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	Agreement:
When polarization signalling is present in SIB
· SIB indicates DL and/or UL polarization information using respective polarization type parameters to indicate: RHCP or LHCP or linear
· FFS: whether polarization signalling is per SSB


In this contribution, we will share our view on some other aspects for NTN.
Discussion
NR-NTN beam management issues
gNB dominant Beam switching relying on prediction on gNB side
In RAN1#106-e meeting, there was a discussion on gNB dominant Beam switching relying on prediction on gNB side, but no consensus was achieved [2].
	The high-level design target is to allow gNB configure a sequence of beams based on satellite trajectory and the UE location. 
Potential spec impact: 
· a sequence of beam configuration
· switching time for the sequence of beams
· UE location reporting


Regarding the potential spec impact, we think at least UE location report is needed. With knowledge of UE location, the network can send a DCI to switch the beam when the network considers the switching necessary. In this case, the effort for frequent UE measurement and report may be reduced.
Proposal 1: If gNB dominant Beam switching relying on prediction on gNB side is supported, at least UE location report is needed.

Nevertheless, in NTN FRF>1 case, when a UE moves into the overlapped coverage region of two adjacent satellite beams, gNB needs to send DCI to trigger BWP and/or beam switching even if there is no data to be transmitted, otherwise, the UE may lose the updated BWP for monitoring. In this case, signaling overhead for BWP and/or beam switch indication may be inevitable.
Furthermore, when DRX is configured, the configuration flexibility may be restricted since UE needs to be configured in DRX active time when satellite beam switch occurs.
To address the above issues, in addition to UE location report, network may indicate the following information, such as
· A sequence of beam configuration
· Switching time for the sequence of beams
In this case, UE performs beam switching based on predication, but not based on receiving the DCI indication each time the beam is switching.
Based on the above discussion, if gNB dominant Beam switching relying on prediction on gNB side is supported, in addition to UE location report, more network indications can be considered.
Proposal 2: If gNB dominant Beam switching relying on prediction on gNB side is supported, in addition to UE location report, more network indications can be considered, such as,
· A sequence of beam configuration
· Switching time for the sequence of beams
Beam/BWP association
In our view, the current specification supports a DCI indicating BWP switching and beam switching at the same time as there are two independent indication fields, e.g.,
· There are Bandwidth part indicator and Transmission configuration indication in DCI format 1_1 and DCI format 1_2.
· There are Bandwidth part indicator and SRS resource indicator in DCI format 0_1 and DCI format 0_2.
Thus, association of NR BWP with NR beam is not needed.
Proposal 3: Association of NR BWP with NR beam is not needed.
BWP triggering for a group of UE
The benefit of BWP triggering for a group of UE is challengeable since different UEs may have different BWP/beam switching time.


  
(a)																																					(b)
Figure 1: Illustration of un-synchronous BWP/beam switching time for a group of UEs.
As shown in Figure 1 (a) for earth moving beam scenario, assume at time t, UE1 is just at the middle line of two satellite beams, and tine t is right time to be switched UE1 from satellite beam A to satellite beam B.
Nevertheless, in order to reduce the signalling overhead for beams switching, a group of UEs in the yellow rectangle was trigged by the gNB to synchronously switch from satellite beam A to satellite beam B at time t. It is obvious that time t is not the right time to perform beam switching for all UEs in the group. For example, for UE2, time t is too late for beam switching; while for UE 3, it is too early.
Thus, the group BWP/beam switching mechanism trigged by gNB may save signalling overhead in the cost of a period of ineffective time interval when some UE is not served by the correct beam.
Assume one side length of the yellow rectangle along the beam switching direction as shown in Figure 1 (a) is L, it corresponds to a time interval , during which the beam footprint on the ground moves from A to B, as shown in Figure 1 (b). The key question is: For an acceptable time interval  (e.g., 0.5 slot), how long is L, which is the key factor of the size of UE group for synchronous switching.
Let us have a simple calculation for LEO 600 km with 90° elevation angle. The relative speed v of satellite with respect to earth is about 7.56 km/s. As shown in Figure 1 (b), for SCS 30 kHz,  = 0.5 ms, thus,


