3GPP TSG-RAN WG2 Meeting #111
R2-20XXXXX
Electronic, 17 – 28 August 2020
Agenda item:
8.10.3.1 

Source:
ZTE Corporation, Sanechips
Title:
Offline-106: [NTN] Idle mode issues
Document for:
Discussion & Decision

1 Introduction

This is a summary of the following offline discussion on idle mode issues for NTN:

·  [AT111][106][NTN] Idle mode issues (ZTE)
Scope: Discuss the proposals in R2-2006872, R2-2006973, R2-2007171 and proposals 1 and 2 in R2-2007574. The intention is to identify design alternatives, collect company views and, whenever possible, also narrow down the proposals.
Initial intended outcome: summary of the offline discussion with e.g.:

· List of agreeable proposals (if any)

· List of proposals that require online discussions
Initial deadline (for companies' feedback): Thursday 2020-08-20 16:00 UTC

Initial deadline (for rapporteur's summary in R2-2008187): Thursday 2020-08-20 18:00 UTC

This document covers the following contributions submitted to RAN2#111-e meeting:

R2-2006872
Consideration on system information and cell (re)selection in NTN
ZTE corporation, Sanechips
discussion
Rel-17
NR_NTN_solutions-Core

R2-2006973
IDLE mode procedure
Qualcomm Inc
discussion
Rel-17
NR_NTN_solutions-Core

R2-2007171
Discussion on RRC_IDLE mode issues in NTN
Huawei, HiSilicon
discussion
Rel-17
NR_NTN_solutions-Core

R2-2007574
Considerations on satellite ephemeris
THALES
discussion
Rel-17 NR_NTN_solutions-Core
Companies are invited to provide their views for each issue.
2 Discussion: 
#Issue 1: General principle for cell (re)selection in NTN
In NR, for cell selection, UE follow the S-criterion to select a cell with qualified RX level (RSRP) and RX quality (RSRQ). For cell reselection, UE follow the reselection priority configured via system information or RRCRelease message for each frequency and reselect to the best cell (highest ranked cell based on R-criterion) if the cell is not barred or reserved.
In NTN, the same principle should be kept in general to ensure that UE selects a cell with good RX level and quality while network can control the distribution of users via reselection priority for load balancing and radio resource management [1].
Q1) Do companies agree that the cell selection following S-criterion and cell reselection following reselection priority and R-criterion in NR should be taken as a baseline in NTN?

	Company
	Yes/No
	Comments (if any)

	Huawei
	Yes
	

	Intel
	Yes
	

	Nokia
	Yes
	

	Lenovo
	Yes
	

	Spreadtrum
	Yes
	

	BT
	Yes
	When this is done, the UE shall be capable to identify reselection is for NTN

	Qualcomm
	Yes
	The selected cell should be the suitable cell.


On this basis, some assistance information or further enhancement can be considered to assist or fasten the cell (re)selection procedure so that UE find a suitable NTN cell as soon as possible.
#Issue 2: Ephemeris and location assisted cell reselection

In terrestrial systems, a UE can determine it is near a cell edge due to a clear difference in RSRP as compared to cell centre. Such an effect may not be as pronounced in non-terrestrial deployments, resulting in a small difference in signal strength between two beams in a region of overlap. 
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Figure 1. A sketch of near-far effect in different scenarios: (a) Terrestrial Network; (b) NTN
Ephemeris information and UE location information can be used to help UEs perform measurement, identify cell edge and perform cell selection/reselection accordingly, in addition to PCI and frequency information included in the broadcast system information. 
Thus, it has been proposed to introduce satellite ephemeris and UE location assisted cell selection and reselection [3].
Q2) Do companies agree that satellite ephemeris and UE location assisted cell selection and reselection should be introduced for NTN?

	Company
	Yes/No
	Comments (if any)

	Huawei
	Yes
	

	Intel
	Yes
	Given measurement is not very reliable due large cell size, long propagation delay, signal distribution is very different from TN. In addition to measurement error, using current re-selection may result in high cell reselection rate. Satellite ephemeris and UE location assisted cell selection will certainly help.

	Nokia
	Yes and No
	We think satellite ephemeris could be helpful in cell selection/reselection process, so it shall be broadcasted (FFS in what form). However, we are not so enthusiastic to make the UE location availability a mandatory factor in the cell (re)selection process, which shall still predominantly rely on the radio measurements, not the geographical location of the UE. Another large drawback of such approach is the excessive energy consumption of GNSS if the UE is required to continuously track its position.

	Lenovo
	Yes
	We think ephemeris and UE location assisted cell selection/reselection can be helpful, and prefer to use it optionally as a supplement to legacy rules.

