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1 Background
In this contribution the impact on measurements for small cells in UMTS is discussed. More in particular the following measurement issues are discussed further in chapter 2:
· Extended NCL size 

· Relaxed inter-frequency measurements
· NW-assistance information 
But first the UE mobility to small cells in the different RRC states is discussed:

In idle mode the UE performs cell re-selection based on the neighbor cell information broadcasted in system information. The UE is not aware that a cell in the neighbor cell information is a small cell, i.e. the normal cell re-selection rules apply. Unless the small cells are included in the neighbor cell information, the UE would typically not re-select to a small cell. In case the small cells are on another (dedicated) frequency, but the macro cell coverage is good, the UE would typically not re-select to a (small) cell on another frequency. In case the small cells are on another (dedicated) frequency, and the macro cell coverage is not good, the UE could re-select to a small cell on another frequency, provided that the small cell is included in the inter-frequency neighbor information. In case the small cell is not included in the neighbor cell information, the UE would only re-select to the small cell unless it roams out of coverage, and the small cell is the only option. In idle mode the NW does not have (accurate) information about the UE's position, i.e. redirection to a small cell at call setup is complicated. During call setup there is probably insufficient time to determine the UEs position. Perhaps after the UE has remained in connected mode for some time, the NW is able to determine the UE's position more accurately, and then could decide to re-direct the UE to a small cell.
The UE mobility in CELL_PCH is similar to the idle mode mobility, i.e. the UE performs cell re-selection in CELL_PCH. However in CELL_PCH the NW is aware of the UEs cell position. Furthermore the UE is in (long) DRX.
The UE mobility in URA_PCH is similar to the idle mode mobility, i.e. UE perform cell re-selection in URA_PCH. However in URA_PCH the NW only knows the URA position of the UE, which typically covers multiple/many cells. Furthermore the UE is in (long) DRX.
The UE mobility in CELL_FACH is similar to the idle mode mobility, i.e. UE perform cell re-selection in CELL_FACH. Similar as in CELL_PCH the NW is aware of the UEs cell position. If supported, the UE may be in short (Rel-8) or long (REL-11) DRX.
In CELL_DCH the UE is under NW-controlled mobility. The UE performs measurements, as configured by means of MEASUREMENT CONTROL (or system information), and reports those to the network. If supported by the network, based on the (continuous) UEs transmissions and/or reported measurements, the NW may track the UEs proximity to small cells
 [1], [2], [3], [4]. Based on the UEs proximity to small cells, the NW can configure measurements for these small cells in the MEASUREMENT CONTROL message dynamically. Thus, in case the small cells are on a different frequency, the NW can configure inter-frequency measurements only when the UE is close to those small cells (taking into account any load-balancing decision the NW may have).In CELL_DCH the NW may configure the UE to measure and report intra-frequency cells not included in the neighbor cell information. If supported by the UE, the UE can also measure and report inter-frequency cells not included in the neighbor cell information ("Inter-frequency detected set measurements"(REL-10)). The performance requirements for detected set cell measurements are relaxed, i.e. 30 seconds (per frequency). But most UE implementations perform better than those requirements.
Given the existing UE mobility discussed above, the following improvements are proposed to enable small cell mobility in the different RRC states:
	RRC state
	New function
	Operation

	CELL_DCH
	NW-based proximity detection
	NW configures intra- and inter-frequency small cell measurements when needed.

	CELL_FACH

URA_PCH

CELL_PCH

Idle
	Extended NCL in system information
Relaxed inter-frequency measurements during long DRX
	The extended NCL is needed to indicate all possible small cells that the UE may re-select to within the Macro cell coverage area. 

The relaxed inter-frequency measurements are needed to enable measurements for small cells on a different frequency (when the macro cell frequency is still good)


It is noted that the UE mobility in CELL_DCH is considered as the prioritized use case. This is the state where the UE is potentially transmitting at a high rate, and therefore should preferable be on a small cell when in coverage. In case the UE fails to re-select to a small cell in non-CELL_DCH states, the UE can always be handed over to a small cell eventually when in CELL_DCH.
The benefit vs. complexity of the proposals for non-DCH state can be discussed further. 

