dimension of NR low band should have higher target than LTE uplink. For example, more than two co-scheduled UEs should be supported with partially overlapping bandwidth. Also SRS should consider higher capacity to enable reciprocity based downlink MIMO operation as number of TXRUs for NR low band is expected to be large by default.
Proposal 5: 
· Strive to have a unified uplink NR MIMO framework for all NR bands.
· Have a relatively independent uplink beam management procedure to downlink.
· Have a beam management framework which can address various scenarios including inter-TRP and intra-TRP beam mobility scenarios.
· Design uplink physical channels considering the hybrid antennas at both sides of the link. 
· Apply relevant NR MIMO scenarios for various uplink physical channels/signals.
· Study uplink power control scheme in a beam centric environment.
· [bookmark: _GoBack]NR at low band should target the same SU-MIMO dimension and higher MU-MIMO dimension than LTE. SRS and DMRS should be designed to be compatible with other system design aspects and better support reciprocity based operation

Conclusions
In this contribution we have provided our views on the uplink MIMO related technology for NR. The below proposals are made:
Proposal 1: 
· For below 6GHz band, consider both digital and hybrid antennas at eNB and omni-directional antenna at UE in the NR design.
· For above 6GHz band, consider multiple hybrid antennas at eNB and multiple hybrid antennas at UE, e.g. two and facing opposite direction, in the NR design.
Proposal 2: 
· For below 6GHz band, both sub-array and fully connected virtualization for TRP can be supported by using LTE FD-MIMO framework.
· For above 6GHz band, prioritize the 2D sub-array based virtualization for eNB/UE in the NR design. 
· It is worth to clarify whether TXRU can be connected to different antenna arrays dynamically at UE.
Proposal 3: 
· eNB/UE vendors to state intra-array antenna calibration and inter-array antenna calibration assumption for the NR design.
· NR system design should be flexible enough for different antenna calibration assumptions.
Proposal 4: 
· Design UL NR MIMO assuming the listed scenarios in Figure 1. UL NR MIMO should support stand-alone operation for all possible bands, however, optimization of the capacity booster layer at middle/high band assuming a coverage layer using LTE or NR at low band can also be considered.
Proposal 5: 
· Strive to have a unified uplink NR MIMO framework for all NR bands.
· Have a relatively independent uplink beam management procedure to downlink
· Have a beam management framework which can address various scenarios including inter-TRP and intra-TRP beam mobility scenarios.
· Design uplink physical channels considering the hybrid antennas at both sides of the link. 
· Apply relevant NR MIMO scenarios for various uplink physical channels/signals.
· Study uplink power control scheme in a beam centric environment.
· NR at low band should target the same SU-MIMO dimension and higher MU-MIMO dimension than LTE. SRS and DMRS should be designed to be compatible with other system design aspects and better support reciprocity based operation.
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