3GPP TSG RAN WG1 #105-e                                                      R1-2104427
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK2]E-Meeting,  May 10th – May 27th, 2021

Agenda Item:	8.4.4
Source:	Spreadtrum Communications
Title:	Consideration on beam management and other aspects for NTN
Document for:	Discussion and decision

Introduction
In this paper, we discuss our views on enhancements on beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse and signalling of polarization mode.

Beam management
In RAN1#104_e, some issues on beam management in NTN have been identified [1].
	[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Conclusion:
Discuss whether or not at least following issues are valid and decide whether or not enhancements are needed in addition to current NR specification for supporting NTN beam management:
· Issue 1: NR BWP is not directly associated with a beam. Thus, when using TCI to change beam from beam 1 to beam 2, it does not trigger NR BWP switching. However, in NTN FRF>1 case, beam switching may result in a BWP switching.
· Issue 2: NR BWP switching in UL and DL are not jointly triggered for FDD. However, in NTN FRF>1 FDD scenario, beam switching may result in a BWP switching in both DL and UL.
· Issue 3: NR dynamic BWP switching requires data scheduling. While in NTN FRF>1 scenario, we may need a fast BWP switching triggering without data scheduling.
· Issue 4: NR BWP switching does not require re-synchronization. However, in NTN FRF>1 scenario, when a satellite beam switching is triggered, UE may need to perform re-synchronization in the switched BWP. 
· Issue 5: Since satellite beam switching can be frequent and often highly predictable, mechanisms of configured BWP switching (can be a sequence of BWPs) may be preferred but current NR does not allow it.
· Issue 6: How to deal with BWP switching triggered by bwpInactivityTimer, RA procedure, or simply a need to increase throughput instead of for beam-level mobility.
· Issue 7: NR BWP switching/beam switching is done with UE specific signalling due to UE movement’s. However, in NTN scenario, a satellite BWP/beam switching is common for set of UEs, we may need to a common BWP/beam switching mechanism to save the signalling overhead.


[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK7][bookmark: OLE_LINK8]In NR, there is no explicit association between SSB and BWP in current specification, i.e., BWP is not directly associated with a beam. Thus, beam switching will not trigger BWP switching. In NTN FRF>1 case, beam switching may result in a BWP switching. In our view, there is no need to map SSB index and BWP index. Different SSBs are associated with different beam and different BWPs are associated with different beam. If beam management based on BWP switching is supported, the association between SSBs and BWPs would be determined naturally. The current specifications could be re-used.
[bookmark: OLE_LINK44]Proposal 1: Additional association to map SSB index and BWP index is not needed.
NR BWP switching in UL and DL are not jointly triggered for FDD. However, in NTN FRF>1 FDD scenario, beam switching may result in a BWP switching in both DL and UL. In our view, BWP switching of UL and DL simultaneously in NTN FRF>1 FDD scenario should be supported.
Proposal 2: BWP switching of UL and DL simultaneously in NTN FRF>1 FDD scenario should be supported.
In NTN, frequency reuse is used to mitigate inter-beam interference. Hence, there is almost inevitable that beam switching would lead to switch another BWP. Current NR dynamic BWP switching requires data scheduling. While in NTN FRF>1 scenario, BWP switching triggering without data scheduling is very frequent. In our view, BWP switching without data scheduling should be supported in NTN FRF>1 FDD scenario.
Proposal 3: BWP switching without data scheduling should be supported in NTN FRF>1 FDD scenario.

Signalling of Polarization
In RAN1#102e, the following agreements on polarization signaling have been achieved [2].
	[bookmark: OLE_LINK39][bookmark: OLE_LINK40]Agreement:
Potential enhancements for support of polarisation signalling in NR NTN can consider at least the following:
· Configuration of DL and UL transmit polarization including Right hand and Left hand circular polarizations (RHCP, LHCP) 
· Network broadcast DL and UL transmit polarization configuration  
· UE polarization capability (RHCP, LHCP, Linear)
· Dependence of polarisation signaling on deployment scenarios. For example,
· Resource reuse mode with/without polarization for the beam management enhancement 
· Fixed polarization per cell/beam for polarization reuse and circular polarisation with intra-UE and inter-UE multiplexing (intra-UE and inter-UE) signalling 

Agreement:
Indication of polarization information for DL and UL by the network is supported. 
· FFS: Signaling details


In this section, we share our views on signalling of polarization.

[bookmark: OLE_LINK37]Reporting UE polarization capability
In RAN1#104_e, the following conclusion on reporting UE polarization capability has been achieved [1].
	Conclusion:
Discuss the necessity of reporting UE polarization capability considering at least following aspects, 
· Deployment scenarios.
· UE implementation aspects with respect to polarization.
· Satellite implementation aspects for switching between polarization states.
· Satellite implementation aspects for realizing multiplexing of UEs having different polarization capabilities.


[bookmark: OLE_LINK38][bookmark: OLE_LINK41]In NTN networks, neighbouring cells may use different polarization modes (RHCP and LHCP) to mitigate inter-cell interference. Furthermore, there may be UEs with different antenna types. Some UEs may be equipped with linearly polarized antennas, while some other UEs may be equipped with circularly polarized antennas. If multiple polarization types are used, UE can adjust its polarization type based on network polarization indication. Regarding the target usage of polarization, our view is that inter-beam interference mitigation should be considered as first priority. The necessity of using polarization for multiplexing is unclear.
[bookmark: OLE_LINK35][bookmark: OLE_LINK36]If polarization is used for inter beam interference mitigation, the polarization state for each beam in one cell will not change dynamically. Based on this, there seem meaningless to report the polarization capability to the gNB since the satellite cannot use the reported information to adjust the polarization state for one UE.
Proposal 4: UE reporting polarization capability is not needed.

Polarization indication
[bookmark: _GoBack]In RAN1#104_e, the following agreement on polarization indication has been achieved [1].
	Agreement:
Support at least explicit indication of polarization information for DL by the network
· FFS: whether the indication is done by SIB, other RRC signaling, DCI.
· [bookmark: OLE_LINK42][bookmark: OLE_LINK43]FFS: Whether separate signaling is needed for the UL and if so, whether or not a same polarization is indicated for DL and UL


Since polarization is used for inter-beam interference mitigation by satellite, it is beneficial to signal the polarization of each beam in one cell, including gNB Tx polarization and Rx polarization of each beam. In our view, the simple and straightforward way is that polarization indication can be signalled by gNB via SIB.
Proposal 5: Polarization indication can be signalled by gNB via SIB 

[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]Conclusion
Based on the analyses and discussions, we have the following proposals:
Proposal 1: Additional association to map SSB index and BWP index is not needed.
Proposal 2: BWP switching of UL and DL simultaneously in NTN FRF>1 FDD scenario should be supported.
Proposal 3: BWP switching without data scheduling should be supported in NTN FRF>1 FDD scenario.
Proposal 4: UE reporting polarization capability is not needed.
Proposal 5: Polarization indication can be signalled by gNB.
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