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1 Introduction
In the RAN2#101bis meeting, T-Mobile brought up an interesting issue of having NR deployment in the low frequencies and LTE deployment in higher frequencies compared to NR [1]. In the contribution, the scenario was explained and also a new cell selection procedure was proposed. In this contribution, we provide some analysis of the scenario and provide our views on the cell selection in such scenarios.
2 Discussion
The cell selection procedure supported in NR is very similar to that of LTE. The cell selection related procedure from idle/inactive mode procedural specification is given below [2]. Based on this procedure, the UE tries to use the stored system information as much as possible before scanning all the RF channels supported by the UE. By doing so, the UE saves battery consumption. The scenario of not having any stored system information is a rare scenario (an example would be a new UE coming to a different airport and turning on the power). 

Observation 1: The UE tries to utilize the stored system information to find a suitable cell at the time of cell selection. 

The stored system information is based on the system information obtained by the UE in the past (potentially at the previous cell reselection or at state transition). Therefore, to influence the cell selection, it is important to ensure that the stored system information at the UE is relevant. 

Observation 2: By controlling the UE’s reselection, one could influence the cell selection by the UE in most scenarios. 

Scenario specific discussion related to cell reselection priorities-based influencing of camping for a given UE is provided in section 2.1.
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Figure 1: RRC-Idle and RRC-inactive cell selection

2.1 Low frequency NR Deployment related problem -NR cell with SA and NSA option – a reselection-priority based approach
T-Mobile brought up [1] a scenario involving NR cells deployed in low frequencies in the presence of already existing LTE cells. The so deployed NR cells have a larger coverage area compared to LTE cell. As the NR UEs will not be too densely populated in the beginning, there needs to be a way to utilize the existing deployment options to maximize the benefits of having both NR and LTE coverage in certain areas. In order to do so, the NR cells deployed in lower frequencies shall support both SA and NSA deployment option simultaneously.

Observation 3. NR cells deployed in low frequencies (~600 MHz) will support both option-2 (SA operation) and option-3 (NSA operation).
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Figure 2: A deployment scenario with NR on low frequencies and LTE on relatively higher frequencies.

There could be two sub-scenarios in such a deployment. Table 1 briefs these sub-scenarios and some reference configurations.
	NR cell deployment type
	Bandwidth (BW) scenario
	Wanted UE behavior when UE performs state transition in a region with both NR and LTE coverage
	Cell reselection priorities broadcasted

	NR supports SA only
	NR cell has larger BW
	UE selects NR 
	NR highest priority 

	NR supports SA only
	LTE cell has larger BW
	UE selects LTE 
	LTE highest priority

	NR supports SA and NSA
	NR cell has larger BW
	UE selects LTE with EN-DC
	LTE highest priority

	NR supports SA and NSA
	LTE cell has larger BW
	UE selects LTE (possibly with EN-DC)
	LTE highest priority


Table 1: Different cell (re-)selection strategies in different scenarios

When there is coverage from both LTE and NR and if NR supports NSA operation, then there is an advantage of attaching the UE to the LTE cell with a follow-up EN-DC configuration. This will aid in increasing the UE throughput. This can be achieved by configuring LTE to be the highest priority RAT.

Observation 4: By configuring LTE to be the highest priority RAT, the network can aid the UE to select LTE cells at state transition and then perform EN-DC configuration with the NR cell that supports NSA operation. 

When the NR cell supports only SA operation, then the bandwidth of the cells providing the overlapping coverage comes into consideration. By configuring the cell/RAT with the larger bandwidth to be the highest priority RAT, the network can ensure that the UE benefits in terms of attaching to the cell where it can potentially achieve better throughput.

Observation 5: In scenarios with overlapping NR and LTE coverages and NR supporting only SA operation, by configuring LTE to be the highest priority RAT, the network can aid the UE to select the best performance cell at state transition. 

In regions where there is no coverage of LTE cells, the UE will end up selecting NR cells that support the SA operation as well.

Observation 6: When the LTE coverage is not present, then the UE will fall back on the underlying coverage providing NR SA deployment. 

Based on the above discussion, the cell reselection priorities are essential in controlling UE cell selection behaviour. In LTE, both broadcasted (SIB3, SIB5, SIB6, SIB7, SIB8) and dedicated signalling (RRC_Release) provide the cell reselection priorities. This is provided at two levels;

1. Cell reselection priority: 8 different values

2. Cell reseleciton sub-priority: 5 different values

–
CellReselectionPriority

The IE CellReselectionPriority concerns the absolute priority of the concerned carrier frequency/ set of frequencies (GERAN)/ bandclass (CDMA2000), as used by the cell reselection procedure. Corresponds with parameter "priority" in TS 36.304 [4]. Value 0 means: lowest priority. The UE behaviour for the case the field is absent, if applicable, is specified in TS 36.304 [4].

CellReselectionPriority information element

CellReselectionSubPriority-r13 ::=


INTEGER (0..7)
–
CellReselectionSubPriority

The IE CellReselectionSubPriority indicates a fractional value to be added to the value of cellReselectionPriority to obtain the absolute priority of the concerned carrier frequency for E-UTRA. Value oDot2 corresponds to 0.2, oDot4 corresponds to 0.4 and so on.

CellReselectionSubPriority information element

CellReselectionSubPriority-r13 ::=


ENUMERATED {oDot2, oDot4, oDot6, oDot8}
These priorities are used for the load balancing/sharing purposes. The broadcasted priorities do not consider the bandwidth and the service specific requirement of a UE. However, the dedicated priorities can be used to provide UE specific priorities that are tailored for the UE’s bandwidth requirements based on its wanted service.

Observation 7. Cell reselection priority and sub-priorities can be used UE specifically via dedicated priorities provided in the RRC Release message. 

In NR also, it has been agreed (in the recent e-mail discussion AH1807#17) to include both cell reselection priority and sub-priority. 

Observation 8. Cell reselection priority and sub-priorities are included in NR.
3 Conclusions
Based on the discussion in the previous sections we observe the following:
Observation 1: The UE tries to utilize the stored system information to find a suitable cell at the time of cell selection. 

Observation 2: By controlling the UE’s reselection, one could influence the cell selection by the UE in most scenarios. 
Observation 3. NR cells deployed in low frequencies (~600 MHz) will support both option-2 (SA operation) and option-3 (NSA operation).
Observation 4: By configuring LTE to be the highest priority RAT, the network can aid the UE to select LTE cells at state transition and then perform EN-DC configuration with the NR cell that supports NSA operation. 

Observation 5: In scenarios with overlapping NR and LTE coverages and NR supporting only SA operation, by configuring LTE to be the highest priority RAT, the network can aid the UE to select the best performance cell at state transition. 

Observation 6: When the LTE coverage is not present, then the UE will fall back on the underlying coverage providing NR SA deployment. 

Observation 7. Cell reselection priority and sub-priorities can be used UE specifically via dedicated priorities provided in the RRC Release message. 

Observation 8. Cell reselection priority and sub-priorities are included in NR.
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