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Introduction
In this contribution we investigate load balancing and management of UEs in idle mode in a heterogeneous network deployment in NR. The mechanisms as supported in LTE for the management of UEs in idle mode may result in missed opportunities for offloading or costly searching for inter-frequency small cells when the UEs are in connected mode. We discuss this problem and propose the introduction of cell-specific prioritisation as a way to increase the likelihood of a UE to be associated with the small cell when it is time to connect. This functionality may also reduce the need to perform inter-frequency measurements when in connected mode.
[bookmark: _Ref178064866]Discussion
Scenario
In the scenario illustrated in Figure 1, cell 1 and cell 2 are assumed to be macro cells with generally moderate to high load. Cell 3 is a pico cell, located on the same frequency as cell 2, adding extra capacity in its coverage area. The frequencies are called “source frequency” and “target frequency” as we are focusing on UEs camping on cell 1 to detect and associate with cell 3, when in its coverage.
The coverage area of a pico cell like cell 3 is often small. Fully utilizing the capacity of a pico cell might not be possible, because there are not enough UEs within coverage. It is, however, desired that all UEs located within the coverage area of cell 3 camp on this cell, in order to utilize the capacity, and in order to offload the macro cells 1 and 2, as far as possible.
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Figure 1 – Example scenario
Typically, connected mode load balancing is applied between the macro cells 1 and 2. This distributes the UEs evenly between those two cells, ensuring consistent end user performance in these two cells. The idle mode cell reselection in these two cells is typically configured to preserve the UE distribution the load balancing achieves in connected mode. This reduces the need for recurring load balancing actions when UEs reconnect after periods in idle mode.
In connected mode, UEs connected to cell 2 are relocated to cell 3 when entering its coverage. This is achieved with intra-frequency mobility in connected mode.
UEs connected to cell 1, on the other hand, tend to stay connected to cell 1, although they may enter the coverage of cell 3. One way to move UEs to cell 3 is by means of the connected mode load balancing. However, since cell 3 has a relatively small coverage area, several inter-frequency measurements in cell 1 are needed to identify UEs suitable for relocation within coverage of cell 3. Thus, the cost of moving UEs from cell 1 to cell 3 is higher than moving UEs from cell 2 to cell 3.
To overcome the obstacle of UEs within the coverage of cell 3 staying camped on cell 1, it would be desirable that UEs in idle mode, camped on cell 1:
-	Autonomously perform inter-frequency measurements and detect when they enter the coverage of cell 3.
-	Autonomously perform cell reselection to cell 3 when cell 3 becomes good enough.
-	Avoid cell reselection to cell 2, as far as possible, in order not to unnecessarily affect the load balance between cell 1 and cell 2.
This would minimize the negative impact on the load balancing between cell 1 and cell 2, and at the same time much improve the utilization of the capacity available in cell 3. 
The previously mentioned scenario may happen in different network deployments such as:
-	Heterogeneous Network deployment with a mix of macro and micro/pico cells on the same frequency layer
-	Migration phase when replacing macro cells on a frequency layer with smaller cells
In these scenarios it is usually desired to prioritize the pico/micro cells over macro cells on the same frequency in order to utilize their capacity in a more efficient way.
Example
Table 1 shows an example configuration of Cell Reselection Priority (CRP) to be broadcasted in each of the cells in the example Figure 1. This configuration is done such that the carrier frequency of the current serving cell has a higher priority than other frequencies in the idle mode. This results in that the UEs continue to camp on the frequency of the current serving cell and perform no measurements on lower priority frequencies until the signal level of current serving cell is less than a defined threshold (i.e. threshServingLow in TS 36.304 [1]). As seen in the table, a UE camping on cell 2 (i.e. on f2) has a lower priority for measuring on f1 (priority 4) than measuring on f2 (priority 5).
[bookmark: _Ref351116939]Table 1 – Example configuration of priorities
	
	Broadcast in cell 1 (f1)
	Broadcast in cell 2 (f2)
	Broadcast in cell 3 (f2)

