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1. Introduction
In RAN1 #86 meeting, multiple agreements are achieved for NR MIMO and beam management. Based on these agreements we discuss in this contribution aspects related to the framework of MIMO and beam management for NR.  
2. Scenarios
The target application scenario of new radio varies vastly in the typical number of deployed antenna elements. The following table shows possible configurations of current evaluation assumption. It has been proposed by multiple companies to have a unified framework for different antennas and across frequency bands. Such design would be forward compatible to the largest extent and reduce specification complexity.

	
	Below 6GHz (700MHz, 4GHz)
	Above 6GHz (30GHz, 70GHz)

	TXRU mapping
	Per panel, reuse models in TR 36.897. Other mappings are FFS
Consider the following a TXRU to antenna elements mapping as examples
4GHz: the same as TR36.897
	Consider the following a TXRU to antenna elements mapping as examples
30GHz and 70GHz: 
Option 1: a single TXRU is mapped per panel per polarization.
Option 2: a single TXRU is mapped per panel per subarray per polarization, 
- E.g., where a subarray consists of consecutive M/2 vertical antennas and N/2 horizontal antennas with the same polarization.
- Other subarray configurations are not precluded. 
Option 3: Fully connected TXRU mapping within a panel per polarization.
- Other Fully connected TXRU mapping is not precluded.  



	Number of BS antenna elements across all panels
	700MHz: Up to 64 Tx /Rx antenna elements 
4GHz: Up to 256 Tx /Rx antenna elements 
Note: Same as TR38.913
	30GHz: Up to 256 Tx /Rx antenna elements 
Note: Same as TR38.913
70GHz: Up to 1024 Tx /Rx antenna elements (TP)

	Number of UE antenna elements
	700MHz: Up to 4 Tx /Rx antenna elements 
4GHz: Up to 8 Tx /Rx antenna elements 
Note: Same as TR38.913
	30GHz: Up to 32 Tx /Rx antenna elements 
70GHz: Up to 32 Tx /Rx antenna elements
Note: Same as TR38.913

For UE at 70GHz, companies are also allowed to investigate the case with 64 total number of antenna elements
– The number of TXRUs remains the same as 30GHz


 
Proprosal 1: It is highly preferable to have a common framework for different number of antenna elements and across different frequency bands. 
3. Framework with and without a priori Information
With respect to whether there is a priori information about multi-antenna configurations and spatial characteristics, the common framework is mainly divided into two parts: initial access and data transmission. 
For the initial access part, there is no a priori information about eNB or UE antenna configuration and which beam or what multi-antenna transmission scheme is better. As stated in the following agreement from RAN1 #86，the initial access procedure should have unified design for single beam based and multi-beam based deployments. 
Agreements:
· RAN1 should strive for a common framework, including for example structure of synchronization signals, for initial access
· More specifically, especially within a group of frequency bands in the frequency range, RAN1 should strive for an unified framework covering
· Single beam based and multi-beam based deployments
For the initial access part, multi-antenna and beam management schemes should be efficient from the perspective of power and resource utilization. Through the procedure, UE should gain the initial information of system configuration and spatial characterics and get connected to the network. The corresponding aspects would be discussed in our companion contribution[1]. 
After initial access, network and UE gained initial information about antenna configuration of each other. For the following data transmission, the common framework should support configurable design to satisfy different antenna configurations. The configurable design is also suitable for forward compatibility in the sense that signals could be well confined in frequency and time in a dynamic and controllable way.  
In order to support such configurable design, NR should be able to make use of the a priori information to build a robust control channel to transfer the configuration information.
Proposal 2: From the perspective of whether there is a priori information about multi-antenna configurations and spatial characteristics, the common framework could be divided into two parts: with and without a priori information (initial access and data transmission). For the part without a priori information, beam management should efficient from power and resource utilization perspective. For the part with a priori information, the common framework should be dynamically configurable to satisfy the needs of different antenna deployment, always changing wireless environment and forward compatibility.
4. Beam Management and MIMO Transmission
The issue of beam management is raised due to the possibility of beamforming with large number of antennas in both control and data domain. It should be viewed as part of the NR multi-antenna design and comprises one of the major component in the above common framework. 
It is possible beam management is part of the initial access procedure. Beam ID detection and the following random access help to identify the possible beams that could be used. The detailed design of beam management in intial access would be discussed in our companion contribution.
When the network and UE have gained some initial information, the following beam management and MIMO transmission should make full use of the information. As discussed above, beam management should be viewed as a component of the whole MIMO transmission scheme. Thus the reference signal, measurement and corresponding report should be structured in one framework for both beam management and normal MIMO related procedure. Besides the unified design for different deployments, the design for beam management and other MIMO related procedure should also be unified.   
Proposal 3: The reference signal, measurement and corresponding report should be well structured in one framework for both beam management and other MIMO related procedures.
5. Configurability
As stated above, dynamically configurable to satisfy the needs of different antenna deployment, always changing wireless environment and forward compatibility. A robust control channel should be designed to ensure effective and efficient dynamic configuration of MIMO transmission schemes. But control channel also needs beam management. Its design should take advantage of the information gained at initial access. When there is further refinement of beams in the following, the control channel should be able to efficiently adapt to the finer beams. Beam management of the control channel should guarantee robustness and efficiency in various environment. The corresponding design details is shown in our companion contribution [2].
Proposal 4: The major component of NR configurability is its robuts control channel design for DL and UL. Beam management of the control channel should guarantee robustness and efficiency in various environment.   
6. Conclusion
Proprosal 1: It is highly preferable to have a common framework for different number of antenna elements and across different frequency bands. 
Proposal 2: From the perspective of whether there is a priori information about multi-antenna configurations and spatial characteristics, the common framework could be divided into two parts: with and without a priori information (initial access and data transmission). For the part without a priori information, beam management should efficient from power and resource utilization perspective. For the part with a priori information, the common framework should be dynamically configurable to satisfy the needs of different antenna deployment, always changing wireless environment and forward compatibility.
Proposal 3: The reference signal, measurement and corresponding report should be well structured in one framework for both beam management and other MIMO related procedures.
Proposal 4: The major component of NR configurability is its robust control channel design for DL and UL. Beam management of the control channel should guarantee robustness and efficiency in various environment.  
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