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In RAN#86, the following topics are identified [1]:
· 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 this contribution, we provide some further considerations on PRACH design, feeder link switch, and beam management for NTN. 

Discussion
In this section, we discuss potential issues with respect to PRACH design, feeder link switch, and beam management in detail.
PRACH design
As indicated in [2], the UE with GNSS capability can acquire the Doppler offset and transmission delay based on UE location and satellite position/velocity information. Accordingly the UE can pre-compensate frequency offset and the timing offset for preamble transmission. The residual UL frequency and timing errors are related to the accuracy of the UE location and ephemeris. Only when UL frequency and timing error estimated based on UE location and satellite position/motion exceed the tolerance of the existing NR preambles, new preamble formats are required.  
Proposal 1: There is no need to enhance the preamble design unless the UL frequency and timing error estimated based on UE location and satellite position/velocity exceeds the tolerance of the existing NR preambles.
Feeder link switch
Feeder link switch can occur frequently in LEO scenarios due to invisibility between satellite and gateway, link quality degradation caused by bad weather conditions, traffic offloading, and feeder link maintenance. There are a number of NTN scenarios (e.g., transparent/regenerative satellite, and the varying number of feeder links) that may impact the design of feeder link switch solutions. An overview of potential NTN scenarios for feeder link switch is summarized in Table 1. It is desirable to first choose only a subset of NTN scenarios for feeder link switch problem identification and solution if needed. 

Table 1. An overview of potential NTN scenarios for feeder link switch.  
	Satellite
	gNB
	Feeder link

	Transparent

	Integrated gNB/gateway
(Note 1)
	One feeder link

	
	
	Multiple feeder links

	
	Separate gNB/gateway
(Note 2)
	One feeder link

	
	
	Multiple feeder links

	Note 1: Same as Transparent LEO, Architecture Option 1, different gNBs in 8.7.1.1.1 [3].
Note 2: Same as Transparent LEO, Architecture Option 1, same gNB in 8.7.1.1.2 [3].



Proposal 2: Prioritize a subset of representative NTN scenarios for feeder link switch study.

Beam management
1.1.1 BWP enhancement
Beam management is a fundamental issue for NTN where a single satellite can be equipped with hundreds or even thousands of beams. Current NR beam management scheme can serve as a baseline for NTN by allocating a corresponding BWP to each beam [3]. However, compared with NR, NTN exhibits the following distinct characteristics:
· Large propagation delay
· Potentially high mobility for LEO NTN
· Frequency/polarization reuse pattern 
Those characteristics can, to some extent, impact the effectiveness of current NR beam management mechanism when it is directly applied in the NTN context. With respect to BWP configuration, for a NR cell, only 4 cell-specific BWP-common configurations are supported for dedicated BWPs. However, for a NTN cell with multiple beams, several beams will reuse a cell-specific BWP common configuration. As shown in Figure 2, beam 2 and beam 6 may share a BWP common configuration (i.e., BWP2 configuration). In other words, beam 2 and beam 6 are allocated with the same amount of bandwidth resource. This configuration will induce non-negligible performance degradations, since beam 2 and beam 6 can have distinct requirements (e.g., traffic load of 80 and 10 served users, respectively) in the NTN context as listed in Table 2. Thus, some enhancements, e.g., extending the number of supported BWPs or introducing a scaling factor to adjust the cell-specific BWP common configuration, should be exploited to enable flexible BWP configuration for NTN.

Figure 2.  BWP configurations in a NTN cell.  
Table 2: Traffic load in different beams in Figure 1

	Beam ID
	Traffic load 
(in number of served users)
	BWP common setting

	Beam 1
	50
	BWP1

	Beam 2
	80 
	BWP2

	Beam 3
	30
	BWP3

	Beam 4
	70
	BWP4

	Beam 5
	20
	BWP1

	Beam 6
	10
	BWP2

	Beam 7
	40
	BWP3

	Beam 8
	5
	BWP4



Proposal 3: BWP configuration enhancement scheme should be studied for NTN.

1.1.2 Polarization indication  
Polarization reuse is promising for next-generation multi-beam high throughput satellite (HTS) systems [4][5], where adjacent beams can employ different polarization method, i.e., RHCP and LHCP. As shown in Figure 3, a typical 4-color reuse pattern can be realized through two different polarization/frequency reuse combinations: 
· Option-1: 2 sub-bands and 2 polarizations (RHCP and LHCP)
· Option-2: 4 sub-bands without polarization reuse
Intuitively, considering equal bandwidth sharing among all beams, option-1 with polarization reuse can allocate B/2 bandwidth for each beam, while option-2 can only allocate B/4 bandwidth for each beam. It can be seen that spectral efficiency can be doubled with polarization reuse.

Figure 3. (a) A 4-color HTS NTN system; (b) different realizations.  
For cell measurement, a UE may only turn on the corresponding port according to the polarization state that a target cell employs, such that both the interference and power consumption can be reduced. As shown in Figure 4, UE 1 in Beam 1 can choose to turn off its LHCP port to save power as well as mitigate interference from neighboring Beam 2. Therefore, it is beneficial to indicate UEs the polarization method for a NTN cell.
Proposal 4: The indication of polarization state for NTN should be supported.
[bookmark: _GoBack]
Figure 4. Cell measurement with different polarizations.  

Conclusions
In summary, we discuss some key considerations on PRACH design, feeder link switch, and beam management. The following proposals are made: 
Proposal 1: There is no need to enhance the preamble design unless the UL frequency and timing error estimated based on UE location and satellite position/velocity exceeds the tolerance of the existing NR preambles.
Proposal 2: Prioritize a subset of representative NTN scenarios for feeder link switch study.
Proposal 3: BWP configuration enhancement scheme should be studied for NTN.
Proposal 4: The indication of polarization state for NTN should be supported.
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