The feasibility of the NW-based proximity detection has been evaluated to some extent. The performance, accuracy, complexity and NW impact may involve certain risks, such that an alternative should also be discussed further. However a NW-based solution has an advantage because such solution works for legacy UEs as well.
2 Discussion
2.1 Extended NCL size
The extended NCL size for REL-12 in UMTS Heterogeneous Networks was discussed in [5], [6], [7], [8].

In case small cells inside the macro cell coverage area are indicated in the intra- and inter-frequency neighbour cell information broadcasted in system information, the UE can use this information to measure the small cells, and re-select to them when it is in coverage. The advantage of having the UE re-select to a small cell when in coverage is, that the UE initiates call setup on a small cell, and the UE initiates data transmissions on a small cell when in connected mode with PS call. It is probably the best choice to have the UE access the small cell when in coverage (compared to macro cell coverage). Small cells are expected to be deployed in locations where there is a high density of UEs, i.e. high traffic demand. Small cells thus offload the macro cells. In the (unlikely) case that the small cell access was the wrong choice, given the current load conditions, the NW can always re-direct the UE to the macro cell (or other frequency). 
It is likely that there is not enough spare capacity in the neighbour cell list to include all small cells inside the coverage area of the macro cell. In existing deployments the number of macro cells approaches the maximum number. On the other hand the required number of additional positions for small cells is uncertain as well, but a doubling of the capacity is assumed to be sufficient. 
To enable small cells to be broadcasted in the neighbour cell information in system information, and thus enable cell re-selection to small cells, it is proposed to add another 32 cells for both intra- and inter-frequency neighbours in a new SIB11xxx:
Proposal 1: Add 32 intra- and inter-frequency neighbours in new SIB11xxx in REL-12.

Proposal 2: A REL-12 UE shall be able to handle the additional neighbour cell information in SIB11xxx.

In chapter 1 it was assumed that a NW-based proximity detection function enables the NW to dynamically configure the neighbours based on proximity, and that an increase in the NCL size in CELL_DCH may not be needed. However then the maximum number of neighbours changes when the UE switches between non-CELL_DCH and CELL_DCH. It makes more sense to have the same maximum in all RRC states: 

Proposal 3: Add 32 intra- and inter-frequency neighbours to MEASUREMENT CONTROL message in REL-12.

Proposal 4: A REL-12 UE shall be able to handle the additional neighbour cell information in MEASUREMENT CONTROL message.

According to 25.133 the UE in Idle mode, CELL_PCH, URA_PCH and CELL_FACH is required to monitor up to 32 intra-frequency cells, and 32 inter-frequency cells and fulfil the cell re-selection performance requirements. Furthermore in CELL_DCH, the UE shall be able to monitor up to 32 intra-frequency cells, and 32 inter-frequency cells and fulfil the associated latencies to detected new cells, and perform CPICH measurements.

The intention with the extended neighbour information is to enable the network to configure more cells, e.g. small cells, but that a similar cell re-selection and handover performance is observed for the additional cells that are configured. Therefore the intention is to keep the performance requirements in terms of cell re-selection performance (e.g. measurement frequencies, and re-selection latency) and latencies to detected new cells, and perform CPICH measurements in CELL_DCH the same as in legacy.
The extended NCL size is not intended to affect the physical layer measurements in the UE. The physical layer measurements are performed with the same performance requirements, and reported with the same rate. But the NCL extension only affects the L3 filtering on top of the physical layer measurements, i.e. enables reporting of 64 cells based on the physical layer measurements. Thus the "only" change in 25.133 would be to change the maximum number of cells in the intra- and inter-frequency cell list the UE shall be capable to monitor from 32 to 64, the other requirements remain the same. 
Proposal 5: A REL-12 UE in Idle mode, CELL_PCH, URA_PCH and CELL_FACH shall be able to monitor up to 64 intra-frequency cells, and 64 inter-frequency cells and fulfill the existing performance requirements for cell re-selection as specified in 25.133.
Proposal 6: A REL-12 UE in CELL_DCH shall be able to monitor up to 64 intra-frequency cells, and 64 inter-frequency cells and fulfill the existing performance requirements to detect new cells and perform CPICH measurements as specified in 25.133.
2.2 Relaxed inter-frequency measurements
Relaxed inter-frequency measurements in non-DCH states were discussed in UMTS [9]. Furthermore relaxed inter-frequency measurements are discussed in LTE for connected mode [10]. 
When the UE is in idle mode or in connected mode with DRX, the UE could (easily) perform inter-frequency measurements in the background during DRX, i.e. with a low frequency and not impacting the UE battery performance significantly. This would enable slow moving UEs to eventually re-select to a small cell on another frequency when it is inside coverage area, even when the macro cell coverage on the source frequency is good. When measuring with a low frequency a high speed moving UE would automatically not re-select to a small cell, i.e. the UE would move out of the small cell before the cell re-selection criteria would be satisfied. These inter-frequency measurements in the background are intended for off-loading purposes, and can therefore be relaxed, i.e. they do not have to be fast. The required re-selection latency is expected to be rather in the order of minutes than in seconds. These requirements would be part of the RAN4 requirements as specified in TS 25.133.
The benefit of a UE re-selecting to a small cell (on another frequency) is that a UE would setup a call on a small cell when it is inside its coverage area, and a UE in connected mode in DRX would also initiate data access on a small cell. In the figure below, the possible inter-frequency re-selection scenarios are depicted:


[image: image1]
It is assumed that the wanted UE behaviour is that the (slow moving) UE re-selects to a small cell, whenever the UE is in the coverage area of a small cell, e.g. the small cell is the highest ranked cell on that frequency. The UE perceives a small cell on another frequency as a normal cell. Therefore to enable this inter-frequency re-selection it is proposed to indicate in the inter-frequency neighbour information if relaxed inter-frequency measurements for this cell are applicable. 
Proposal 7: A REL-12 UE in Idle mode, or connected mode with long DRX (i.e. excluding Rel-8 DRX in CELL_FACH) the UE shall measure for inter-frequency small cells with relaxed measurement requirements, when indicated in the inter-frequency neighbour information in system information.
2.3 NW-assistance information for small cell measurements

When the UE is moving at a high speed, the UE should preferably avoid to re-select to a small cell, both intra- and inter-frequency. However when the UE performs measurements and detects a new possible target cell, the UE does not know if this cell is a small cell or not. In case it is indicated in the neighbour cell information in system information if relaxed inter-frequency measurements are applicable for that cell, then a high speed UE could avoid to re-select to such cell. The UE could re-use the existing high/low mobility state detection:

Proposal 8: When the UE is in high mobility state, the UE shall not re-select to a cell in intra- and inter-frequency neighbour information if relaxed inter-frequency measurements are indicated for that cell.
3 Summary

RAN2 is kindly requested to discuss measurements for small cells:
Proposal 1: Add 32 intra- and inter-frequency neighbours in new SIB11xxx in REL-12.

Proposal 2: A REL-12 UE shall be able to handle the additional neighbour cell information in SIB11xxx.

Proposal 3: Add 32 intra- and inter-frequency neighbours to MEASUREMENT CONTROL message in REL-12.

Proposal 4: A REL-12 UE shall be able to handle the additional neighbour cell information in MEASUREMENT CONTROL message.

Proposal 5: A REL-12 UE in Idle mode, CELL_PCH, URA_PCH and CELL_FACH shall be able to monitor up to 64 intra-frequency cells, and 64 inter-frequency cells and fulfill the existing performance requirements for cell re-selection as specified in 25.133.
Proposal 6: A REL-12 UE in CELL_DCH shall be able to monitor up to 64 intra-frequency cells, and 64 inter-frequency cells and fulfill the existing performance requirements to detect new cells and perform CPICH measurements as specified in 25.133.
Proposal 7: A REL-12 UE in Idle mode, or connected mode with long DRX (i.e. excluding Rel-8 DRX in CELL_FACH) the UE shall measure for inter-frequency small cells with relaxed measurement requirements, when indicated in the inter-frequency neighbour information in system information.

Proposal 8: When the UE is in high mobility state, the UE shall not re-select to a cell in intra- and inter-frequency neighbour information if relaxed inter-frequency measurements are indicated for that cell.
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� In non-DCH states accurate NW-based proximity detection to small cells is not possible or deemed challenging. Even in the cases where the NW is aware of the UE's cell position, this does not provide accurate proximity towards small cells. Furthermore in non-DCH states the UE transmissions, upon which NW-based proximity detection relies, are sporadic. Possibly in CELL_FACH when the UE would transmit frequently a NW-based proximity detection is feasible. There is no measurement reporting for UTRAN cells in non-CELL_DCH states. 
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