Page 1
[bookmark: _GoBack]3GPP TSG RAN WG1 102-e                                                                 R1-2005876
e-Meeting, 17th – 28th August, 2020

Source: 	Intel Corporation
Title:	On pre-compensation capabilities and beam management for NTN
Agenda item:	8.4.4
Document for:	Discussion and Decision

1. Introduction
At the RAN#86 meeting a new work item (WI) on Non-Terrestrial Networks (NTN) was agreed [1]. Several topics considered in this WI require further study to identify whether enhancements are needed and beneficial according to the following text from the WI description [1].
	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 this contribution the need of enhancements for NTN is discussed including such topics as pre-compensation of timing and frequency offset capabilities, beam management operation considering frequency and polarization reuse.
2. Discussion
2.1. Pre-compensation capabilities at the UE
PRACH enhancements may be needed for NR to support NTN due to large delay and Doppler values observed in NTN depending on the assumption of pre-compensation capabilities for timing and frequency offset at the UE side. According to TR38.821 [2], if it is assumed that UE is not capable for pre-compensation of timing and frequency offset, enhancements for PRACH, UL timing advance (TA) and UL frequency synchronisation are needed which require significant specification efforts. Thus, justification is needed to show that the support for UEs not capable of pre-compensation of timing and frequency offset is necessary.
From the system perspective, support of UEs without pre-compensation capabilities of timing and frequency offset requires significant changes in processing algorithms (e.g. PRACH receiver, UL timing and frequency offset maintenance). Moreover, support of such UEs require additional overhead since the time span of PRACH reception window should follow maximum differential delay value in the cell (up to 10.3 ms for GEO and 3.18 ms for LEO [2]). Considering feeder link switch, frequent handovers and large number of UEs in a cell for NTN, the performance of the system which supports UEs without pre-compensation capabilities is expected to be worse comparing to the system which supports only UEs with pre-compensation due to PRACH overhead and overhead for indication of timing and frequency offset values. 


Observation 1: 
· Support for UEs without pre-compensation of timing and frequency offset capabilities is not desirable from system performance perspective
In order to support NTN with large delay and Doppler values implementation of additional features at the UE is needed for both cases with and without pre-compensation capabilities, e.g. implementation of UL frequency synchronisation mechanism based on GNSS or based on the gNB signalling. Tight synchronisation between GNSS module and 5G NR UE modem is needed in order to do accurate pre-compensation of timing and frequency offset. Since the GNSS-based synchronisation was specified in 3GPP for LTE and NR V2X and no significant technical issues for implementation of that feature were identified. Considering the above, we propose not to consider UEs without pre-compensation capabilities for the NTN work item.
Proposal 1:
· UEs without pre-compensation of time and frequency offset capabilities are not considered for the NTN WI
2.2. Beam management
In typical NTN systems multiple geographical cells are served by using multiple directional antennas with beam patterns corresponding to geographical areas. When a UE crosses boundary between two adjacent geographical areas the switching between the corresponding beam patterns can be done using beam management protocol. Comparing to terrestrial networks polarisation and frequency reuse can be deployed for different beams as it is schematically represented in figure 1. 


Figure 1. Examples of frequency and polarisation reuse in NTN
Polarisation and frequency reuse for different beams can be implemented using Rel. 15 NR beam management. In that case SSB corresponding to different beams can be transmitted in the same frequency band and multiplexed in time domain while other physical channels can be transmitted in different parts of the frequency band by using different frequency domain resource allocation for the UEs in different beams. Alternatively, it can be assumed that transmission with different beams corresponds to different BWP or different component carriers. Since beam management enhancements are considered under Rel. 17 feMIMO WI [3], it is not necessary to discuss optimisation of beam management protocol for NTN since beam management enhancements introduced in Rel. 17 feMIMO WI can be used for NTN. 
Proposal 2: 
· Optimization of NR beam management design is not necessary for NTN
· Beam management enhancements specified in Rel. 17 in feMIMO WI can be used for NTN
3. Conclusion
In this contribution pre-compensation of timing and frequency offset capabilities and beam management operation are discussed. The following observations and proposals are made.
Observation 1: 
· Support for UEs without pre-compensation of timing and frequency offset capabilities is not desirable from system performance perspective
Proposal 1:
· UEs without pre-compensation of time and frequency offset capabilities are not considered for the NTN WI
Proposal 2: 
· Optimization of NR beam management design is not necessary for NTN
· Beam management enhancements specified in Rel. 17 in feMIMO WI can be used for NTN
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