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Discussion

Solution #10 proposes to control cell reselection by broadcasting network reliability group (NRG) information in System Information. Cells sharing the same physical infrastructure broadcast the same NRG information. UEs that comprise a host as per Solution #2 should prioritize cells during the cell (re)selection process based on the NRG information. The outcome should be that the UEs are camping on cells that do not share the same physical infrastructure. When UEs connect to a network, the network has a full control over the UE’s mobility and resource allocation. It should be assumed that UE provides reliability group information explicitly to the network even for Solution #2 in a similar way as redundancy sequence number is provided in Solution #1. In fact, Solution #1 and Solution #2 differ only in the provisioning of redundancy information which is proposed to be done either per UE or per PDU session respectively. The network should ensure using the redundancy information that redundancy paths do not use the same physical infrastructure based on the UE’s reliability group as per Solution #2. Please note, the network does not need to know whether two UEs belong to the same host or not.
The cell reselection evaluation process can be controlled by reselection priorities [1]. The network can control cell reselection process of each UE individually by providing dedicated cell reselection priority information in RRCRelease message. The network can control the validity of dedicate cell reselection information optionally by providing a value for the T320 timer (5 – 180 min). UE discards the cell reselection priority information upon expiry of T320. We evaluate the cell reselection process with dedicated priorities as already standardized alternative to Proposal #10 based on example deployments.
Figure 1 shows that if all frequencies available in the system are used by one gNB in a given location then it is not possible to provide redundant paths over multiple gNBs. 

Observation: Frequency planning between gNBs is necessary to provide redundancy.  
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The frequency planning in the system could be a) uniform in network (Figure 2), b) uniform in a portion of network (Figure 3), or c) changing as frequently as cell boundaries (Figure 4). In the case of uniform frequency planning, the only issue with cell reselection based on dedicated cell reselection priority information is that the procedure cannot be used for initial cell selection. Once the UE completes initial cell selection and registers with the network, the network can provide dedicated cell reselection information based on redundancy information UE provided to the network.

Observation: Cell reselection based on dedicated cell reselection priority information provides the same functionality in system with uniform frequency planning as cell reselection based on broadcast NRG except for the initial cell selection.
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When the frequency planning is not uniform on all frequencies in the whole network but only in its portions, then there are border areas where the frequency allocation changes. However, we assume that there are still some frequencies in the network which are uniformly used through the network. The network should provide a higher priority to these frequencies over the frequencies for which the allocation to gNB1 and gNB2 changes. This way the possibility of reselection from a cell of gNB1 to a cell gNB2 can be reduced.

Observation: If the frequency allocation is not uniform for all frequencies, the frequencies that are not shared between gNBs providing redundancy paths should have the highest reselection priority and thus the possibility of UEs’ reselection to cells controlled by one gNB can be minimized.
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A deployment scenario in which frequency allocation among gNBs providing redundancy paths is illustrated on Figure 4. Cell reselection based on dedicated cell reselection priority information is not a feasible solution for such deployments. It should be also noted that broadcasting NRG in System Information is not complete solution for such deployment as shown on Figure 4 either because the UE does not have any information about frequencies where it should expect cells belonging to an NRG. The UE would be required to search for cells broadcasting an expected NRG on all neighbouring frequencies, possibly based on priority information anyway. If it is deemed necessary to support this deployment scenario efficiently, then information about NRG used by neighbouring cells should be provided in System Information.
Observation: Deployments with frequently changing frequency allocation among NBs providing redundancy paths cannot be efficiently addressed by cell reselection with dedicated cell reselection priority information. Broadcasting only supported NRG(s) in System Information may lead to inefficient cell search and providing information about NRGs used by neighbouring cells should be considered.       
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Proposal: It is proposed to include the provided analysis and observations in the evaluation of Solution #10.
[1] 3GPP TS 38.304, “User Equipment (UE) procedures in Idle mode and RRC Inactive state”

*** Start Change ***

6.10
Solution #10 for Key Issue #1: Multiple UEs per device for user plane redundancy with broadcast Network Reliability Group
6.10.1
Description

This solution is a variant of Solution #2 for Key Issue #1 (see clause 6.2). Only the differences compared to Solution #2 are described in this clause.