where  is the earth radius,  is the satellite altitude. It can be calculated that 3.5 m.
It can be seen that when the acceptable time interval when some UE is not served by the correct beam is considered, the coverage range of UE group to be synchronously trigged by gNB for beam switching may be quite limited. Thus, the motivation of BWP triggering for a group of UE needs more clarification.
Observation 1: When the acceptable time interval when some UE is not served by the correct beam is considered, the coverage range of UE group to be synchronously trigged by gNB for beam switching may be quite limited.
Proposal 4: For beam management in NR-NTN, the motivation of BWP triggering for a group of UE needs more clarification.
Beam measurement
In our view, UE can perform SSB based beam measurement in BWP#0, thus beam measurement on multiple RS associated with different beams within a same active BWP seems workable at least for the basic functionality of beam switching. Hence, it should at least be supported for less spec impact.
Nevertheless, beam measurement on multiple RS associated with different beams within across BWPs seems beneficial for interference management and throughput enhancement. Thus, it can be further studied.
Proposal 5: For the deployment scenario with multiple beam per cell and frequency reuse >1, at least support beam measurement on multiple RS associated with different beams within a same active BWP.
Proposal 6: For the deployment scenario with multiple beam per cell and frequency reuse >1, beam measurement on multiple RS associated with different beams within across BWPs can be further studied.
Signaling of Polarization
Polarization signaling in SIB
In RAN1#106-e meeting, agreements were achieved on polarization signaling in SIB [1].
	Agreement:
When polarization signalling is present in SIB
· SIB indicates DL and/or UL polarization information using respective polarization type parameters to indicate: RHCP or LHCP or linear
· FFS: whether polarization signalling is per SSB


As discussed in the SI phase, the following frequency re-use factor options were considered [3].
· Option 1: FRF = 1. Single BWP and polarization re-use is disabled.
· Option 2: FRF = 3. Three non-overlapping BWP and polarization re-use is disabled.
· Option 3: FRF = 4. Two non-overlapping BWP and polarization re-use is enabled.
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(a) Option 1: FRF = 1 															 (b) Option 2: FRF = 3 															 (c) Option 3: FRF = 4
Figure 2: Illustration of FRF options.
For FRF Options 1 and Options 2, polarization re-use is disabled, thus, cell-specific polarization signalling indication is enough. However, for FRF Options 3, polarization re-use is enabled, thus, SSB-specific (i.e., beam specific) polarization signalling indication is needed. Thus, if polarization re-use is supported to support FRF = 4, at least SSB-specific polarization signalling indication is needed.
Proposal 7: If polarization re-use is supported (e.g., to support FRF = 4), at least SSB-specific polarization signalling indication is needed.

For FRF Options 1 and Options 2, if only linear polarization is considered, the polarization indication can be omitted, i.e., if the polarization indication is not present, UE may assume linear polarization is used.
Proposal 8: If the polarization indication is not present, UE assumes linear polarization is used.

