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1
Introduction
In RAN2#65bis a [7, R2-092416] was discussed and it was concluded that RAN2 will have a email discussion on IFRI handling for CSG cells for REL9. Whether we can come to any conclusion we should then consider whether it is allowed to already implement the behaviour for REL8 UEs. It should be noted that similar problem exists both in UTRAN and EUTRAN. Please see below extract from the C-plane meeting minutes [R2-092681]:
R2-092416:
IFRI and CSG handling - Potential problem
Nokia Corporation, Nokia Siemens Networks

-
Motorola is a bit surprised about this contribution. We did discuss this quite extensively for Rel-8. We agreed that UE’s ignore IFRI on CSG cells, and non-CSG UE’s do not need to receive system information from CSG cells.

-
TMO is concerned that with the proposed behaviour, a UE which meets a non-allowed CSG cell would be cut off from a mixed layer for 300s. So if we go this way, we would have to use another timer value. Nokia agrees the proposed solution is not perfect, but assumed sufficient. Nokia thinks it is better to have this “burden” then the holes created by interference.

-
Nokia agrees that maybe for Rel-8 this is to late. Nokia wonders if we could maybe do it for Rel-9 and allow this behaviour by Rel-8 UE’s. This could be discussed later. First we should establish if people agree there might be a problem.

-
IDT wonder if it is realistic to assume all CSG cells loaded with 50% ? More realistically the cells would probably be loaded much less ?

-
Vdf thinks this will often cause inter-frequency reselections which are not really needed (if the UE camps in a mixed layer).

-
Motorola remarks that the assumption seems to be that the shared carrier is the higher priority. However why have it that way ? It seems more logical to have the macro layer as the highest priority. Nokia remarks that many operators might only have 1 carrier.

-
QC thinks for CSG UE’s, the mixed layer could be the highest priority in order to limit inter-frequency reselection.

-
QC assumes this is something we should take seriously.  QC supports Nokia’s proposal.

-
Chairman remarks that we took our decision based on RAN4 input. Nokia agrees that it is a bit strange that this comes up now. Motorola thinks we did take a conscious decision based on RAN4 input. 

-
NTT DCM shares the Nokia concern initially. However afterwards we did agree to the current behaviour. Still NTT DCM thinks this is something important to look at for Rel-9.

-
IDT thinks current behaviour is preferable.

-
Vdf thinks the most likely deployment scenario is that we have one mixed LTE layer. If the UE leaves that layer, we talk about inter-RAT reselection. Nokia agrees with this, but still it is better to perform this inter-RAT reselection than being out of service.

-
One solution would be that non-allowed CSG cells are barred cells with IFRI set to “not allowed”, and  barr that one cell for 300s. Nokia would be fine with this proposal.

-
QC would prefer to look at the IFRI; even non-CSG UEs would look at the IFRI.

-
Huawei thinks there are other mechanisms to handle this.

-
Nokia would at least like to have this for Rel-9.

-
TMO thinks the 300s is clearly not acceptable. There should be other leaving conditions.

-
Samsung supports looking at the IFRI, but think it is too late for Rel-8.

-
NTT DCM thinks Qqualmin introduction for suitability criteria would help.

=>
Can have an email discussion up to next meeting to see if we can improve this behaviour for Rel-9. Can still then discuss Rel-8 applicability/allowance. [EMAIL DISC Nokia]
2
Problem Description
The problem is basicly in the shared carrier (i.e. carrier with both macro and CSG cells) when it is set as the highest priority for UEs, but a co-located lower priority frequency carrier (or other RAT) with no CSGs is also deployed. In such a case: 

· a non-accessible CSG cell on the shared carrier may cause heavy DL interference to a UE on a macro cell moving close to it, and

· UE on a macro cell may cause heavy UL interference to UEs attached to the CSG cell, and UEs attached to the CSG cell may cause UL interference to UEs attached to the macro cell.
If the UE ignores the IFRI bit broadcast by the CSG cell, it will most likely select to the macro cell. This may result in UE camping in a cell that is suitable and hearable, but suffers from heavy interference which causes lower connection quality for UE initial access. For more details on the issue please study the simulation results presented in [7].

