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1. Introduction

In [3], a summary was provided with respect to two possible solutions for E-UTRA inter-frequency and inter-RAT cell reselections:

· usage of UE priorities as proposed in [1]

· usage of inter-frequency and inter-RAT quality offsets, common and UE-specific as proposed in [2]
Some issues were raised such as setting of the offsets, risk of frequent inter-frequency reselections and ping-pong, and how to address inter-RAT reselections towards legacy RATs.

In this contribution, we would like to look into more details as these aspects assuming some network deployment, and we consider what cell selection/reselection policy could be used, and also how load balancing is expected to happen.
2. Discussion
We take as an example a E-UTRA only PLMN deployment, i.e. no legacy network deployment or spectrum allocations, the most rational network deployment is to use only one frequency, with 20 MHz bandwidth cells, i.e. cell bandwidth is only limited by UE receiver capability, and add neighbour frequency while re-using the same sites more capacity is needed.
In this case, the same services are available in all cells, and cells on the same site have the same coverage. When a new frequency is being deployed, it may be first only available in denser areas, where the capacity has become insufficient.

Assuming the new carrier deployed is using a frequency from the same band (or a “neighbour” band), when re-using the same cell sites, the capacity will be increased in the areas where the new carrier is deployed, i.e. dense urban areas as illustrated in Figure 1. In this case, it is expected that a UE will see almost the same quality on the legacy and on the new carrier. 
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Figure 1: Capacity increase with a new frequency (same band)
The inter-frequency cell selection/re-selection could be random, e.g. the UE at power on would randomly select either carrier if both are available (50%), and stay on the current carrier. If initial cell selection is based on scanning E-UTRA RF channels, and possibility using stored information, it is likely that more UEs will select the legacy frequency because it has larger deployment.

In order to avoid congestions in the legacy carrier when it is becoming loaded, the network can redirect UEs that attempt to connect to the other frequency, and such redirections should be normally successful. They will add limited load on the legacy carrier, as only initial random access/response and RRC connection request/reject would be needed. However, this may increase the random access collisions.

Alternatively, the network can try to avoid or recover from imbalance between the two carriers using the following means:

· allocation of different priorities for frequencies 1 & 2 for a certain UE population (split UE population, e.g. UEs that prefer carrier 2, UEs that don’t have preference or prefer 1) or;
· broadcast an inter-frequency offset from BCCH (that favours the new carrier) or/and;
· allocation of UE-specific offsets (UEs have different “affinity” for the 2 carriers, e.g. 4 different offset values) 
2.1. Quality offsets
Calling the legacy carrier 1, and the new carrier 2, there will be such parameters as:

· on carrier 1 cells:  Qrxlevmin1, Qqualmin1, Qhyst1, Qoffset1->2 & Sintersearch1->2 

· on carrier 2 cells: Qrxlevmin2, Qqualmin2, Qhyst2, Qoffset2->1 & Sintersearch 2->1
The R criterion is defined as

Rs = Qmeas,s + Qhysts
Rn = Qmeas,n - Qoffsets,n

Ideally, in normal balanced conditions, 50% UEs should select carrier 2 when it becomes available, and the other UEs could stay on carrier 1.
UE will be aware of start of carrier 2 coverage by system information in carrier 1 cells. However, in area where both carrier 1 and carrier 2 coverage are available, there will be cells with equal quality on both carriers, so if (Qoffset + Qhyst) is positive, UE will always change carrier, and if it is negative, it will never change carrier.

2.2. UE-specific quality offsets

Therefore, UE-specific interfrequency Qoffset is necessary, e.g. UEs will use 
Qoffset =  Qoffset1->2 + QoffsetUEspecific.
2.2.1. Camping load balancing

Suppose 10 values of UE-specific Qoffset are allocated, e.g. (0dB, 1dB, 2dB, … 9 dB) when UEs do TAU, with equal UE population. Then, if Qhyst is 3db and Qoffset1->2 is -8dB:

· UEs with QoffsetUEspecific from 0dB to 4dB will prefer carrier 2,
· UEs with QoffsetUEspecific from 5dB to 9dB will prefer carrier 1.

2.2.2. Adapting to local load conditions

However, UE-specific interfrequency offset may not be sufficient because

· UE population is not randomly distributed within TA (e.g. local concentration of UEs that prefer carrier 1)

· carrier may be unequally loaded, hence 50%-50% balance could not be the preference

In order to solve this, UE-specific interfrequency offset can be combined with cell-specific interfrequency offset. 
If in certain cells, load of carrier 1 is too large, preference for carrier one can be decreased by modifying Qoffset1->2 and Qoffset2->1 broadcasted on BCCH, e.g. by 1dB, which causes around 10% idle UEs to change carrier after some short time.
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Figure 2: UE-specific & cell-specific interfrequency Qoffset

According to figure 2, UE2 will change carrier when entering or leaving the loaded area. In order to avoid frequent inter-frequency reselections if UE2 stays at the border of loaded area, it is possible to use larger interfrequency Treselection.
2.3. UE priorities
As proposed in [1], it is possible to assign priorities to UEs, e.g. certain UEs will not consider carrier 2 at all, while other UEs will prefer carrier 2 and consider carrier 1 as a lowed priority carrier.

