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1 Introduction

In RAN1#104e meeting, additional enhancements for NTN including beam management, polarization indication, etc. have been discussed with following agreement and conclusion [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.
· FFS: Whether separate signaling is needed for the UL and if so, whether or not a same polarization is indicated for DL and UL
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’s movement. 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.

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.

In this contribution, the issues related to the polarization indication and beam management are further elaborated with detailed solutions.
2 Discussion on the polarization
2.1 Assumption on the polarization configuration in implementation

In NTNs, the coverage of a satellite or an airborne vehicle is generally implemented by multiple beams and resource reuse among beams is considered to improve resource efficiency by mitigating the inter-beam/cells interference. Typically, the resource reuse scheme is mainly based on frequency for terrestrial network. And in NTN case, as defined in [2], polarization is also taken as one key aspect to enable a larger resource reuse factor with combination of frequency. In this way, the frequency efficiency is doubled for a given system frequency bandwidth. More specifically, following options are mainly considered in the implementation:

· Option 1: The polarization of a given beam is semi-static in the network configuration as shown in Figure 1. In this way, the allocated frequency resource and polarization per beam is fixed and all UEs should have the full knowledge of polarization of its serving beam to facilitate its following transmission/reception, e.g., to mitigate the polarization loss.
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Figure 1 Illustration of the configuration of resource reuse scheme in semi-static way

· Option 2: The polarization of a given beam can be changed dynamically as shown in Figure 2. In this way, the allocated polarization per beam can be updated over time. Then, in this way, UEs with different circular polarization capability can be scheduled in different period interval based on the collected information of UE’s capability. However, for enabling this functionality, the advanced implementation should be considered at satellite side.
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Figure 2 Illustration of the configuration of resource reuse scheme in dynamic way

In addition, w.r.t the solutions for UE specific adjustment on the polarization, actually, it’s not feasible in NTN case since the even with narrow beams in satellite side, the footprint of  corresponding service will be much larger than the typical terrestrial cell size. Then, in this way, optimization on the transmission per UE is not efficient from system perspective.
Proposal 1: The beam/cell level allocation of polarization information for DL/UL in both semi-static and dynamic way can be considered. 

2.2 Polarization indication
As mentioned before, in order to ensure the transmission/reception is conducted with matched polarization mode, the indication of polarization information from network is preferred. For achieving it, following options can be considered:

· Option-1: The indication of polarization information is conducted for each channel/RS. In this way, it’s assumed that for each transmission, e.g., CSI-RS/SSB or PDSCH/PDCCH, the corresponding polarization information should be explicitly indicated. For achieving it, different level of signalling should be considered. For example, the SIB based solution is preferred for the transmission/reception of common channel. And the RRC based solution is for the channel/RS in semi-static way. For the DG-based scheduling, enhancement on the DCI with including the polarization information is also needed for each transmission of a given UE. However, such solution is not reasonable for NTN case and UE scheduling since the configuration of such information is mainly done in beam level and same condition for all channel for each UE should be assumed as baseline. Otherwise, the traditional mechanism as channel tracking may be failed due to the changes of polarization information. 

· Option-2: The indication of polarization information is only conducted for certain RS. In this way, the polarization information is only explicitly configured for certain RS, e.g., SSB and/or CSI-RS. For other channels, same information should be assumed under the existing framework of QCL information indication. For example, if the polarization information of reference signaling configured in the TCI for one CORESET is RHCP, same polarization should be assumed for the following PDCCH transmission. More specifically, for saving the signaling overhead in SIB, the indication of polarization of SSB can be conducted by only indicating the group factor of SSB, and each group corresponding to different polarization.  For other RSs as CSI-RS, the polarization information can be directly included in its configuration per RS.
As additional methods, with consideration on the impacts for beam switching, the indication of polarization information via common DCI can also be considered to optimize the signalling overhead with flexibility. The DL beam level polarization indication can be a 1-bit field with options of {left hand circular polarization (LHCP), right hand circular polarization (RHCP)} in the common DCI. The UEs use the polarization indication in the common DCI for its DL reception and/or UL transmission after the beam switching.

