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1 Introduction

In RAN1#103e meeting, additional enhancements for NTN including beam management, polarization indication, etc. have been discussed with following agreement [1].

Agreement:

Indication of polarization information for DL and UL by the network is supported. 

· FFS: Signaling details

In this contribution, the remaining details and additional consideration for the system information signaling are discussed with possible solutions.

2 Polarization indication
2.1 Polarization per beam indication from gNB
In a typical LEO system, frequent beam switching is needed even for a stationary UE on ground. Once the polarization is used in resource reuse scheme, the indication of polarization information for each beams would be beneficial along with the beam selection/switching. For example, known polarization of the target beam would help a UE to complete its beam switching more quickly without blind try on polarization and also helpful to identify the best beam during measurement by “mitigating” the RSRP difference due to polarization loss. 

W.r.t the detailed solution for signalling, following two typical beam layouts (shown in Figure 1) should be considered:
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Figure 1 Illustration of beam layout
1. As shown in Figure 1(a), same beam layout is assumed for BWP0 (for SSB and all common channel) and BWPx (for data transmission). Then, for each beam at gNB side, simultaneous transmission/reception will be expected on up to two BWPs (i.e., BWP0 and BWPx) with same operation for frequency offset compensation. The same link budget/beam gain can be ensured for SSB/common channel and data. With this kind of beam layout, the polarization information of a beam can be implicitly indicated to UE in a beam-specific manner via directly mapping the SSB to polarization. During the initial access, UEs will measure the SSB blindly without knowledge of polarization. After successful access, the polarization mapping rule is known by the UE. An simple example is to map the even and odd SSB indexes to different polarization, e.g., LHCP and RHCP, respectively. Thus, no additional signalling is needed to specify the polarization information used in the corresponding beam.

2. As shown in Figure 1(b), hierarchical beam layout for different BWPs are assumed. More, specifically, an umbrella beam with larger beam size is allocated to the BWP0 (including all SSBs and all common channel) to cover all target region of one cell. Since all SSBs are transmitted in the cell-level beam (i.e., the umbrella beam), the same polarization is used by all SSBs (e.g., as special case that mapping all SSB to same polarization). In this way, additional configuration of the polarization for each channel/RS or BWPx carrying the data delivered in corresponding beam is needed. 
Proposal 1: Polarization indication in beam level should be supported.

Proposal 2: Indication of polarization per beam can be implicitly supported by a mapping rule between the SSB index and the polarization.
2.2 Polarization capability reporting from UE 
According to the study for NTN [6], UEs with different polarization capabilities (e.g., some UEs may have limited polarization capability) will co-exist in same network. To guarantee good performance for each UE with optimized scheduling (e.g., polarization indication to enable the adaptation at UE side), the polarization capability of a UE should be reported to gNB via the existing UECapabilityInformation message, which includes the supported polarization type for transmission and reception, respectively. 

To be more specific, the supported polarization type at UE side may include {linear polarization, cross linear polarization, LHCP, RHCP, flexibility}. For example, some VSAT UEs may be equipped with independent transmission/reception RF chains and antennas to support different polarization in the transmitting and receiving direction, respectively. 

Furthermore, the polarization capability includes the capability of supporting adjustable polarization for transmission and reception, respectively. For some UEs, it may also be able to synthesize circular polarization via linear polarization. This polarization capability should be reported to the gNB to facilitate possible scheduling optimization.

Meanwhile, for those UEs supporting both RHCP/LHCP, the gNB can use this to mitigate interference. A gNB can indicate UE the circular polarization direction used in UL/DL transmission. After a UE receives the indication from the gNB to change its polarization, the gNB shall allow a transmission gap before the UE’s polarization change taking effect. The required gap is mainly up to the UE capability for RF tuning, further discussion on the detailed value is needed.

Proposal 3: The supported polarization type for transmission and reception at UE side should be reported to the gNB.
2.3 Co-scheduling of UEs with limited polarization capability

If the gNB has information about all UEs’ polarization capability, the UEs can be served in group-specific according to their polarization capability. Practically, gNB can schedule the UEs with different polarization capability in a given beam in TDM manner. For example, the gNB can indicate to a LHCP-only UE with an extra TDM period to realize semi-static persistent (SSP) DL/UL grant. And the gNB can indicate to a LHCP-only UE with an extra TDM period to realize periodic break in its repetition-based transmission. 
Proposal 4: Time division multiplexing (TDM) at gNB can be used to serve UEs with different polarization capability in a given beam. 