To enable the UEs in the same device to select cells not sharing the same physical infrastructure (e.g. site, power supply, backhaul links), reliability groups are defined and configured by the operator, but (unlike Solution #2), these pertain only to the network and are broadcast by the gNBs in System Information. They are called Network Reliability Group (NRG). The operator may define a large number of NRGs (e.g. one NRG correspond to a set of cells either sharing their backhaul link), and each of the UEs in the device is not bound to a specific NRG. The UEs in the device coordinate with each other so that they do not camp on cells broadcasting the same NRG.

NRG are assigned according to the risk modelling of the network infrastructure. When two cells have different NRG values, the network operator provides the guaranty that there no shared risk in the infrastructure. When two cells have the same NRG value, there is a possibility of shared risk / common point of failure in the network infrastructure, e.g. a shared backhaul link.

The assumptions of Solution #2 apply, expect the following:

-
To ensure that the two UEs connect to different gNBs, the gNBs need to operate such that the selection of gNBs can be distinct from each other (e.g. gNBs operating in different frequencies etc.).
The NRG of the RAN (cells of gNBs) entities are configured by the OAM system in RAN. It is possible for gNBs to learn the reliability group neighbouring cells as the Xn connectivity is set up.

The NRG parameter of each cell is broadcast by the gNB, and each UE in the device stores this information and communicates it to the other UEs in the same device, so each UE in the device has knowledge about the NRG used by the other UEs. Each UE then provides NRG about the other UEs and its own to its RAN node via RRC. This will avoid selecting a cell broadcasting one of these NRGs, for initial Registration and idle-mode mobility.

At device manufacture, the UEs in the device are assigned a rank: e.g. UE1, UE2, UE3, etc. When the device is started, first UE1 performs network selection normally. Then UE2 performs network selection and down-prioritizes cells broadcasting the NRG selected by UE1. Then UE3 performs network selection and down-prioritizes cells broadcasting any of the NRGs selected by UE1 or UE2. Etc.

It follows that the device is always using cells belonging to different NRGs (as long as redundant RAN coverage is available), without the need for the gNB to redirect the UE to another cell.

For connected mode mobility, each UE of the device informs the serving gNB of the NRG used by other UEs of the same device (e.g. along with measurement reports), and the serving gNB down-prioritizes candidate target cells that belong to NRGs already used by the device. It follows that the UE is preferably handed over only to cells in a way to preserve the diversity of NRGs for the device.

6.10.2
Procedures

RAN has its own NRG parameter configured into the gNBs on a per cell basis and broadcasts it in System Information. gNBs may learn the RAN NRG parameter of the neighbouring cells.

The Registration procedure is unchanged.

The RAN connected mode mobility handling is extended as follows.

-
UE informs the serving gNB of the NRGs used by other UEs of the same device (e.g. along with measurement reports)

-
RAN node down-prioritizes handover targets whose NRG is used by other UEs of the device.

6.10.3
Impacts on Existing Nodes and Functionality

SMF, UPF, PCF/BSF impacts: see clause 6.2.3.

RAN impacts:

-
OAM configuration of the NRG on a per cell level.

-
Addition of NRG to System Information.

-
RRC: gNB obtains the NRGs used by other UEs of the same device (e.g. along with measurement reports).

-
gNB down-prioritizes handover targets whose NRG is used by other UEs of the device.

Subscription impacts: none.

AMF impacts:

-
Forward the relevant indications between RAN and SMF (not related to NRG but to Solution 2).

UE impacts:

-
Support of multiple UEs per device.

-
UE reads the NRG in System Information

-
UE interacts with other UEs in the device so that each UE knows the NRGs already used by other UEs.