In this case, UEs that prefer carrier 1 will always be camped on carrier 1, while UEs that prefer carrier 2 will always change carriers at the border of carrier 2 coverage, and too frequent interfrequency reselections can be avoided by using interfrequency Treselection.

Similarly, the camp load balancing can be achieved as follow:

1. half the UE population is allocated carrier 2 preference, other half only consider carrier 1

2. at TAU, the network may change the UE priorities, e.g. if carrier 1 is more loaded, some UEs would be allocated a preference for carrier 2

However, within a TA, there is less flexibility, i.e. the UEs will behave according to previously allocated priorities, and it is not possible to move a certain UE population already in the area from one carrier to the other one.

Also, if the operator normally reserves carrier 2 for a certain priority subscribers that would experience better service in carrier 2 coverage areas , in case of local congestions, the operator would need to select one by one priority UEs that  will be “downgraded” to camp on carrier 1, while congestion is not in the whole TA.
3. Other scenarios
In previous section, we did not discuss the following cases:

· multi-carrier E-UTRAN PLMN with carrier in different frequency bands, e.g. 900MHz vs. 2GHz

· multi-RAT PLMN, i.e. E-UTRAN/UTRAN, E-UTRAN/GERAN, E-UTRAN/UTRAN/GERAN
3.1. Multi-carrier multi-band E-UTRAN PLMN
When a carrier on a different band is used, e.g. 900MHz vs. 2GHz, the following effects can be expected

· better indoor penetration of lower frequency

· longer range outdoor coverage
As a consequence, it is possible to

· ensure full coverage of a dense area while using only a sub-set of existing eNB sites

· provide coverage for rural areas at reasonable cost

In Figure 2, we illustrate an example of such deployment.
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Figure 3: Mixed 900MHz and 2GHz deployment

In this case, the assumption about similar cell quality is no more true, especially:

· at the edge of certain 2 GHz cells, 900MHz cells have higher quality
· 900 MHz carrier cells have better indoor penetration

· 900 MHz may be more loaded because they have better coverage

So the coverage area of each carrier can not be so well compared.

Static allocation (e.g.  50% UEs on carrier 1 and 50% UEs on carrier 2) may not achieve proper camp load balancing between the two carriers in all cells of a TA.

If the eNBs can dynamically adapt to the local load conditions, it is possibly for the network to dynamically arrange camp load balancing according to network load conditions, so that the full network capacity is used.

3.2. Multi-RAT PLMN
In the case of a multi-RAT PLMN, we can expect similar conditions like for the multi-band E-UTRAN PLMN. However, it is true that measured quantities are different, i.e. they may not scale well with each other.
3.2.1. Using Quality offsets

If relative quality of different RATs perceived by a UE would randomly change (i.e. random increase of all E-UTRAN cells over UTRAN cells and of UTRAN over E-UTRAN cells), then inter RAT Qoffset alone may be more difficult to use. However we are not aware of any such phenomenon.
If different RATs have different relative qualities among UEs, e.g. due to different combinations of receivers in UE implementations, then the operator may not accurately indicate a preference for a certain RAT for a particular UE. As a consequence, load balancing may not be performed in the order preferred by the operator, i.e. certain users may not be on the preferred operator carrier, so they must be redirected or handed over upon connection, or a specific adaptation is needed.
However, this will not cause any load balancing problem, as the network can adapt the cell-specific Qoffset values for proper load balancing.
3.2.2. Using priorities

In this case, the opposite effect is reached: while UEs always camp on the preferred RAT, camp load balancing is achieved in a static manner, i.e. imbalance is likely to happen, either locally (unequal load conditions in a TA) or in a whole area (unequal UE distribution).
4. Conclusions

In this contribution we have provided some initial analyses and comparisons for inter-frequency and inter-RAT cell reselection:

· for inter-frequency case

· using static allocation of priorities and UE-specific Qoffset can have similar results

· using UE-specific Qoffset and cell-specific Qoffset allows eNB to dynamically adapt

· to unbalanced UE populations

· to local load conditions

· for inter-RAT case, some further evaluation are needed and guidance from operators
We propose that RAN2 considers the above conclusion to progress on the inter frequency LTE cell reselection, and evaluates the same scheme for the inter-RAT cell reselection case.
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