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1. Introduction

This document is a general analysis of measurement and mobility issues for home (e)Node Bs, including a list of suggested parameter settings.

2. Discussion

As a general scenario, we consider a system with the following properties:

· Two or more frequency layers, with all home (e)Node Bs concentrated on one frequency (which may or may not also contain macrocells);

· One PLMN reserved for use by all the home (e)Node Bs;

· Different home (e)Node Bs distinguished from one another by LA/TA ID.

These assumptions are similar to the proposal in [2].  There are potential issues connected with collisions between the identifiers for different home (e)Node Bs, as previous discussions in RAN2 have established; for this discussion, however, we will ignore this potentially complex area and consider the issues that arise in a “well-behaved” deployment where such collisions do not occur.

Throughout, we distinguish between “femto UEs”, which prefer service on a home (e)Node B when it is available (even if a macrocell is available as well), and “macro UEs” which are not allowed service on any home (e)Node B.  Note that these femto UEs are not necessarily “femto-aware” in the sense of having additional features specific to the home (e)Node B concept built in; a femto UE might be a legacy UE in the hands of a user who possesses a home (e)Node B and naturally prefers its service.
In almost all situations, the greatest concern is for idle mode, since a problem in UE-controlled mobility could result in the UE camping on the wrong cell, with a variety of undesirable effects.  In connected mode, however, it is still desirable to prevent the UE from measuring excessively for no good reason.

2.1. General scenarios
When a UE is camped in its own femtocell, the main problem is to make sure that it is not “sucked away” by, or forced to spend excessive time measuring, intra-frequency cells, either femto- or macro-.  Making the reselection parameters “sticky” should in general suffice to address this concern.  Setting Sintrasearch to a high value will suffice to control the measurement demands, but may not solve the mobility problem in the idle-mode case—if the UE sees a strong signal from a neighbouring cell, it may reselect to it (in connected mode, of course, the network can simply elect not to hand the UE over).  Thus the “sticky” behaviour will need to be reflected in per-cell values of Qoffset as well, to prevent neighbouring cells from being inappropriately ranked above the serving femtocell.

As we shall see in the next section, however, simply declaring “Femtocells should have a low Qoffset” is not a complete solution to the problems of this scenario.

2.1.1. Mobility issues and Qoffset

Controlling mobility with tuned values of Qoffset generally produces correct UE behaviour when there is an isolated femtocell with only macrocells neighbouring it.  When two femtocells are neighbours of the same macrocell, however, a mobility problem arises for those UEs that prefer service in a specific femtocell.  The details of the problem are illustrated in Figure 1.  (The description of UE behaviour is drawn from UMTS; of course, if LTE uses the same idle-mode behaviour, it will apply there as well.  However, LTE offers the possibility of designing UEs to be in some sense “femto-aware” from the beginning, and the problem should therefore be less intractable.)
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Figure 1: Rejection issues with femto- and macrocells on same frequency
In the first case shown, where only a single femtocell is involved, a “femto-preferred UE” that prefers to camp on the femtocell will correctly land there due to the settings of Qoffset, while a “macro-only UE” that is not allowed service on the femtocell will be directed to another frequency due to the barred location area.  (If there is no second macro frequency, of course, the UE will go through the “Any cell selection” state and potentially enter a rejection loop; this is a known hazard of deploying forbidden TAs in a system with a single frequency layer, and not specific to the femto scenario.)
In the second case, while a “macro UE” will experience the same (correct) sequence of events, a “femto UE” that has the poor luck to find the wrong femtocell will be ejected from the frequency on which the femtocells are deployed.  In the case of a home (e)Node B, what this means in practice is that momentary reselection to another femtocell—e.g., the home (e)Node B in the next apartment—can cause the UE to lose service in its own femtocell.  Note that, once the UE is on the second macro frequency, it has no particular reason to return to the first one; it may never return to its own femtocell at all if the coverage of the second frequency is good.

When legacy UEs are considered, these problems seem to be intractable in the general case.  Avoiding them would require that deployments where legacy UEs that prefer service on a femtocell are to be supported, with femto- and macrocells mixed on a single frequency, adhere to two general principles:
P1. A second (macro) frequency layer must be available;

P2. Femtocells should be sparse enough to minimise the risk of a UE finding two femtocells neighbouring a single macrocell, or (ideally) even within the area of a few macrocells.
Principle P2 is of course highly restrictive!  As the second example of Figure 1 shows, however, the alternative is to accept that legacy UEs can persistently lose the service of their home femtocell due to radio circumstances beyond the user’s control.