3 Beam management

In LEO scenarios, the movement of satellites leads to time-variant serving beam for a UE on ground, especially for the case with earth-moving beams. Comparing to handover based solution to deal with the inter-cell switching, the beam management solution for the NTN cell with multiple beams is more desirable from the viewpoint of signaling cost, power consumption and latency.
3.1 Beam management enhancement
In LEO scenarios, both earth-moving beam and earth-fixed beam are to be supported. If earth-moving beam is used, the beams of a satellite sweep across the covered area with the movement of the satellite along its orbit. A fixed UE on ground experiences gradual signal strength change during the movement of beams. However, for the earth-fixed beam, a satellite will use the advanced antenna to form steerable beams to the target areas. The potential beam switch only occurs once the other criteria are satisfied, e.g., the elevation to the serving satellite is too small, instead of signal strength based decision, which will lead to the unnecessary measurement, e.g., RSRP, within certain duration. With consideration on the different characteristics, potential beam management enhancement for earth-moving beam and earth-fixed beam can be considered:

· gNB dominated beam management
In current NR specification, the beam management mainly refers to the training to obtain the best beam at gNB and UE side. In NTN case, the same mechanism for beam selection at UE side can be directly reused, at least in moving beam case. 
It means that after link establishment with one gNB beam over corresponding BWP, e.g., BWPx, following the current configuration, a UE can optimize its Tx/Rx beam via measurement of the corresponding DL RSs without changes of BWP, e.g., CSI-RS resource set configured with the higher layer parameter repetition set to 'on' .

However, w.r.t selection on the optimal beam of the serving gNB, enhancements on the existing measurement based solution should be considered. For example, in traditional way, in order to conduct beam sweeping, measurement on corresponding resources are needed by a UE over the same BWP. It means that in case of any resource allocation mode shown in Figure 1, in order to conduct the measurement over different BWPs (i.e., using SSBs), BWP switching from the serving BWP (i.e., BWPx carrying data) to initial one (i.e., BWP0 carrying SSB) will be expected. In this case, common signaling to enable the BWP switching for measurement can be conducted to reduce the overhead since the needs for BM is mainly up to the satellite movement.

As mentioned before, for earth-fixed beam, the beam switching is dominated by the network. The footprint of a satellite using steerable beam varies with elevation change. For example, a nadir beam of 60km diameter changes to an ellipse of 60*175km with the movement of satellite as shown in Figure 2.
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Figure 2 The footprint of a steerable beam with elevation change
In this case, it may be useless for the UE served by one beam to conduct corresponding measurement within certain duration even with corresponding configuration, e.g., periodically CSI-report. Therefore, it is reasonable to reduce/disable the UEs’ measurement on neighboring beam from either same or different satellite during the serving time via either one of following solution:

· The gNB pre-calculates the best serving beam and the corresponding serving time for a given area. Then, the UE can disable its measurement during current beam’s serving time according to the indication from BS including the time.

· If the beam configuration along with satellite ephemeris is broadcasted, a UE can calculate valid time for service. 

· In addition, different periodicity can also be considered for the measurement, e.g., a shorter measurement period can be applied when the serving beam is about to switch and the longer one is used for UE within the duration to handle the potential loss, e.g., LoS – NLoS transition.

As another alternative, the beam-specific Doppler pre-compensation leads to subcarrier misalignment in TDMed SSBs. Therefore additional complexity to tune the frequency offset and polarization (up to the selection of resource reuse mode) is needed at the UE side during SSB based measurement. To further reduce measurement complexity and signaling overhead, measurement-less based enhancement can be considered. With GNSS assumption at UE side, the enhanced beam switching can be conducted directly by gNB when a UE is approaching the beam edge, e.g., the UE-gNB link and beam boresight exceeds certain threshold. Moreover, the UE group-specific switching signaling from gNB is preferred to reduce the signaling overhead.

Proposal 5: To reduce power consumption and signaling cost, measurement can be disabled or be carried out with adaptive measurement period.

Proposal 6: Enhancement on beam management for UE-group based beam switching, can be considered to improve the performance.
· UE dominant beam management

To reduce signaling cost and latency, UE dominant or UE assistant beam switch can be considered. 

For earth-moving beam, the beam switching happens gradually with the movement of satellite. To improve network throughput, resource reuse is generally considered in frequency/polarization/time domain. In Figure 3, a typical 4-color frequency reuse scheme is illustrated. Since the satellite’s speed is much larger than a UE’s, the track of a UE crossing the beams’ coverage can be approximated to a straight line (shown in Figure 3 as project of satellite’s orbit within a short time). In this way, the action for beam switching can be mainly determined by the UE-self or with assistant information report (e.g., location/speed) from UE according to the beam layout information, e.g., valid beams for switching in sequence (shown in Figure 3 as “F1->F3->F2-F4”). More specifically,
a) Option-1: Based on the UE’s track, network can pre-configure the beam switching time along with the beam layout information to the UE. Then, UE can conduct the switching automatically once the timer is satisfied. Such time information can also be replaced by certain geometric parameters, e.g., elevation range or distance between the projections of beam center to UE. 
b) Option-2: With consideration on the potential variant of power due to NLoS issue (i.e., the beam association according to the best RSRP may not be aligned with beam layout), with indicated beam layout information, the UE can conduct the beam switching within the limited set according to signal strength to improve the efficiency.
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Figure 3 An illustration of a UE’s track under a moving satellite
Proposal 7: To reduce signaling cost and latency, UE dominant or UE assistant beam switch can be considered. 

