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1.  Introduction
In RAN2#58bis, the IDLE mode mobility procedures have been discussed and the agreements were captured in TS 36.304 [1]. However, the complete picture is yet unclear, and some clarifications are still needed [2], especially on the priority handling issue [3]. This paper recaps the current working assumptions and further clarifies the basic principles of the IDLE mode mobility control, filling up the main “holes.”
2. Basic principles
2.1  Intra-frequency mobility control
For intra-frequency mobility control, the following basic principles shall apply (Note that the parts not underlined have already been agreed as working assumption.):

1. Intra-frequency mobility relies on cell detection by the UE. No NCL is needed for this purpose.

2. Intra-frequency search/measurements can be omitted if the serving cell quality fulfils the Sintra criterion (exception is discussed in section 3).
3. Cell reselection is based on the R-criteria considering Qhyst, Qoffset, and Treselection.
4. An NCL can be provided optionally by the serving cell to control reselection in specific cases.
a) The NCL can contain a cell specific offset (Qoffset) per indicated neighbour cell.
b) The NCL can contain a list of undesired cells (blacklist).
5. Speed dependent scaling of parameters such as Treselection, Qhyst, and Sintra, as well as the measurement/ search intervals should be considered. The speed detection algorithm is based on the cell reselection frequency as in UMTS, with some enhancements as proposed in [4].
For intra-frequency, the only agreed driver is the radio condition [5]. The above principles are basically to fulfil this driver, except that some mechanisms, such as Sintra, Qhyst, and Treselection, are supported to limit the measurement/ control load.
The cell specific offset is often conceived as a prioritisation mechanism. Although it does bias reselections to certain cells, it is in fact necessary to correct certain cases such that the radio condition driver is better met. For example, for a UE entering a tunnel cell, the offset should be used so that the UE reselects the tunnel cell early before the radio condition quickly degrades. As have been described in detail in [6], the cell specific offset can also be used to compensate DL/UL imbalance, so that the best balance in terms of “radio” is achieved between the DL and UL. Nevertheless, how the cell specific offset is used is up to the operator, and it can indeed be used to bias beyond the radio condition driver, if so desired.
One example of this can be the CSG case. For CSG, a requirement has been endorsed such that it shall be possible to prioritise CSG cells [7]. This can be achieved by using the cell specific offset. In our view, CSG cells should be handled within the best radio principle to avoid capacity loss, when they are deployed on the same frequency. As such, the only difference that can be considered for the CSG case would be to ignore Sintra, only to better meet the best radio criterion. The use of a cell specific offset to prioritise beyond the best radio criterion should be done at operator’s discretion, and the use of offsets should not incur special behaviours (e.g., extra measurement tasks) at the UE.
2.2  Inter-frequency mobility control
For inter-frequency mobility control, the following basic principles shall apply (Note that the parts not underlined have already been agreed as working assumption.):

1. Inter-frequency mobility relies on cell detection by the UE. Only the centre frequency needs to be indicated by the serving cell for this purpose.

2. Inter-frequency search/measurements can be omitted if the serving cell quality fulfils the Sinter criterion (exception is discussed in section 3).
3. The UE has to measure only the frequency layers whose centre frequency is indicated by BCCH from the serving cell (unless the UE goes out of coverage of the current frequency layer), and within the bands the UE supports.