Proposal 2: W.r.t the polarization information for one serving cell, the SIB based indication for SSB and RRC based configuration for CSI-RS should be supported. The corresponding information for other channels/RS will be derived based on associated QCL information.
Proposal 3: The explicit indication of polarization information via common DCI can be considered to further optimize the signalling overhead.
2.3 UE polarization reporting

As illustrated in Figure 2, with the advanced capability at satellite side, to enable the optimization on the scheduling for each UEs with different polarization capability, the UEs need to report their polarization capability to the gNB. Then, the gNB can divide the UEs into groups and schedule the group of UEs in appropriate polarization period interval. Moreover, even with simultaneously scheduling, the mitigation of interference can also be achieved by grouping the UE into different part based on the polarization information.
The UE’s polarization capability may include one or more of {linear polarization, cross linear polarization, left hand circular polarization (LHCP), right hand circular polarization (RHCP)} for both transmitting and receiving direction shall be indicated, respectively. The capability of supporting adjustable polarization for transmission and reception can also be included. The UE’s polarization capability can be reported to gNB using UECapabilityInformation message, i.e., to add aforementioned polarization capability into UE-NR-Capability information element.

Proposal 4: UE polarization reporting should be supported.
3 Discussion on the beam management

As the conclusion mentioned before, 7 potential remaining issues are needed to be addressed facilitate the performance on beam switching in NTN cases. However, from our perspective, the priority and needs for corresponding issues/optimization should be discussed according to the intrinsic feature of NTN beam and tradeoff between spec impacts and benefits.
In NTN case, since the footprint for each beam is much larger than terrestrial network, which will lead to different distribution on the channel quality and criteria for beam switching. For example, as illustrated in the Figure 3, the distribution of channel quality for a group of UE, which is uniformly distributed within the certain geographic zone has been evaluated with following cases:

· Case-1: LEO-600, FRF=1, area range = 5 km, duration: 10 second, time granularity: 0.2 seconds
· Case-2 LEO-600, FRF=3, area range = 5 km, duration: 20 second, time granularity: 0.2 seconds
[image: image3.wmf]0

1

2

3

4

5

6

7

8

9

10

time (s)

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

S

I

N

R

 

(

d

B

)

SINR vs time (serving beam might change with time)

UE1

UE2

UE3

UE4

UE5

UE6

UE7

UE8

UE9

UE10

[image: image4.wmf]0

2

4

6

8

10

12

14

16

18

20

time (s)

7.2

7.4

7.6

7.8

8

8.2

8.4

8.6

S

I

N

R

 

(

d

B

)

SINR vs time (serving beam might change with time)

UE1

UE2

UE3

UE4

UE5

UE6

UE7

UE8

UE9

UE10


 (a) Case-1                                         (b) Case-2                                      

Figure 3 The illustration of DL SINR experienced by a group of UEs along with the movement of satellite
According to the results shown in Figure 3, it can be observed that similar trend of SINR variation with negligible difference is shared by UE within larger geographic region. In this way, it means that same scheduling strategy can be used and common signalling for addressing the beam switching related behaviour is feasible and beneficial for signalling overhead reduction. And the corresponding group of UE can be done by the network at least based on the collected report of channel conditions. If the location of UEs can be reported to the gNB, the gNB can also group UEs according to their location information. Then, the issue-7 should be prioritized. 
Observation 1: Similar trend on the channel condition is shared by the UEs within a large geographic zone.
Proposal 5: The issue-7 should be prioritized and the common DCI based beam/BWP switching should be supported.
Then, based on indication of common DCI, further optimization beam/BWP switching can also be achieved on following aspect:

· Issue 2: In current specification, the changes of DL and UL BWP is done separately with reception of corresponding DCI format. Such mechanism can still be used in NTN case by gNB’s scheduling. If additional needs for optimization on the flexibility/latency and signaling overhead is urgent, such mechanism can also be achieved by the using the common DCI with limited spec impacts.

· Issue 3: For this issue, by using the common DCI for beam/BWP switching, the fast switching can be achieved by UE to monitor the signaling. Furthermore, to reduce the payload of DCI, the scheduling related information can be precluded in the format for the common DCI.