	Spreadtrum
	Yes
	

	BT
	Yes and no
	We share Nokia’s view.
It might be useful satellites share their ephemeris, but it is not clear how this will be done and the periodicity such information is reported. It is our preference cell (re)selection is done based on radio measurements rather than a specific location. 

	Qualcomm
	Yes
	Satellite ephemeris and UE location is helpful, obviously, UE should not consider the cells that belong to out-going satellites as candidates for cell reselection. 


#Issue 3: Network type and scenario indication
UE can be divided into the following categories:

· UE supporting TN only

· UE supporting NTN only

· UE supporting both TN and NTN

TN only UE shall select a TN cell while a NTN only UE shall select a NTN cell. UE supporting both TN and NTN shall be able to select from the two different types of cells as needed. 
Based on the about understanding, it is obvious that awareness of the network type is helpful for UE supporting or with preference for a specific network type to find a suitable cell during cell selection and reselection procedure.
With regards to how to identify the network types, the following solutions can be considered:

· Implicit network type indication: Allocate specific PCI, PLMN ID, or frequency band for NTN cell.
· Explicit network type indication: Per cell or per frequency network type indication in system information.

In NR, there are 1008 unique physical-layer cell identities (PCI) and each PCI is linked to a specific synchronization signal sequence. Reserving part of the 1008 PCIs for NTN will take up the resources in TN while defining new PCIs requires considerate investment in RAN1 to define new synchronization signal sequences, which is not preferable at least in this release.

As mentioned in TR38.821, using common PLMN ID for NTN cells and TN cells is not precluded. Thus, UE cannot rely on the PLMN ID to differentiate the network type.

 “Deployment of PLMNs with specific PLMN IDs for NTN cells and TN cells, or between different type of NTN platforms (GEO or LEO), is considered as a preferred option, however the configuration of common PLMN identities is not precluded.”
Whether to allocate specific frequency band for NTN/LEO/Non-GEO/LEO network should be discussed and decided in RAN4, which is totally out of RAN2 scope.

With the above consideration, proving a network type indication per cell or frequency via system information is preferable as it is a pure RAN2 solution without impact in other working groups.
Thus, it has been proposed to broadcast network type indication (e.g. connectToNTN) in system information to assist cell selection and reselection [1] [3].
Q3.1) Do companies agree that network type indication (e.g. connectToNTN) should be broadcast for NTN cell?

	Company
	Yes/No
	Comments (if any)

	Huawei
	Yes
	If the consensus of Q3.2 is “Yes”, then the indication in Q3.2 is enough, we don’t need two-fold indications.

	Intel
	Yes
	

	Nokia
	No
	There are other means to achieve that, e.g. NTN-specific PLMNs or dividing the PCI pool for NTN and TN. Alternatively, the presence of NTN-specific SIB can imply the cell is of NTN type. In addition, we wonder if there is any justified business case to consider NTN-only UEs? 

	Lenovo
	No strong opinion
	E.g. presence of ephemeris can be an implicit indication of NTN network type (also LEO or GEO). We see no clear reason to indicate network type in an explicit way.

	Spreadtrum
	No
	It can be implied by other essential information needed for NTN, such as the offset to start RAR window.

	BT
	Neutral
	Implicit indication is our preference, but we don’t agree parameters like PLMN, PCI or frequency should be used for this purpose at this stage. A dedicated NTN-only SIB should be studied in scenarios where operators don’t support NTN.

	Qualcomm
	No
	We think the better way is to provide such indication via SSB/MIB, for example, different PBCH scrambling. It is because the NR UEs should not be impacted and not required to attempt to acquire MIB/SIB1 of NTN cell.
Just take example how MIB-MBMS and MIB in LTE are distinguished.


Furthermore, due to the different characteristics of the NTN scenario (e.g. GEO cell with wide coverage and LEO cell with low latency), UE may have preference for one specific scenario during cell selection and reselection.
Thus, it has also been proposed to broadcast the NTN scenario (e.g. GEO or LEO) to assist cell selection and reselection [1] [3].
Q3.2) Do companies agree that NTN scenario (e.g. GEO or LEO) should be broadcast for NTN cell?

	Company
	Yes/No
	Comments (if any)

	Huawei
	Yes
	It can be indicated in the SIB whether it is a GEO cell, or LEO with fixed beams, or LEO with moving beams, because there may be some scenario-specific solutions. For example, the frequent cell reselection is mainly the issue of moving beam case, and the varying RTT is more severe in fixed cell case.