4. Cell reselection is based on the R-criteria considering Qhyst, Qoffset, and Treselection (exception is discussed in section 3).
a) Two types of Qoffset is configurable: layer specific offsets (typically used to compensate path loss difference between bands) and cell specific offsets (similar to the intra-frequency case).

b) The cell specific offset overrides the layer specific offset.
5. An NCL can be provided optionally by the serving cell to control reselection in specific cases.

a) The NCL can contain a cell specific offset (Qoffset) per indicated neighbour cell.

b) The NCL can contain a list of undesired cells (blacklist).
6. Speed dependent scaling of parameters should be similar to the intra-frequency case.
It is thought that usually, inter-frequency measurements and reselections will not be triggered unless the UE is moving out of the layer coverage. That is, inter-frequency carrier information will not be broadcast except at layer edges. This is to avoid unnecessary measurements and reselections during IDLE mode. However, it might be possible that certain layers should be prioritised than others depending e.g., on the layer bandwidth (a 20 MHz layer may be prioritised over a 5 MHz layer), loading, or MIMO support. If this is the case, this is expected to be handled largely by redirection upon RRC release, due to the following reasons:
· Redirection is network controlled and UE capabilities can be considered by the network.

· Redirection upon RRC establishment or during RRC_CONNECTED would cause extra delays/interruptions.

· IDLE mode mobility is UE controlled, and inter-frequency transitions during IDLE should be limited as much as possible to save UE battery.
2.3  Inter-RAT mobility control
For inter-RAT mobility control to other RATs when camped on LTE, the following basic principles shall apply (Note that the parts not underlined have already been agreed as working assumption.):

1. Inter-RAT search/measurements can be omitted if the serving cell quality fulfils the S_RAT criterion (exception is discussed in section 3).

2. The UE has to measure only the RATs whose RAT information (e.g., centre frequency and RAT type) is indicated by BCCH from the serving cell (unless the UE goes out of coverage of the current frequency layer), and within the RAT/bands the UE supports.

3. Cell reselection is based on the criteria: the serving cell quality below a threshold and the target cell quality above a threshold (exception is discussed in section 3).

a) No offsets (neither layer specific nor cell specific) apply, as the measurement quantities would be incomparable.
4. Speed dependent scaling of parameters should be similar to the inter-frequency case.
One big issue that was discussed in RAN2#58bis is whether the search/measurement of other RATs relies on cell detection by the UE (only the centre frequency and the RAT type need to be indicated by the serving cell) or an explicit NCL is necessary. It has been proposed that the search/measurement of UTRAN cells can rely on cell detection by the UE, and only the centre frequency needs to be indicated for this purpose. However, an LS from RAN4 [8] implied that an explicit UTRAN NCL should be signalled, considering the legacy UE implementation. Moreover, GERAN insisted in an LS to RAN2 [9] that an explicit GERAN NCL be signalled, and that an indication of a range of carrier frequencies is insufficient. Although LTE is a new system, a UE capable of UTRAN/GERAN needs to be equipped with UTRAN/GERAN functionalities. It is the question of whether such UEs are mandated to have Rel-8 UTRAN/GERAN capabilities, or previous UTRAN/GERAN releases are allowed. While it is certainly beneficial to eliminate NCLs in LTE to reduce the overhead and simplify operation, any additional requirements on UTRAN/GERAN terminals will imply new conformance test scenarios. This will likely impact on the time to market, and hence, such new requirements need to be carefully assessed. Whether such new requirements can be introduced for prior UTRAN/GERAN releases, or only in Rel-8 also needs to be clarified. Until this essential question is answered (in RAN), the issue to rely on cell detection or to signal an explicit NCL, cannot be resolved.

For inter-RAT mobility control to LTE when camped on other RATs, the following basic principles shall apply (Note that the parts not underlined have already been agreed as working assumption.):

5. The inter-RAT mobility control obeys the principles specified in the camped RAT.

6. The LTE search/measurement relies on cell detection by the UE. Only the centre frequency needs to be indicated by the serving RAT for this purpose.
7. The UE measures only the LTE bands that it supports.

8. Cell reselection should be based on the criteria: the serving cell quality below a threshold and the target cell quality above a threshold (exception is discussed in section 3).

a) No offsets (neither layer specific nor cell specific) apply, as the measurement quantities would be incomparable.