Resolving these problems is not really a spec issue; an operator can choose to deploy in accordance with principles P1 and P2 or not, irrespective of the opinion of RAN2.  However, the potential mobility issues associated with such a decision should be recognised.

2.1.2. Measurement concerns

In a same-frequency deployment, the major measurement concern is that femto-preferred UEs should be able to detect the presence of their home femtocell readily.  (Concerns about minimising measurement effort on uninteresting femtocells are secondary; a UE that measures a femtocell is either performing a relatively inexpensive intra-frequency measurement, or it is on another frequency and already performing inter-frequency measurements on the frequency containing the femtocell.  In the first case there is no great urgency in avoiding the measurements, and in the second it is not clear how they can be avoided while still allowing the UE to take measurements of macrocells on that frequency.)
Unfortunately, there is no clear way for legacy UEs to distinguish between their own femtocell and another one.  Even if femtocells are distinguished by TA ID, it is not clear that the operator can prevent collisions, particularly if users are capable of relocating femtocells without notifying the operator (as they routinely do with WLAN base stations and might expect to do with femtocells that filled a similar rôle).

A UE in macro coverage can be encouraged to find femtocells by lowering Sintrasearch on the serving cell, and Sintersearch on other macro frequencies in cells that are physically close to (known) femtocells (and, as noted above, encouraged to reselect to them by lowering Qoffset on the femtocell or raising it on the serving cell).  However, exactly as described in Section 2.1.1, these measures will never distinguish between the “good” and “bad” femtocells, and any UE in macro coverage will be “encouraged” by these parameters to spend power measuring the femtocells.
If principle P2 above is adhered to, the problem should be limited simply by the sparseness of femtocells.  In its absence, however, UEs in macro service, and especially those on a different frequency from the femtocells, may incur a significant measurement cost.  We suggest, unfortunately, that this effect may be an unavoidable cost of supporting legacy UEs in a femtocell environment.

Problems with macro-only UEs
As indicated in Figure 1, a “macro UE” (i.e., one that is not allowed access to any femtocell) behaves reasonably well in this environment with respect to mobility.  However, in a situation where femtocells are reasonably densely deployed, macro UEs will tend to drift onto layers with no femtocells, meaning that any frequency on which femtocells are deployed will tend to become underutilised over time.  The seriousness of this problem depends on deployment issues such as the proportion (and level of mobility) of femto UEs in the user population, the denseness of femtocells and their visibility to macro users, &c.  It should be noted, however, that setting Sintersearch to a low value on the macro-only frequencies will tend to alleviate this problem; UEs will tend to find the “mixed” frequency easily due to Sintersearch, and will tend to find it attractive since it is underutilised.
The broader goal for macro UEs in this environment is to prevent them from measuring femtocells needlessly.  Unfortunately, for legacy UEs, there is simply no general way to inform specific UEs of cells that should not be measured.  UEs that go to connected mode could be given neighbour lists that exclude the femtocells (provided that the network can recognise that a particular UE needs this treatment), but for idle mode all UEs, femto- and macro-, will of course be receiving the same neighbour list.

If all femtocells have a specific PLMN, as has been suggested (e.g., in [2]), then UEs that have no interest in that PLMN can at least forgo measurement of any cells that they know to belong to it.  (However, it should be noted that this solution would still trigger the “300-second” behaviour and shift macro UEs away from any frequency layer containing femtocells.)
2.1.3. Public femtocells
Public femtocells, e.g., hotspot applications, raise very different issues from CSG femtocells such as home (e)Node Bs.  In general, it seems that a femtocell that offers service to all users should not be considered differently from any other cell; for interference reasons, UEs should operate on the best cell available to them, whether it is a femto- or macrocell.  It follows that mobility (in idle or connected mode) between a public femtocell and macrocells should take place with no particular special handling, and that all UEs, including femto-aware UEs, should treat a public femtocell as “just another cell”.
In particular, there is no evident reason (at the radio level) to assign public femtocells to a special PLMN.
3. Parameter settings and use of HCS