	Intel
	Maybe
	If the cell location and coverage area including moving beam information are provided, the type of GEO/LEO may not be needed since the information is enough. However, if such detail information is not given. Then I agree at least GEO/LEO should be indicated.

	Nokia
	No
	No need for such specific information given explicitly, if the ephemeris will be provided in SIB anyway.

	Lenovo
	No strong opinion
	See reply for Q3.1. Indication of fixed/moving LEO can be useful.

	Spreadtrum
	No
	It can be implied by other essential information needed for NTN, such as the offset to start RAR window.

	BT
	No
	In order to differentiate among GEO and LEO, it is our understanding this can be done with implicit indication.
For LEO, the UE should operate in a transparent way no matter if moving or fixed beams are implemented.

	Qualcomm
	Yes
	Not clear if the indication of at least LEO fixed or moving cell or HAPS can be implicitly known from SIB1.


#Issue 4: NTN specific reselection priority

The cell reselection priority can be provided to UE via system information or RRCRelease message so that UE will be guided to frequency with higher priorities. From UE’s perspective, it may rank the cells in frequencies with highest priority based on R-criterion and read the system information of the highest cell to see if it is suitable to camp on. 
For the common reselection priority in system information, network broadcast it without knowing the supported network type of UE. For a TN cell, it may configure a TN only frequency with highest priority while UE supporting both NTN and TN will be guided to that frequency and get tracked in TN only frequencies while it could have reselect to a NTN cell at its own will.

Thus, it has been proposed to provide NTN specific cell reselection priorities [1]. TN only UE will follow the legacy reselection priority for TN cells while NTN only UE will follow the NTN specific reselection priorities in which frequencies with NTN cells are prioritized so that both types of UE can find a suitable cell quickly. For UE supporting both TN and NTN, a default reselection priority set (e.g. the legacy reselection priority for TN or the reselection priority for NTN) can be defined or configured for UE to apply.
Q4) Do companies agree that NTN specific cell reselection priority should be introduced?

	Company
	Yes/No
	Comments (if any)

	Huawei
	No, but
	We think introducing an NTN-specific reselection priority is not necessary. If the cell wants to treat NTN capable UEs and non NTN capable UEs differently, the UE-specific priority can be used.
However, another notable issue is that: the NTN cell has a large coverage, and a single set of cell reselection priority may not fit UEs in different places of the NTN cell since they could be in different TN coverage and have different neighbour frequencies.

	Intel
	Yes
	We think it is useful to have NTN specific cell reselection priority as the cell coverage is very different from TN. Even different cells within NTN will have different behaviour as in TN. So be able to separate the two is useful.

	Nokia
	No
	If there will be NTN-specific PLMN then no need for such dedicated NTN priorities. In any case, the NW can configure higher priorities for NTN cells in RRC Release (knowing it is an NTN-capable UE).

	Lenovo
	No
	Frequency priorities can be sufficient as NTN and TN operate on different bands.

	Spreadtrum
	No
	It is sufficient to use available mechanisms.

	BT
	Yes
	The coverage provided by NTN is completely different from TN and current procedure might not be sufficient.

	Qualcomm
	No
	Existing mechanism for frequency priorities should be sufficient. Anyway, according to WID, TN/NTN service continuity should be discussed later.


#Issue 5: Provision of satellite ephemeris

The satellite ephemeris data contains the information about the orbital trajectories of artificial satellites. UE with capability on timing and frequency pre-compensation can derive the satellite location based on the ephemeris data and perform time and frequency pre-compensation accordingly. Thus, it has been proposed to provide the satellite ephemeris to UE [1] [3] [4].
Q5.1) Do companies agree that the satellite ephemeris should be provided to UE?
	Company
	Yes/No
	Comments (if any)

	Huawei
	Yes
	It facilitates the UE to calculate timing advance, and enables some solutions to reduce neighbour cell measurements.

	Intel
	Yes
	We think this is extremely useful for many features for NTN to assist UE to get TA, cell reselection, HO etc.

	Nokia
	Yes
	Resolution/accuracy and the update rate still needs to be defined. 

	Lenovo
	Yes
	Ephemeris helps in many issues including mobility.

	Spreadtrum
	Yes
	

	BT
	Yes
	We agree with Huawei and Intel. The fact the UE knows the ephemeris will help to TA.

	Qualcomm 
	Yes
	We agree ephemeris is needed for UEs in both RRC_IDLE and RRC_CONNECTED.