It is thought that (unlike the LTE inter-frequency case) certain RATs shall often be prioritised depending on various conditions, e.g., coverage, loading, and/or supported services. Such prioritisation shall be handled largely by redirection upon RRC establishment or release. Since inter-RAT has service related aspects, redirection upon RRC establishment is also expected to occur frequently. As with the LTE inter-frequency case, inter-RAT measurements and reselections during IDLE shall be limited as much as possible (unless the UE is moving out of the layer coverage), so that unnecessary measurements and reselections are avoided.
2.4  Mobility control outlook

The basic principles in 2.1 to 2.3 would result in a behaviour exemplified in Fig.1. Under the control policies described in 2.1 to 2.3, the UE would transition frequencies/RATs only around layer edges. However, there are some exceptional scenarios that require further mechanisms to prioritise certain layers, as discussed in section 3.
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Fig.1  Mobility control outlook.

3. Priority control
3.1  Problem scenario
Figure 2 shows an example scenario that cannot be handled adequately by the basic control principles described in section 2. In this scenario, the UE camped on UTRA cannot find the LTE cell if it obeys the S_RAT criterion and searches LTE only after crossing the S_RAT boundary (Fig.2(a)). An offset can be used to prioritise LTE, but then, the S_RAT also needs to be adjusted so that the UE performs LTE search (Fig.2(b)). In practice, setting the appropriate offset would be difficult, as can be observed from the example. Instead, an absolute priority can be set to LTE, and when the UE is camped on UTRA, it can perform LTE measurements periodically, omitting S_RAT (Fig.2(c)). Then, the UE can discover the LTE cell and camp on it. This will cause some unnecessary LTE measurements at UEs outside the LTE coverage, hence consuming more battery (Fig.2(d)). However, such cases occur in limited places only and may be tolerable.
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Fig.2  Problem scenario that cannot be covered by the basic principles.
3.2  Qoffset or absolute priority
To resolve certain scenarios as described in 3.1, setting absolute priorities and specific related behaviours is thought to be necessary. As illustrated in the previous example, sole handling of such scenarios by the offsetting mechanism seems to be rather difficult. If the offset can be set to “infinity,” it seems the offsetting mechanism can manage definite priorities. However, when multiple layers are set to “infinity,” the UE cannot decide which of them to really prioritise. Setting an absolute priority to each layer would be considerably simpler. Hence, the absolute priority signalling shall be supported.

This does not however preclude the offsetting mechanism. Regarding offsets:
· Inter-frequency offsets should still be supported:
· Layer specific offsets to compensate path loss difference in R-criteria (to be sent by BCCH).
· Cell specific offsets to cope with special cases, e.g., tunnels (to be sent by NCL).
· UE specific offsets are unnecessary.
· Inter-RAT offsets are unnecessary, as the measurement quantities would be incomparable.

3.3  Priority control principles

The following UE behaviours should apply when priorities are set:

1. If a UE is on the highest priority layer, it can just apply the basic principles previously mentioned, except that:
a) Reselection should be based on the criteria: no suitable cell is found on the highest priority layer and a suitable cell is found on a lower priority layer.
2. If a UE is on a low priority layer, it can apply the basic principles previously mentioned, except that:

a) The UE should measure higher priority layers periodically, ignoring Sinter/S_RAT. (The periodicity of the search/measurement can be network controlled by BCCH, as this is rather location dependent.)
b) Reselection should be based on suitability criteria + hysteresis.
When no priorities are set, the UE can follow the basic principles previously mentioned in 2.1 to 2.3.

The priorities should be signalled with the following principles:
3. Priorities should be set in a UE specific manner or by BCCH (both should be supported).
a) The UE specific priorities should override the priorities indicated by BCCH.
4. The UE specific priorities should be kept until expiry of a timer that is signalled together with priorities.

