
3GPP TSG-RAN WG2 Meeting #96	R2-168699
Reno, USA, November 14 - 18, 2016
                                
	
Source: 		NEC
Title:			On Multiple Beams Connection and Beam Management in NR
Agenda Item:		9.3.1.1.2
Document for:	    Discussion and Decision
1. Introduction
As far as RAN2#95bis, there are still some open issues in relation to ‘beam’ level mobility and beam management in NR.
In this contribution we discuss the use of multiple beams connection and beam management in NR. 
2. Discussion 
2.1 Assumption on Beam Configurations 
In this contribution we assume that each cell is covered by a grid of beams that span different directions of the cell coverage area (3D including elevation angle). The concept of multiple beams may fallback to just a single beam, defining the coverage of the whole cell (i.e. legacy case), as shown in Figure 1. 
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Figure 1: Cell with N beams (Beam ID 1 to N)

For a multiple beams cell, the number of beams and beams patterns in that cell could be defined by the Beam Configuration. This way, different cells will have different beam configurations depending on the coverage requirement of each cell. For example, a high number of very narrow beams would give the larger cell radius, but fewer wider beams would allow faster cell acquisition. Moreover, in order to differentiate the cell beams, each beam has an identifier (Beam ID) which is unique within that cell, as shown in Figure 1.

Observation 1: Each beam should have a unique identity (e.g., Beam ID), possibly derived from a beam specific reference signal (BRS). 

2.2 Multiple Beams Connection 
In high frequency communications environment, NR cells could have high number of very narrow directional beams that would ensure the coverage requirements in these cells. However, in the case of a single beam connection between a UE and its serving gNB, any UE mobility or possible obstruction of LOS path between the UE and gNB could result in severe drop in received signal strength and possible loss of the connection between this UE and gNB. 

One way to reduce this connection loss is to use multiple beams connection between the UE and its serving gNB, where multiple beams connection means that the UE should be able to receive data transmissions from one or more beams. For example, one beam at the time or multiple beams simultaneously with same or different data. The data here refers at least to the broadcasted control information (e.g. SIB, power control, etc.).

Multiple beams connection could increase the connection reliability between a UE and gNB by using the diversity gain. Also, it could reduce the session interruption caused by rapid beam switching under fast changing channel conditions in high frequency. This is possible considering the lower probability of a UE losing multiple beams connection with gNB compared with the case of a single beam connection.

For example, in Figure 2, it is assumed that the UE is initially communicating with gNB in Cell1 using two beams beam#3 and #4. Then due to an obstacle (or UE mobility) a possible drop in received signal strength on beam#4 could result in a loss of UE connection to the gNB on beam#4. Nonetheless, assuming that the received signal strength on beam#3 is still acceptable, the UE could maintain its connection to the gNB using beam#3 (i.e. no session interruption). Additionally, beam#2 could be added to the UE connection to the gNB if the received signal strength on beam#2 is acceptable. The addition of beam#2 would create a multiple beams connection (beam#2 &3) to the gNB. 
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Figure 2: Intra-cell mobility in NR (i.e. within NR Cell1)


Observation 2: The use of multiple beams could increase connection reliability between a UE and serving gNB.

Proposal 1: UE should be connected to multiple beams.

2.3 Beam Management
According to RAN2#94 agreement, beam level mobility (i.e. mobility between beams in the same cell or intra-cell mobility) would require minimum/no RRC involvement (e.g. at MAC/PHY). This means that it could be possible to perform beam management (e.g. beam addition and removal) at L1 without the involvement of higher layers. 


Observation 3: It could be possible to add or remove beam(s) to/from the multiple beams connection without higher layers involvement. 
3. Conclusion
In this contribution we discussed the use of multiple beams connection and beam management in NR. The following are the observations and proposal of this document: 

Observation 1: Each beam should have a unique identity (e.g., Beam ID), possibly derived from a beam specific reference signal (BRS). 
Observation 2: The use of multiple beams could increase connection reliability between a UE and serving gNB.
Observation 3: It could be possible to add or remove beam(s) to/from the multiple beams connection without higher layers involvement. 

[bookmark: _GoBack]Proposal 1: UE should be connected to multiple beams. 
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