Before discussing the signaling details of satellite ephemeris provision, we should make it clear what kind of information will be provided to UE, i.e. the format of the satellite ephemeris.
As captured in TR38.821, there are different possible formats of ephemeris data:

· Option 1: Orbital parameters (including orbital plane parameters and satellite level parameters). A description table for the orbital parameters and the corresponding illustrations are as below.
Table 1: Essential Elements of Ephemeris

	Orbital plane parameters
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	Square root of semi major axis（semi-major axis）
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	Eccentricity（eccentricity）
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	Inclination angle at reference time（inclination）
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	Longitude of ascending node of orbit plane（right ascension of the ascending node）
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	Argument of perigee（argument of periapsis）

	Satellite level parameters
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	Mean anomaly at reference time（true anomaly and a reference point in time）
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	Ephemeris reference time（the epoch）
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Figure 2: Satellite Orbit and Keplerian Elements

· Option 2: The satellite location in coordinates (x, y, z), e.g. ECEF coordinates. For anything else than GEO, additionally a velocity vector (vx, vy, vz) and again a reference point in time are needed.
Q5.2) For the satellite ephemeris format, which option do companies prefer?

· Option 1: Orbital parameters (including orbital plane parameters and satellite level parameters).

· Option 2: The satellite in coordinates (x, y, z), e.g. ECEF coordinates.
	Company
	Option 1 or 2
	Comments (if any)

	Huawei
	Option 1
	As pointed out in TR 38.321, the drawback of coordinates is that UE is prevented from extrapolating the satellite track for more than a very short time into the future. Since a LEO satellite moves very fast, the given position (x, y, z) may be outdated in a short period of time. 
With Option 1, if the parameters of multiple orbits are provided to the UE, UE can also predict the location of neighbour cells. However, with Option 2, the network needs to provide and update the neighbour cell positions as well, making the overhead even larger.

	Intel
	2 or 1
	We slightly prefer 2

	Nokia
	Option 1
	These are classical parameters. How accurately these parameters need to be signalled has to be addressed, considering UE’s location imperfections, etc. For NTN access, ephemeris data may need to be complemented by the beam layout used by each satellite. This may be especially useful for earth-fixed cells.

	Lenovo
	Option 1
	At least the orbital plane parameters can be the same and stable for a group of satellites operating on the same orbit. So a UE may not need to obtain (part of) ephemeris if there is no update. ECEF coordinates change over time making it inefficient for provision.

	Spreadtrum
	Option 1
	Agree with HW

	BT
	Option 1
	These are the parameters required to track the satellite.

	Qualcomm
	Both option 1 and 2
	In our understanding, keplerian parameters will not provide the accurate satellite position. Additional parameters, like polynomial co-efficient or satellite position/velocity for extrapolation of the satellite position in future are needed with a certain degree of accuracy.

Therefore, the option 1 is long term information to be provided with larger periodicity while the option 2 can be provided with shorter periodicity. To save power, the UE should not acquire such information frequently.


#Issue 6: Introduction of NTN specific SIB
As described in WID [5], additional assistance information specifically for NTN, for example, satellite ephemeris, pre-compensation offset, initial BWP configurations for multiple beams is needed to be broadcast in the system information to help UE in satellite measurements and cell reselection. The information can be specific to satellite or cell. 
Some satellite specific information, e.g., RTD variation and ephemeris, may be decoupled with the cell specific system information and scheduled periodically, though it is possible to carry it in existing SIB, e.g., SIB9 which contains information related to GPS time and Coordinated Universal Time (UTC). This is because the continuous change in satellite specific information does not need to trigger UE to acquire the existing SIBs, i.e., SIB1/SIB9. In this case, it is more efficient if a new SIB is introduced for satellite specific information.
Thus, it has been proposed to introduce a new SIB to carry the satellite specific information [2] [4].

Q6) Do companies agree that a new SIB should be introduced to carry the satellite specific information?

	Company
	Yes/No
	Comments (if any)

	Huawei
	No strong view
	Satellite specific information can be included either in SIB9 or a new SIB.

	Intel
	No strong view
	Either way works

	Nokia
	Likely yes
	However, this is a Stage 3 discussion. Firstly we shall decide what needs to be broadcasted and then move to determining if a new SIB is needed.

	Lenovo
	No strong view
	Either way can work.

	Spreadtrum
	No strong view
	Maybe further discussion is needed.

	BT
	Not strong view but
	If a new SIB is introduced for NTN, it is required to study how this affect TN areas where NTN is not supported by operators and if any, avoid any impact.
Considering SIB1 is used by the UE to register into the network, we don’t agree to increase its information for this purpose.

	Qualcomm
	Yes
	The update rates and scheduling does not need to be same as existing SIB.


3 Conclusion: 
3.1 List of agreeable proposals

To be added
3.2 List of proposals to be discussed online

To be added
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