3.2 Mechanism on beam switching
In existing specification, the indication for beam switching is up to the TCI information via either DCI or RRC/MAC CE for different channel [2]

 REF _Ref54273928 \r \h [3]. Meanwhile, as an independent scheme, the changes of BWP is enabled by both timer or DCI based solution. 

For NTN network, the frequency reuse will be conducted in different mode as shown in Figure 1. In this case, each beam can be associated to different resource, e.g., BWP or polarization, via implementation. In this way, we can directly achieve the switching by simply adopting the BWP switching mechanism. In addition, for other case once the polarization is included (e.g., two beams may use the same BWP and different polarization), the TCI indication (e.g., DCI based) can be used in parallel. More specifically, distinguish of beam with different polarization can be achieved via the QCL-chain with the reference signal (e.g., SSB). And the mapping between a reference signal and polarization can be pre-defined as elaborated in section 3.
As another option, the TCI only based solution can also be used to cover the all cases by introducing additional enhancement. For example, we can try to enable the BWP switching directly according to the reception of TCI indication, which is not supported in existing NR. More specifically, the targeted BWP can be determined by the BWP index associated to the reference signaling in TCI configuration. However, in this way, except for the required corresponding specification changes, the number of TCI will be increased to cover all combination and reconfiguration is also needed once the implementation is changed.

Proposal 8: Both BWP switching and TCI indication should be supported parallel to achieve the beam switching.
3.3 Acquisition of system information for NTN
According to the discussion on other issues, it seems that some extra system information (SI) will be considered for NTN [4]

 REF _Ref61185747 \r \h [5]. Among these, following are required timely updates to ensure good performance of system:
1. The position/velocity/time (PVT) of the satellite: As one format to indicate the satellite information to UE for UL pre-compensation, the valid duration of each value highly depends on the satellite types, UE implementation on serving satellite location prediction and accuracy requirements for UL pre-compensation. 

2. The scheduling delay (K_offset): Once only the cell-specific K_offset is only supported for scheduling, e.g., for initial access. The updates of this value will be needed to ensure the efficiency of scheduling along with the changes of serving cell’s coverage, e.g., for LEO satellite with steering beam.
In current NR specification, change of SI only occurs at specific radio frames, i.e. the concept of a modification period is used. The modification period boundaries are defined by SFN values for which SFN mod m= 0, where m is the number of radio frames comprising the modification period. The modification period is expressed in number of radio frames = modificationPeriodCoeff * defaultPagingCycle with range of 640~163840ms. And same modification period is assumed for all SIs. 
However, the NTN specific SI mentioned above needs timely update due to high speed movement of satellites. If the NTN specific SI is updated with a long SI modification period, UE may be failed for network access due to the inaccurate setting, e.g., UL pre-compensation error. If the NTN specific SI is carried by current SIBs with a short modification period to fulfill the corresponding timely update requirement, UEs need to check the update of all SIs with unnecessary power consumption. Therefore it is reasonable to define an NTN specific SIBx with appropriate modification period.

The new NTN specific SIBx may have different contents and updating configurations depends on different scenarios. 

1. For GEO based NTN systems, the PVT and K_offset is relatively stable. So the new SIBx can use the same modification period of existing SIs, with corresponding valueTag indication added in SIB1.

2. For LEO based NTN systems, the required change rate of PVT and K_offset is highly up to the satellite parameter, e.g., Orbit height. For example, in a LEO network with orbit height of 600km, to ensure the accuracy for Doppler and timing compensation, updates of PV(T) are foreseen within the modification period as 163840ms even with algorithm at UE side for satellite position prediction . And corresponding enhancement by coupling this value with system configuration, e.g., orbit height can be considered. More specially, the enhanced modification period is only applicable for the NTN specific SIBx.
3. For HAPS based NTN systems, the PVT and K_offset changes with the movement of air-borne (full/partial) gNB. The speed and trajectory may not be fixed as that in a satellite communication system. In this case, the NTN specific SIBx can be modified aperiodically with corresponding indication in Short Message. 

Proposal 9: NTN specific system information should be defined with appropriate updating configuration.

4 Conclusions

In this contribution, discussion on the polarization indication, beam management and NTN specific system information related enhancement are discussed for NTN. The proposals are listed below.

Proposal 1: Polarization indication in beam level should be supported.

Proposal 2: Indication of polarization per beam can be implicitly supported by a mapping rule between the SSB index and the polarization.
Proposal 3: The supported polarization type for transmission and reception at UE side should be reported to the gNB.
Proposal 4: Time division multiplexing (TDM) at gNB can be used to serve UEs with different polarization capability in a given beam. 

Proposal 5: To reduce power consumption and signaling cost, measurement can be disabled or be carried out with adaptive measurement period.

Proposal 6: Enhancement on beam management for UE-group based beam switching, can be considered to improve the performance.
Proposal 7: To reduce signaling cost and latency, UE dominant or UE assistant beam switch can be considered. 

Proposal 8: Both BWP switching and TCI indication should be supported parallel to achieve the beam switching.
Proposal 9: NTN specific system information should be defined with appropriate updating configuration.
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