	Frequency 1 (f1)
	Priority 5
	Priority 4
	Priority 4

	Frequency 2 (f2)
	Priority 4 
	Priority 5
	Priority 5



The example configuration in Table 1 is a good basis for connected mode load balancing between cell 1 and cell 2 in that the effect of load balancing between cell 1 and cell 2 performed in connected mode is likely to sustain periods in idle mode. It preserves the traffic balance between cell 1 and cell 2 in idle mode and reduces the need for new relocations when UEs in idle mode connect to the network again.
Figure 2 shows the signal strength of the three cells in the scenario. The UE was connected to cell 1 before going to idle. As can be seen in the lower part of the figure, the UE reselects from cell 1 to cell 2 only when the signal strength of cell 1 has dropped below threshServingLow. This configuration is not the desired behaviour, as it prevents UEs camped on cell 1 (f1), but within coverage of cell 3 (f2), to perform the cell reselection from f1 to f2 into cell 3, as desired.
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Figure 2 – Signal strengths and UE behaviour in an example setup
It is possible to configure cell 3 with a cell-specific offset, q-OffsetCell, but in order for that offset to take effect, both frequencies must have the same priority. When ranking cells, the UE first looks at priority, then at signal strength. Figure 3 shows the UE behaviour with this setup. As can be seen the UE will reselect to cell 3, but as the signal strength deteriorates, the UE will reselect to cell 2. This behaviour affects the load balancing negatively and is not desired. 
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Figure 3 – Signal strengths and UE behaviour in an example setup with q-OffsetCell
Solution
To achieve better offloading without disturbing the load balancing we propose to adopt a cell-specific reselection priority. This priority should be provided to the UE via system information or RRCConnectionRelease message, in order to be applicable to UEs in idle.
Table 2 shows an improved configuration by considering the proposed cell-specific reselection priority. With this configuration, the UEs camped on cell 1 (f1) shall measure on f2 in order to search for cell 3, since it is configured with a higher priority than the serving cell. If cell 3 is found and the cell reselection criterion is met, the UE shall reselect that cell, i.e., if:
Srxlev (corresponding to cell 3) > ThreshX,HighP (as specified in in TS 36.304 [1])
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	Broadcast in cell 1 (f1)
	Broadcast in cell 2 (f2)
	Broadcast in cell 3 (f2)

	Frequency 1 (f1)
	Priority 5
	Priority 4
	Priority 4

	Frequency 2 (f2)
	Priority 4 + 
(Cell 3: priority 6)
	Priority 5
	Priority 5



With the configuration shown in Table 2, cell 3 on f2 is able to attract UEs in idle mode that are camped on cell 1 (f1). In particular, UEs which are stationary within the coverage of cell 3, or slowly roaming within the coverage of cell 3, are highly likely to be captured. In the long run, this configuration will relocate UEs in connected mode from cell 1 to cell 3, as UE which have reselected to f2 in idle mode may connect to cell 3 when they connect to the network the next time.
[bookmark: _GoBack]When UEs are in connected mode it is possible to relocate UEs connected to cell 1 within coverage of cell 3, to cell 3. However, this requires the use of inter-frequency measurements with measurement gaps, which impacts user throughput. Assuming the UE is within coverage of cell 3 when connecting, the improved configuration of priorities reduces the number of inter-frequency measurements needed to achieve the data offloading without impacting user throughput.
The connected mode load balancing between cell 1 and cell 2 is able to handle the impact the configuration may have on the load balance between cell 1 and cell 2. This is done by relocation of UE from cell 2 to cell 1 to compensate for UE those are captured in cell 3. Hence, the configuration typically provides an offload of UEs from both cell 1 and cell 2 into cell 3. This means that although this solution is only directly applicable to UEs in idle mode, it improves the performance for UEs in connected mode as well.
It is to be noted that the re-distribution based procedure as standardized in EUTRAN is very restrictive as the priorities used by the UE is dependent on the UE ID (derived as (IMSI mod 100)*2 + 1). Therefore, it is hard to use the redistribution based cell reselection procedure for the use case as explained above.    
Observation 1	The inter-frequency re-distrubtion procedure as standardized for E-UTRAN is restrictive as the reselection procedure applied by the UE is dependent on the UEID and hence cannot be used in the usecase explained above.
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Conclusion
Based on the discussion in section 2, we have captured the following observations:
Observation 1	The inter-frequency re-distrubtion procedure as standardized for E-UTRAN is restrictive as the reselection procedure applied by the UE is dependent on the UEID and hence cannot be used in the usecase explained above.

Based on the discussion in section 2 we propose the following:
Proposal 1	The cell-specific prioritisation for cell reselection that over-rides the frequency specific prioritization is introduced in NR for improving load balancing in heterogeneous network deployments.
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556]TS 36.304, “User Equipment (UE) procedures in idle mode”, 3GPP, v11.3.0, March 2013

image1.png
Target frequency (f2) @

Source cell (Cell1)

Source frequency (1)





image2.png
Cell 1 (macro cell on f1) e
Cell 2 (macro cell on f2) e ,
Cell 3 (pico cell on f2) — H
I
\

ThreshX,High |----3/------M&-----
ThreshServinglow - —

Desired behaviour in idle mode is:

Current behaviour in idle mode:
(f1 with higher prio than f2)





image3.png
Cell 1 (macro cell on 1)
Cell 2 (macro cell on f2)
Cell 3 (pico cell on f2)
Cell 3 (after offset)

ThreshX,High
ThreshServingLow

Desired behaviour in idle mode is:

Current behaviour in idle mode: E
(f1 and f2 has same prio, offset

aa.@aa

applied to cell3)
Unwanted behaviour




