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1	Introduction
SA2 has been discussing how URLLC requirement could be met by higher-layer redundant transmission. In particular, the concept of network reliability group (RG) was proposed as two solutions, namely Solution #2 and Solution #10 in TR23.725 [1], wherein a RG correspond to a set of cells sharing the same physical infrastructure (e.g. site, power supply, backhaul links. In order to fully exploit diversity, this is desirable for the UEs in the same device to select different RGs defined and configured by the operator. The conceptual illustration of RG is depicted in Figure 1. In Solution #2, the UE is assigned to a RG and it will prioritize the cells in the same RG for cell selection. The network can use RG information in a handover process. In Solution #10, the UE is not bound to any RG but it will conduct cell selection and handover based on RG-related system information broadcasted by the cells.

Figure 1 - Reliability group-based redundancy concept in RAN


A LS has been sent by SA2 to RAN1/2/3 asking for comments relating to feasibility of such concept from RAN perspective. The objective of this paper is to provide our views on the following two questions in the LS: 
	Q2: For solution #10, does RAN2 have a mechanism to support RG (Reliability Group) broadcasting in air interface for cell (Re-)selection?
Q7: In general, what kind of deployment scenarios in terms of frequency planning (uniform and dedicated frequency allocation between gNBs, uniform frequency planning in a portion of the network, frequently changing frequency allocation between gNBs) should be assumed? Do RAN1, RAN2, RAN3 see NRG (solution #10/solution #2) to be a feasible solution in all deployments? 



The objectives of this paper are to analyse the concept and to provide the possible RAN2 respones to these two questions.
2	Discussion
In [1], 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. We also take a note of the intended use of such information. The description of solution #10 in TR 23.725 states the following:
“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.”
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. Hence, there is an existing standardized mechanism in RAN that is capable of supporting prioritized cell reselection required by Solution #10. Nevertheless, it is still questionable whether such mechanism is sufficient in all deployment scenarios – this is relating to Question 7 in the LS, which we analyse as below.
Figure 2 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. Apparently, frequency planning between gNBs is needed for the NRG-based solution to become beneficial.
Observation 1: Frequency planning between gNBs is necessary to provide redundancy.  
[image: ][bookmark: _Ref526241414]Figure 2 - Frequency planning for redundancy is required


Three types of frequency planning in the system are considered in this contribution (as well as in the SA2 LS [2]]):
· Uniform in network (Figure 3),
· Uniform in a portion of network (Figure 4), or 
· Changing as frequently as cell boundaries (Figure 5). 
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 2: 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.
  
[image: ][bookmark: _Ref526242893]Figure 3 - 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 of gNB2 can be reduced or completely avoided if a network planning is such that UE can always find a suitable cell on the higher priority frequencies.
Observation 3: 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 other gNB can be minimized or completely avoided.
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[bookmark: _Ref526242903]Figure 4 - Uniform frequency planning in a portion of network

A deployment scenario in which frequency allocation among gNBs providing redundancy paths is illustrated on Figure 5. 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 a complete solution for such deployment as shown on Figure 5 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 UE should not reselect to cells that do not broadcast the correct RG information, then an appropriate tracking area planning with forbidden tracking areas can be used to control UE’s mobility in the RRC_IDLE state in deployments where frequency planning is not uniform or partially uniform between cells of gNBs providing redundancy. The network may prevent UE from reselecting to cells of forbidden tracking area (e.g. cells of a gNB set providing one communication path in redundancy deployment) for up to 24 hours. 
Observation 4: 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. In this case, tracking area planning with forbidden tracking areas can be used to control UE’s mobility in the RRC_Idle state.
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[bookmark: _Ref526242913]Figure 5 - Frequent changes in frequency allocation between gNBs


Based on the analysis, the solution #10 seems to be feasible. Moreover, it is noted that the cell reselection priorities and tracking area planning are existing tools that can be used to achieve the same functionality. The introduction of new cell reselection criteria based on RG into the existing cell reselection evaluation process requires further clarifications regarding the relations between the criteria. For example, UE’s behaviour in presence of both RG information and cell reselection priorities shall be clarified.     
Proposal: The following answers to the questions Q2 and Q7 is proposed.
A2: The system information broadcast is the mechanism to support RG broadcasting over the air interface.
A7: Solution #10 seems to be feasible in all mentioned deployments. However, Solution#10 introduces new criteria to the cell reselection evaluation process and the interaction with the existing criteria is not clear. The cell reselection process control by access stratum and non-access stratum criteria, which are cell reselection priorities and forbidden tracking area list respectively, can provide the same functionality as Solution #10 seems to propose and shall be considered instead. 
3	Conclusions
The reply to SA2 should capture the following for Question 2 and Question 7 respectively:
A2: The system information broadcast is the mechanism to support RG broadcasting over the air interface.
A7: Solution #10 seems to be feasible in all mentioned deployments. However, Solution#10 introduces new criteria to the cell reselection evaluation process and the interaction with the existing criteria is not clear. The cell reselection process control by access stratum and non-access stratum criteria, which are cell reselection priorities and forbidden tracking area list respectively, can provide the same functionality as Solution #10 seems to propose and shall be considered instead. 
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