W.r.t the others,  

· Issue 1: From implementation perspective, in NTN case, if NTN FRF>1 is used, the switching for beams will lead to the changes on the BWP. However, from specification perspective, such functionality can be well supported by existing mechanism based on the BWP switching mechanism. For optimizing the following transmission and reception, the indicating of new TCI can also be configured by network within same signaling, e.g., legacy DCI. In this way, optimization to couple the BWP switching with the changes of TCI is not urgent and benefits on the signaling overhead reduction is limited.
· Issue 4: In NTN case, the DL pre-compensation of Doppler shift is expected in per beam level, which may lead to certain offset between signals. In this way, for achieving the quick synchronization after the switching of beam/BWP, the UEs need to perform re-synchronization. However, such kind of behavior can be achieved by UE’s implementation by conducting the frequency sweeping with certain region. The optimization on this feature is not urgent and if needed, for alleviating the impacts on scheduling and reducing the overhead for potential indication of such value, the frequency offset of the target BWP (for both UL and DL) can be sent to group of UEs for switching via the common DCI.

· Issue 5: In NTN case, even the movement of satellite is highly predicted with relative fixed UE location, the predictable BWP/Beam switching mechanism based on the configured timer may not work well with following considerations:

· According to the current progress in RAN2, the report of UE’s location is still pending. In this situation, the timer based solution is not feasible since the corresponding calculation/estimation on the serving time is not valid.

· Moreover, the determination of beam management should be mainly up to the channel condition, especially with consideration on the LoS/NLoS condition. Then, the timer only based solution will lead to some misalignment on the serving beams.

In order to optimize the beam/BWP switching with harvesting the benefits of predictable feature, the UE dominant way is more straightforward. In this way, with configuration on certain threshold, e.g., elevation angle, or RSRP threshold, the UE will trigger the switching by itself to reduce the additional overhead on the measurement report. 
· Issue 6: In the legacy system, the BWP switching can be triggered by bwpInactivityTimer, RA procedure. Such kind of mechanism can still be valid for NTN without any additional spec efforts. For example, with expire of bwpInactivityTimer, the UE can switch to monitor the default BWP which can be either associated with the signaling beam as shown in Figure 4 (a) or Figure 4 (b). 
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(a)Same beam layout for BWP0 and others          (b) Hierarchical beam layout for BWP0 and others
Figure 4 Mapping among beams and BWPs
Proposal 6: The issue 2 and 3 can be addressed by defining the common DCI for issue 7.

Proposal 7: The issue 1 and 4 should be deprioritized and corresponding function can be handled by scheduling without performance degradation. 

Proposal 8: No additional enhancement is needed for addressing issue 6.

Proposal 9: For issue 5, to achieve the predictable based beam switching, the UE dominant solution should be considered.
4 Conclusions

In this contribution, discussion on the polarization indication, beam management and NTN specific system information related enhancement are discussed for NTN with following observations and proposals:
Observation 1: Similar trend on the channel condition is shared by the UEs within a large geographic zone.
Observation 2: For issue 5, the timer based solution may not work well within consideration on the channel conditions and RAN’s progress on the UE location reporting.

Proposal 1: The beam/cell level allocation of polarization information for DL/UL in both semi-static and dynamic way can be considered. 

Proposal 2: W.r.t the polarization information for one serving cell, the SIB based indication for SSB and RRC based configuration for CSI-RS should be supported. The corresponding information for other channels/RS will be derived based on associated QCL information.
Proposal 3: The explicit indication of polarization information via common DCI can be considered to further optimize the signalling overhead.
Proposal 4: UE polarization reporting should be supported.
Proposal 5: The issue-7 should be prioritized and the common DCI based beam/BWP switching should be supported.
Proposal 6: The issue 2 and 3 can be addressed by defining the common DCI for issue 7.

Proposal 7: The issue 1 and 4 should be deprioritized and corresponding function can be handled by scheduling without performance degradation. 

Proposal 8: No additional enhancement is needed for addressing issue 6.

Proposal 9: For issue 5, to achieve the predictable based beam switching, the UE dominant solution should be considered.
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Appendix
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Figure 5 Illustration on the UE dropping method for simulation
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