This section indicates how specific idle-mode parameters could be set to achieve the desired effects.  In this analysis we assume the availability of HCS as an additional means of distinguishing between home (e)Node Bs and macrocells.
We consider separately the cases where idle-mode parameters are set indiscriminately for all UEs (e.g., in a UMTS system where at least legacy UEs may have no ability to manage separate parameter settings for macrocell and home Node B cases) and where the network has the ability to set the parameters individually on a per-UE basis.
3.1. Parameters common to all UEs

The parameters of interest here are HCS priority, the “Ssearch” family of parameters, and the Qhyst and Qoffset parameters.  (In LTE deployments, of course, these parameters will not be exactly the same; however, we assume that parameters with similar functions will be available, and for this discussion we use the UMTS names, in the expectation that the correct interpretation in an LTE context will be clear later.)
3.1.1. HCS priority

Since only the relative priorities of different cells are important, we consider only relative priorities (“high”, “low”, “medium”) in this section.  The settings we propose in this case are as follows:

· Home (e)Node Bs: High priority

· Macrocells: Low(er) priority

Since these parameters are being sent to all UEs indiscriminately, it follows that even macro UEs will tend to prefer the HNBs for camping.  This effect is not especially desirable, but provided there is a second frequency layer, it is manageable due to the effects discussed above.
3.1.2. SsearchHCS, Sintersearch, Sintrasearch
In keeping with the general “attract UEs to the home (e)Node B” pattern, the goal of the “Ssearch” parameters will be to encourage UEs to discover a home (e)Node B when one is available to discover.  Since these parameters only affect measurement, not mobility, their impact on macro UEs is limited; however, as we shall see, the settings described do have some impact on the battery life of these UEs.

The proposed settings are as shown in Table 1.

	
	SsearchHCS
	Sintersearch
	Sintrasearch

	Home (e)Node B
	Low
	Low
	Low

	Macrocell (same frequency as home (e)Node Bs)
	High
	Arbitrary
	High

	Macrocell (different frequency from home (e)Node Bs)
	High
	Low
	Arbitrary


Table 1: Settings of search parameters

Since a signal strength above SsearchHCS causes the UE to search only cells of priority higher than or equal to that of the serving cell, these settings mean that UEs camped on a macrocell will tend to search for other cells (irrespective of HCS priority), while UEs camped on home (e)Node Bs will search only for other home (e)Node Bs (which have the same HCS priority), or for no cells at all (if the serving cell is strong enough to prevent searching even of equal-priority cells).  In other words, when a UE is not already being served by a home (e)Node B, it “tries hard” to find one; when it is already camped on a home (e)Node B, there is no great urgency to searching for a macrocell.
The settings of Sintersearch mean that once a UE is camped on a home (e)Node B, it tends not to search for inter-frequency cells.  A UE camped on a macrocell on another frequency is “encouraged” to search inter-frequency cells, to increase its chances of finding the home (e)Node Bs; of course, for UEs camped in macro cells on the same frequency as the home (e)Node Bs, Sintersearch has no effect.

It should be noted that there is some risk of a kind of slow-motion inter-frequency ping-pong for macro UEs, as they attempt to camp on a home (e)Node B, are rejected due to a forbidden location area, bar the frequency temporarily, move to a macro-only frequency, but then are “encouraged” by the low value of Sintersearch to rediscover the original frequency and potentially repeat the process.  To some extent this process can be controlled by the settings of other parameters, and the 300-second duration of the temporary barring should prevent it from becoming a problem for the network, but some level of this behaviour is the price of making UEs able to discover their own home (e)Node B.
Finally, the proposed settings of Sintrasearch have a generally similar effect; home (e)Node Bs become “sticky” (UEs camped on them tend not to search for other cells), and macrocells become “slippery” (UEs camped on them tend to search readily for other cells).  On frequencies with no home (e)Node Bs, Sintrasearch has no effects of interest.

