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1. Introduction
In RAN#86, a new WI “Solutions for NR to support non-terrestrial networks (NTN)” was approved [1]. The work item aims to specify the enhancements identified for NR NTN (non-terrestrial networks) especially LEO and GEO with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios. For RAN1, the detailed objectives are to specify enhancing features to Rel-15 & Rel-16’s NR radio interface as follows [1]:
	4.1.1	RAN1
Enhancing features to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN, the following should be specified (see TR 38.821):
· Timing relationship enhancements[RAN1,RAN2]
· Enhancements on UL time and frequency synchronization [RAN1,RAN2]
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]
In addition, the following topics should be specified if beneficial and needed
· Enhancement on the PRACH sequence and/or format and extension of the ra-ResponseWindow duration (in the case of UE with GNSS capability but without pre-compensation of timing and frequency offset capabilities) [RAN1/2].
· Feeder link switch [RAN2,RAN1]
· Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse [RAN1/2]
· Including signalling of polarization mode



In the SI stage, beam related issues were proposed by many companies but not fully discussed. In this contribution we share our considerations on beam management and BWP operation for NTN with frequency reuse.
2 Beam management and BWP operation for NTN with frequency reuse 
Due to the movement of LEO satellites and HAPS, the mechanism to facilitate intra-satellite beam switching is important to ensure continuous service. Based on TS 38.300, there are two types of mobility: cell level mobility and beam level mobility. Cell level mobility requires explicit RRC signaling and RRC reconfiguration, while beam level mobility is dealt with at lower layers by PHY and MAC layer and RRC is not required to know which beam is being used at a given point in time. Compared to cell level mobility, beam level mobility is easier and time saving. Therefore, we prefer beam level mobility for intra-satellite beam switching. 
There were many proposals on beam management during SI and the following conclusion was drawn for NTN beam management in [2]:
The rel-15/16 beam management and BWP operation are considered as baseline for NTN. Beam management and BWP operation for NTN with frequency reuse should be discussed further when specifications are developed.
Based on Rel-15/16 specifications, beam measurement is performed within the CSI framework. In other words, beam measurement is configured via CSI report configuration which indicates the UL BWP for CSI reporting and the associated CSI resource configuration which indicates the DL BWP for the reference signal to be used for the measurement. A new feature of NZP CSI-RS resource repetition was introduced for beam sweeping. When repetition field is set to off or not present, the UE may assume that the NZP-CSI-RS resources within the resource set are each transmitted with a different downlink spatial domain transmission filter, i.e., different beam. It is possible for the UE to measure on any beam on the activated BWP as there is no association between spatial beam and frequency band in the terrestrial network. Additionally, only one BWP can be activated at a time for each serving cell and UE is not expected to measure CSI resource on inactive BWP.
However, there might be one-to-one mapping between BWP and beam in NTN as explained in [3]. As Fig. 1 shows, SSBs via all beams within the cell are transmitted on BWP#0. The UE performs DL synchronization and RACH procedure on BWP#0. After RRC connected, the BWP corresponding to the detected SSB (i.e. beam) is configured to the UE as the activated BWP. It requires the satellite beam can transmit the SSB on BWP#0 in addition to transmit PDCCH/PDSCH on the associated BWP. In a word, BWP#0 can be used for initial cell access with all beams and corresponding SSBs. For connected UE, an active BWP#1, #2, or #3 can be used with several beams. In that sense, it is hard to reuse beam measurement mechanism in Rel-15/16 directly for adjacent beam measurement on different BWPs, some enhancements may be needed to improve the measurement efficiency and reliability. 
Following is the analysis of some potential beam measurement solutions in NTN:
· Solution 1: Reuse rel-15/16’s mechanism, UE measures CSI resources on different BWPs for multiple times with BWP switching. For example, UE firstly measures CSI resource#1 on activated BWP as BWP#1, then UE switches to BWP#2 after receiving DCI indicating BWP switching from the gNB. Thereafter, an aperiodic CSI report associated with CSI resource#2 on BWP#2 would be triggered, the UE performs CSI measurement on BWP#2. Similarly, the UE can switch to BWP#3 for CSI resource #3 measurement. However, this solution will cause large delay and DL signaling overhead as every time UE needs to receive BWP switching indication from the gNB. The large delay will cause inaccurate beam measurement results. Besides the DL overhead, the UL signaling overhead for CSI report will be large as differential RSRP report cannot be applied.  
· Solution 2: UE fallback to initial BWP for SSB measurement. As explained in the above, SSBs via all beams within the cell are transmitted on BWP#0, therefore it is quicker for UE to fall back to the initial BWP if multiple beams need to be measured. Compared to solution 1, the delay and DL signaling overhead is reduced as UE only switches BWP once. However, the measurement results may be inaccurate as the beam is measured in another frequency band. 
· Solution 3: UE measures beams on the multiple BWPs. For example, the CSI resources #1, #2 and #3 located in BWP#1, #2 and #3 respectively, while BWP#1 is the activated BWP. The UE can measure CSI resource #2 and #3 on inactive BWP #2 and #3. Compared to solution 2 and 3, the delay and signaling overhead of solution 3 is the smallest, and the measurement results is more accurate as all the beams are measured on their associated BWP. 
The discussion above can be summarized from three perspectives: (1) Spec. impact (2) Delay (3) Accuracy as in Table I.
Table I: Analysis of different beam measurement solutions.
	
	Solution 1
	Solution 2
	Solution 3

	Perspective
	Multi-times measurement, single BWP each time
	Initial BWP measurement 
	Multiple BWPs measurement

	Spec. impact
	Small
	Small
	Medium

	Delay
	Large
	Small
	Small

	Accuracy
	Medium
	Medium
	High
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[bookmark: _Ref21028204]Figure 1: Multiple beams per cell using multiple BWPs (frequency reuse 3)
According to the above discussion, promoting the corresponding discussion as an essential (1st priority) topic is needed and beneficial.
Proposal: Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse should be specified. 
3 Summary 
In this contribution, we provide considerations on beam management and BWP operation for NTN. Following is our proposal: 
[bookmark: _GoBack]Proposal: Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse should be specified. 
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