For SSB-specific polarization signalling indication, the following options can be considered.
· Option 1: implicit indication.
· Option 2: explicit indication with cell specific system information, i.e., repeating a list of polarization indications across beams.
· Option 3: explicit indication with beam specific system information, i.e., different beam specific SIB may carry different beam specific polarization indication.
Proposal 9: If SSB-specific polarization signalling indication is supported, at least one of the following options is considered.
· Option 1: implicit indication.
· Option 2: explicit indication with cell specific system information, i.e., repeating a list of polarization indications across beams.
· Option 3: explicit indication with beam specific system information, i.e., different beam specific SIB may carry different beam specific polarization indication.
Polarization signaling in UE-specific RRC
Polarization signaling indication for non-serving cell in UE-specific RRC may reduce the UE RRM measurement complexity, and it is beneficial to RRM and handover. Thus, it can be supported.
Proposal 10: Support polarization information indication for non-serving cell in UE-specific RRC.
Polarization multiplexing
In our view, there is only one polarization per SSB. If SSB-specific polarization signalling indication is supported, polarization multiplexing can be naturally realized, i.e., from the network perspective, a network may transmit/receive multiple streams in a time-frequency resource with different polarization types in the different satellite beams, wherein,
· The multiple streams may target/from different UEs (inter-UE polarization multiplexing) from different satellite beams;
· or, the multiple streams may target/from a same UE (intra-UE polarization multiplexing), if a UE located in the overlapped coverage region of two adjected satellite beams with different polarization types.
Observation 2: If there is only one polarization per SSB, and if SSB-specific polarization signalling indication is supported, polarization multiplexing can be naturally realized.
Conclusions
In this contribution, we share our share our view on some other aspects for NTN. The observations and proposals are summarized as follows:
Observation 1: When the acceptable time interval when some UE is not served by the correct beam is considered, the coverage range of UE group to be synchronously trigged by gNB for beam switching may be quite limited.
Observation 2: If there is only one polarization per SSB, and if SSB-specific polarization signalling indication is supported, polarization multiplexing can be naturally realized.
Proposal 1: If gNB dominant Beam switching relying on prediction on gNB side is supported, at least UE location report is needed.
Proposal 2: If gNB dominant Beam switching relying on prediction on gNB side is supported, in addition to UE location report, more network indications can be considered, such as,
· A sequence of beam configuration
· Switching time for the sequence of beams
Proposal 3: Association of NR BWP with NR beam is not needed.
Proposal 4: For beam management in NR-NTN, the motivation of BWP triggering for a group of UE needs more clarification.
Proposal 5: For the deployment scenario with multiple beam per cell and frequency reuse >1, at least support beam measurement on multiple RS associated with different beams within a same active BWP.
Proposal 6: For the deployment scenario with multiple beam per cell and frequency reuse >1, beam measurement on multiple RS associated with different beams within across BWPs can be further studied.
Proposal 7: If polarization re-use is supported (e.g., to support FRF = 4), at least SSB-specific polarization signalling indication is needed.
Proposal 8: If the polarization indication is not present, UE assumes linear polarization is used.
Proposal 9: If SSB-specific polarization signalling indication is supported, at least one of the following options is considered.
· Option 1: implicit indication.
· Option 2: explicit indication with cell specific system information, i.e., repeating a list of polarization indications across beams.
· Option 3: explicit indication with beam specific system information, i.e., different beam specific SIB may carry different beam specific polarization indication.
Proposal 10: Support polarization information indication for non-serving cell in UE-specific RRC.
References
1. [bookmark: _Ref83721263][bookmark: _Ref78914251][bookmark: _Ref71203205][bookmark: _Ref71215913][bookmark: _Ref60817485][bookmark: _Ref53511370][bookmark: _Ref53511278][bookmark: _Ref53491160][bookmark: _Ref30757894][bookmark: _Ref23496549][bookmark: _Ref533782101][bookmark: _Ref521313643][bookmark: _Ref521162878][bookmark: _Ref505867252][bookmark: _Ref505807368]Chairman's Notes RAN1#106-e, August 16th – 27th, 2021.
1. [bookmark: _Ref83743633]R1-2108517, “Summary#2 of 8.4.4 Other Aspects of NR-NTN”, August 16th – 27th, 2021.
1. [bookmark: _Ref83755920]TR 38.821, Solutions for NR to support non-terrestrial networks (NTN) (Release 16), V16.1.0.
- 1/1 -
image2.emf
v

v

earth

A

Sat (t)

Sat (t+δ)

R

H

R

H

θ(t)

B

C

D

L


Microsoft_Visio_Drawing1.vsdx
v
v
earth
A
Sat (t)
Sat (t+δ)
R
H
R
H
θ(t)
B
C
D
L



image3.png
system frequency bandwidth

(—A—\
_ I

frequency

Beam #1

Beam #6 Beam #2

Beam #5 Beam #3

Beam #4





image4.png
system frequency bandwidth

A .

frequency

Beam #1

Beam #5 Beam #3




image5.png
system frequency bandwidth

|
[ )
m frequency

. =

Beam #4





image1.emf
Beam B Beam A

UE 1

UE 2 UE 3

v

L


Microsoft_Visio_Drawing.vsdx
Beam B
Beam A
UE 1
UE 2
UE 3
v
L