3.1.3. Qhyst and Qoffset
In UMTS, the parameters Qhyst and Qoffset have generally similar effects, affecting the serving cell and neighbouring cells respectively.  A high value of Qhyst or Qoffset causes “slipperiness”, tending to repel UEs from the affected cell; a low one causes “stickiness”.  Accordingly, Qhyst should be set as follows:

· Home (e)Node Bs: High

· Macrocells on the same frequency as home (e)Node Bs: Low

· Macrocells on a macro-only frequency: Arbitrary

These settings have the same “sticky”/”slippery” effect as Sintrasearch, but affecting actual mobility rather than measurement.  In macrocells, the value of the hysteresis parameters may be restricted by the need to set appropriate values for “normal” mobility; however, the important thing here is the relationship between the parameters, and since home (e)Node Bs should have considerable leeway to set arbitrary values of Qhyst, this restriction should pose no real problem in practice.

The settings of Qoffset are more complicated, because they depend both on the character of the neighbour cell being described and of the serving cell itself.  We suggest the following principles:

· Home (e)Node Bs advertise high Qoffset values for neighbouring macrocells (i.e., “If you’re camped here, rank this neighbouring cell low”);

· Macrocells on any frequency advertise low Qoffset values for home (e)Node Bs (“Rank this neighbouring cell high”);

· Macrocells on any frequency make no special changes to the values of Qoffset they advertise for one another;

· If home (e)Node Bs advertise one another as neighbours, the corresponding values of Qoffset are open to discussion.

The second item in this list requires some consideration.  An alternative would be for macrocells on the same frequency as home (e)Node Bs to advertise low Qoffset values for the home (e)Node Bs, but for macrocells on other frequencies to make no special provisions; this approach would be consistent with the notion of allowing macro UEs to accumulate on the macro-only frequency and preventing them from attempting frequent mobility to home (e)Node Bs.  However, the cost of this approach would be that femto UEs arriving on the macro-only frequency would have difficulty locating their home (e)Node Bs, and in addition, as noted in Section 2.2.1, the “300-second” restriction will tend to prevent this problem from having a very large impact.
3.2. Parameters set per-UE

If the network has the flexibility to set parameters individually on a per-UE basis, its life becomes easier, because femto and macro UEs can be forced into different behaviour.  With similar rationales to those given in Section 3.1, we suggest the following settings.

For UEs known to be allowed access on some home (e)Node B:

· HCS priority:

· Home (e)Node Bs: High

· Macrocells on the same frequency: Medium

· Macrocells on other frequencies: Low

· SsearchHCS:

· Home (e)Node Bs: Low

· Macrocells on the same frequency: High

· Macrocells on other frequencies: Arbitrary

· Sintersearch:

· Home (e)Node Bs: Low

· Macrocells on the same frequency: Arbitrary

· Macrocells on other frequencies: Low

· Sintrasearch:

· Home (e)Node Bs: Low

· Macrocells on the same frequency: High

· Macrocells on other frequencies: Arbitrary

· Qhyst:

· Home (e)Node Bs: High

· Macrocells on the same frequency: Low

· Macrocells on other frequencies: Arbitrary

· Qoffset:

· Home (e)Node Bs advertise a high Qoffset for neighbouring macrocells

· Macrocells on any frequency advertise a low Qoffset for home (e)Node Bs

· Macrocells on any frequency advertise arbitrary Qoffset values for other macrocells

For macro-only UEs (noting that these UEs will never receive parameters from a serving home (e)Node B, since they are not allowed to use these cells):

HCS priority

· HCS priority:

· Home (e)Node Bs: Low

· Macrocells on the same frequency: Medium

· Macrocells on other frequencies: High

· SsearchHCS:

· Macrocells on the same frequency: Low

· Macrocells on other frequencies: High

· Sintersearch:

· Macrocells on the same frequency: Low

· Macrocells on other frequencies: High

· Sintrasearch:

· Macrocells on the same frequency: Low

· Macrocells on other frequencies: Arbitrary

· Qhyst:

· Macrocells on the same frequency: Low

· Macrocells on other frequencies: Arbitrary

· Qoffset:

· Macrocells on any frequency advertise a high Qoffset for home (e)Node Bs

· Macrocells on any frequency advertise arbitrary Qoffset values for other macrocells

4. Conclusion

From the analysis of Section 2, we draw the following general conclusions:

1. Home (e)Node Bs should not be deployed without a macro-only frequency layer;

2. Dense femtocells cause serious mobility problems for femto UEs;

3. Non-CSG femtocells require no special treatment.

We propose as well that idle-mode parameters in deployments with home (e)Node Bs should be sent as described in Section 3.
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