Note that RAT (and also band) priorities may be set to the UE by the subscriber, e.g., due to service or budget reasons, as in legacy systems. If priorities are set by the subscriber, these priorities should be respected above the priorities signalled by the network.
3.4  MBMS prioritisation

For inter-frequency/RAT, MBMS was also indicated as a mobility driver [5]. MBMS layer prioritisation can be handled in a similar manner as the layer prioritisation described in 3.3. The following additional principles shall apply:
1. Based on the advertised MBMS information and the MBMS service that the UE is willing to receive, the UE decides the priority of layers.
2. The MBMS priority overrides any priority settings that the network has signalled.

3. Once the layer priorities are determined, the UE follows the same prioritisation principles described in 3.3.
4. Review of mobility drivers
For intra-frequency mobility, the only agreed driver was the radio condition. For inter-frequency/RAT IDLE mode mobility, the drivers shown in Table 1 were agreed [5]. With the principles described in sections 2 and 3, all the drivers are in fact covered, except for the private (CSG) cells and network sharing drivers. The private (CSG) cells driver can possibly be handled by a similar mechanism as for the inter-layer priority control descibed in section 3. The network sharing driver can be supported by a similar mechanism as in UTRAN SIB18. However, these are yet to be discussed.
Table 1  IDLE mode inter-frequency/RAT mobility control drivers.
	#
	Drivers
	Applicability
	Necessary features to support drivers

	
	
	L(L
	L(U
	U(L
	L(G
	G(L
	

	1
	Radio condition
	X
	X
	X
	X
	X
	· Inter-frequency/RAT measurements (solutions to mitigate measurement load should be considered, e.g., S-criteria.)
· Cell reselection and reselection criteria

	2
	Camp load balancing
	X
	X
	X
	(X)
	(X)
	· Mechanism to prioritise cell reselection to certain layer/RAT, depending on the loading of layers/RATs.

· Load information exchange (not needed if balancing is inadaptive, i.e., only based on subscriber penetration on each band/RAT.)

	3
	Traffic load balancing
	
	
	
	
	
	· N/A

	4
	UE capability
	(X)
	X
	X
	X
	X
	· Mechanism to prioritise cell reselection to certain layer/RAT, depending on the UE capability

	5
	HCS
	(X)
	(X)
	(X)
	(X)
	(X)
	· Mobility detection (e.g., number of crossed cells)

· Mechanism to prioritise cell reselection to certain layer/RAT, depending on the UE speed (e.g., HCS mechanism as in UTRAN)

	6
	Network sharing
	X
	X
	X
	X
	(X)
	· Mechanism to direct the UE to the appropriate PLMN at a network sharing border

· Mechanism to restrict UE measurements and reselection to cells that are entitled to access

	7
	Private neworks / home cells
	X
	(X)
	X
	
	(X)
	· Mechanism to prioritise reselection to private/home cells that are entitled to access

· Mechanism to restrict UE measurements and reselection to cells that are entitled to access

· Other unidentified features, FFS

	8
	Subscription / Policy based mobility control
	X
	X
	X
	(X)
	(X)
	· Mechanism to prioritise cell reselection to certain layer/RAT, depending on the subscription information or any other operator policy (e.g., for L(L there may be cases where an operator has policy in allocating UEs to certain frequencies due to different carrier bandwidths.)

	9
	Service based mobility control
	
	
	
	
	
	· N/A

	10
	MBMS
	X
	(X)
	X
	
	
	· Mechanism to prioritise cell reselection to the layer/RAT, depending on whether the UE requires reception of a certain MBMS transmission


5. Conclusions
The basic principles of the IDLE mode mobility control have been proposed (note that some parts have already been captured as working assumptions). Although the basic principles should be able to cover most scenarios, it is thought that an additional mechanism based on absolute priorities is also needed. The paper elaborated on the absolute priority control mechanism, and proposed the basic principles of the control mechanism. It is proposed that RAN2 captures the agreeable principles of sections 2 and 3 in TS 36.300 (stage 2), TS 36.304 and TS 36.331 (stage 3).
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