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1 Introduction
NR MIMO has been discussed for two meetings, and various aspects of the MIMO design, such as CSI feedback, beam management, and beamformed initial access have been discussed. However, it is not so clear the requirements for NR MIMO study. In this contribution, some general requirements on NR MIMO are proposed. From our perspective, the following requirements need to be satisfied for a successful NR WI establishment.
2 General requirements for NR MIMO

2.1 For sub-6 GHz and above-6 GHz
It is understood that sub-6 GHz (low frequency bands) and above-6 GHz (high frequency bands) may use vastly different hardware devices, for both UE and base station. Therefore, it is possible to use different specifications for high and low frequency bands. However, at least from baseband signal processing perspective, a common framework for high and low frequency bands would be beneficial for UE economic scale. The common framework may include scalable OFDM numerology and flexible beam management (and consequent reference signal design, initial access procedure etc). 
Proposal 1: NR MIMO should target a common framework for sub-6GHz and above-6GHz.
Based on the current progress of the NR MIMO discussion, the specification for low frequency bands seems a subset of the specification for high frequency bands, since the latter is more complicated due to multi-beam operation. However, it is not clear which exact subset should be practically used in low frequency bands, and this may cause confusion for future operator deployment. Therefore, it is beneficial that 3GPP clarifies how to apply the common framework for low and high frequency bands in practice respectively. For example, the coverage for both high and low frequency system needs to be carefully evaluated respectively. Otherwise 3GPP specification may face practical deployment difficulty in the future.
Proposal 2: Under the common framework for sub-6GHz and above-6GHz, 3GPP should also clarify how to apply the common framework in practice, for high and low bands, respectively. Otherwise 3GPP specification may face practical deployment difficulty in the future.
2.2 For standalone and non-standalone operation
Standalone and non-standalone operation have been intensively discussed in RAN plenary. In RAN1, the main discussion point for standalone and non-standalone is if there is an assistant signaling from LTE/NR anchor carrier to, e.g., accelerate initial access procedure. There is a certain amount of specification work to be done to support both standalone and non-standalone operation, however based on our estimation the increased work load is tolerable, compared with the already huge work load in RAN1. It may be controversial if above 6 GHz can be deployed in a standalone manner, however from operator deployment perspective, it would be high appreciated to keep this possibility in specification, which would improve deployment flexibility greatly. Therefore it is proposed that:

Proposal 3: For deployment flexibility, RAN1 should support both standalone and non-standalone operation in NR Phase I, for both high and low frequency bands.
2.3 For flexible TRP/UE antenna configurations
Analog beamforming is difficult to be deployed in LTE system, because it is wideband beamforming, which means that CRS is also beamformed and consequently backward compatibility cannot be kept. However, in NR there is no backward compatibility issue, and digital/hybrid/analog beamforming can be all possibly deployed at base station side. Among the three types of beamforming methods, hybrid beamforming can be the starting point for specification since the other two can be considered as a special case of hybrid beamforming. 

There are many parameters of hybrid beamforming, such as number of panels, number of TXRUs, and number of antenna elements on each panel. In different scenarios, different sets of parameters have been agreed for evaluation purpose respectively. However, it might be too restrictive for real deployment if only those parameters are supported by specification. It is desired that specification does not restrict the type of real products. Therefore,
Proposal 4:  NR MIMO specification strives to allow arbitrary number of TXRUs, panels, antenna elements and phase shifters at TRP and UE.
It is noted that different types of UE (especially high frequency band) may possess different hybrid beamforming structures. For example, the CPE type may consist of four panels, and normal cell phone may consist of two panels. This will require different number of initial access parameters (e.g., number of PSS sweeping resources). If the two different types of UEs are camped on the same TRP, how to handle the difference needs to be studied.
Proposal 5: NR MIMO specification should be able to support diverse UE antenna configuration under single TRP coverage
2.4 For flexible MIMO Operation
NR MIMO needs to support different scenarios and use cases flexibly, and different scenarios and use cases may have different availability of accurate CSI feedback at the transmitter. When CSI cannot be reliably predicted at the transmitter, transmit diversity or open-loop spatial multiplexing is more suitable. When accurate CSI feedback is feasible at the transmitter, close-loop spatial multiplexing (e.g., including SU MIMO and MU MIMO) can be employed to improve data rate by delivering one or more data layers to a single UE or to multiple UEs on the same time-frequency resource.  These MIMO schemes have been widely applied in LTE, which is based on transmission modes designs. However, since transmission mode is semi-statically configured, MIMO operation cannot be fully dynamically configured in LTE. In NR, it is desired that one unified MIMO mode can be designed to support flexible switch among transmit diversity, open-loop spatial multiplexing and close-loop spatial (e.g., including SU MIMO and MU MIMO).
Proposal 6: NR MIMO should support dynamic switch among transmit diversity, open-loop spatial multiplexing and close-loop spatial multiplexing (e.g., including SU MIMO and MU MIMO).

For multi-beam based operation, eventually massive number of antenna is assumed, which means typically it is not applicable for very low frequency band (e.g., below 2 GHz). Considering that most of frequency bands above 2 GHz support reciprocity, it is reasonable to assume reciprocity can be applied for multi-beam based operation. Moreover, supporting non-reciprocity operation for multi-beam based operation can be cumbersome, because the initial access procedure (analyzed in our companion paper [2]) and CSI feedback mechanism can be much complicated. Considering both high spec complexity and low deployment possibility of non-reciprocity multi-beam based operation, it is proposed that:

Proposal 7: For multi-beam based operation, NR MIMO should at least support reciprocity based transmission.
3 Conclusion

In this contribution, some following general requirements are proposed for NR MIMO.
For sub-6 and above-6 GHz,
Proposal 1: NR MIMO should target a common framework for sub-6GHz and above-6GHz.

Proposal 2: Under the common framework for sub-6GHz and above-6GHz, 3GPP should also clarify how to apply the common framework in practice, for high and low bands, respectively. Otherwise 3GPP specification may face practical deployment difficulty in the future.

For standalone and non-standalone operation,
Proposal 3: For deployment flexibility, RAN1 should support both standalone and non-standalone operation in NR Phase I, for both high and low frequency bands.

For flexible TRP/UE antenna configuration

Proposal 4:  NR MIMO specification strives to allow arbitrary number of TXRUs, panels, antenna elements and phase shifters at TRP and UE.
Proposal 5: NR MIMO specification should be able to support diverse UE antenna configuration under single TRP coverage

For flexible MIMO operation:
Proposal 6: NR MIMO should support dynamic switch among transmit diversity, open-loop spatial multiplexing and close-loop spatial multiplexing (e.g., including SU MIMO and MU MIMO).

Proposal 7: For multi-beam based operation, NR MIMO should at least support reciprocity based transmission.
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