-
UE selects the cell based on NRG information.

-
UE informs the serving gNB of the NRGs used by other UEs of the same device (e.g. along with measurement reports).

6.10.4
Solution Evaluation
In principle, this solution proposes a method based on NRG for cell reselection control. The method should be evaluated as an alternative to the cell reselection evaluation process using cell reselection priorities [1]. The network can control cell reselection process of each UE individually by providing dedicated cell reselection priority information in RRCRelease message. The network can control the validity of dedicate cell reselection information optionally by providing a value for the T320 timer (5 – 180 min). UE discards the cell reselection priority information upon expiry of T320. The cell reselection process with dedicated priorities is evaluated as already standardized alternative to Proposal #10 based on example deployments.

The frequency planning of network providing redundancy via distinct radio access network elements could be a) uniform in network (Figure 6.10.4.1), b) uniform in a portion of network (Figure 6.10.4.2), or c) changing as frequently as cell boundaries (Figure 6.10.4.3). In the case of uniform frequency planning, the only issue with cell reselection based on dedicated cell reselection priority information is that the procedure cannot be used for initial cell selection. Once the UE completes initial cell selection and registers with the network, the network can provide dedicated cell reselection information based on redundancy information UE provided to the network. Cell reselection based on dedicated cell reselection priority information provides the same functionality in system with uniform frequency planning as cell reselection based on broadcast NRG except for the initial cell selection.
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Figure 6.10.4.1 – Uniform frequency planning
When the frequency planning is not uniform on all frequencies in the whole network but only in its portions, then there are border areas where the frequency allocation changes. However, we assume that there are still some frequencies in the network which are uniformly used through the network. The network should provide a higher priority to these frequencies over the frequencies for which the allocation to gNB1 and gNB2 changes. This way the possibility of reselection from a cell of gNB1 to a cell gNB2 can be reduced.

If the frequency allocation is not uniform for all frequencies, the frequencies that are not shared between gNBs providing redundancy paths should have the highest reselection priority and thus the possibility of UEs’ reselection to cells controlled by one gNB can be minimized.
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Figure 6.10.4.2 - Uniform frequency planning in a portion of network
A deployment scenario in which frequency allocation among gNBs providing redundancy paths is illustrated on Figure 6.10.4.3. Cell reselection based on dedicated cell reselection priority information is not a feasible solution for such deployments. It should be also noted that broadcasting NRG in System Information is not complete solution for such deployment as shown on Figure 6.10.4.3 either because the UE does not have any information about frequencies where it should expect cells belonging to an NRG. The UE would be required to search for cells broadcasting an expected NRG on all neighbouring frequencies, possibly based on priority information anyway. If it is deemed necessary to support this deployment scenario efficiently, then information about NRG used by neighbouring cells should be provided in System Information.

Deployments with frequently changing frequency allocation among NBs providing redundancy paths cannot be efficiently addressed by the cell reselection with dedicated cell reselection priority information. Broadcasting only supported NRG(s) in System Information may lead to inefficient cell search and providing information about NRGs used by neighbouring cells should be considered.
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Figure 6.10.4.3 - Frequent changes in frequency allocation between gNBs

The following can be concluded based on the evaluation. The cell reselection based on dedicated cell reselection priority information, which is provided by the network based on the redundancy information of UE (or PDU session), is a feasible solution that can achieve the same functionality as Solution #10 in deployments when frequency allocation for provisioning redundancy in radio access network is coordinated so that there is at least partial uniform frequency planning (i.e. at least one frequency exists that is not shared by redundant hardware).

Figure � SEQ Figure \* ARABIC �1� - Frequency planning for redundancy is required





Figure � SEQ Figure \* ARABIC �2� - Uniform frequency planning





Figure � SEQ Figure \* ARABIC �3� - Uniform frequency planning in a portion of network





Figure � SEQ Figure \* ARABIC �4� - Frequent changes in frequency allocation between gNBs
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