By keeping the current definition of IFRI on CSG cells it may also occur that UEs without access to a very nearby CSG cell could experience network coverage blackouts, i.e. the UE seems to be in service but in practice no actual traffic can be initiated due to interference from the nearby CSG. This could create ‘black holes’ in the macro cell level when deploying CSG cells on shared carrier with macro layer. 
In this case the UE should move to another frequency or RAT. Another potential solution is to control the output power of the CSG cell, but it seems rather difficult to remove this problem entirely especially if macro cell user is in an indoor environment with non-accessible CSG deployment.

Comments: 
Motorola: A few comments on the DL interference study and results in [7]:

· The assumption of a 50% load in every TTI in every CSG cell seems unrealistically high. Load in CSG cells is likely to be low and bursty (given that a small number of UEs are expected to be connected at any time).

· The coverage hole problem occurs when the CSG cell signal is significantly stronger than the macro cell signal. For this to occur UE has to be quite close to the CSG cell (very close to the CSG cell if the CSG cell is in the interior of the macro cell and moderately close to the CSG cell at the periphery of the macro cell). If a UE is very close to the CSG cell, chances are the user is at home and the CSG is an allowed CSG (and the problem is absent). This aspect is not taken into account in the study.

· The setup consists of two carriers – a higher priority shared carrier and a lower priority macro-cell-only carrier. UEs are effectively made to camp on the shared carrier where they are likely to experience the interference problem, and are then made to reselect to the lower priority carrier when the interference problem is observed. We think a more logical setup would be to make the macro-only-carrier the higher priority carrier and the shared carrier lower priority. CSG UEs would still (according to Release 8 rules) treat the shared carrier as highest priority when they find a suitable CSG cell. 

ZTE:

1. I would assume UE will not use high transmitting power when UE stay in CSG cell due to limited coverage of CSG cell, so why does UE cause uplink inteference to macro cell when it attached to the CSG cell? 

2. As for solution in section 3.3 my understanding is CSG cell would always have downlink interference on UE when detect it as best cell wherever it is. the only difference is (potential) uplink interference to CSG cell when UE is not close to macro cell due to higher transmitting power. is it correct?

Motorola:

For 1: To our knowledge UL interference from CSG cell UE (UE that is attached to CSG cell) to macro cell UE is not a significant issue.
For 2: A macro cell UE that is close to a CSG cell always experiences some DL interference from CSG cell. However, the DL interference could be more or less severe depending on the macro cell signal level - if the UE is far away from the macro cell the DL interference from the CSG cell could be problematic; and if the UE is close to the macro cell it may not be a problem 
Nokia: 

For 1: To our understanding when UE is in the edge (or close to edge) of CSG cell if UE has transmission ongoing it causes interference as presented by [7]

For 2: The severity of the interference experienced may vary depending on the location in respect to macro and CSG cell. However in order to provide acceptable level of service to CSG users, the CSG cell needs to adapt its TX power to ensure that it is stronger than the macro cell even when it is situated to close to macro cell. This could be of course due to isolation, but nevertheless CSG DL interference can be experienced throughout the macro cell.
Qualcomm: In addition to the reduced connection quality due to interference, the UE will also be unable to receive pages from the macro cell even if the RSRP is high for both the non-allowed CSG cell and the macro cell. For example, if the non-allowed CSG cell is recieved at -90 dBm and the macro at -100 dBm by the UE, the SINR is ~ -10 dB, making it difficult for the UE to receive pages.
InterDigital

· We agree with Motorola that a 50% load in every CSG cell seems unrealistic

· To our understanding the severity of the problem depends on the difference between the received levels of the desired signal from the macro cell and the unwanted signal from the aggressor CSG cell (SIR). For a given signal level difference (or SIR) the severity of the issue should roughly be independent of the absolute level of the macro cell signal. So we are not sure about Motorola’s point above.

· We agree that it would make more sense that the mixed carrier is assigned a lower priority than the macro-only carrier. However, there is another possibility which is that there is no macro-only carrier at all, i.e. the only layer is the mixed carrier.

3
Solution Proposals
3.1
Inteference calculations

Using load based measurements in order to circumvent this problem (i.e. that the UE experiences high interference when close to a non-accessible CSG cell with high traffic load) could be imagined as a possibility. The [7] states that the problem arising from using load based measurements on UE side of a CSG cell, would be based on the basics of the traffic understood to be the primary source of traffic in E-UTRAN – namely packet based traffic. One characteristics of this traffic type (maybe with exception of VoIP) is that it is very bursty and non-predictable in nature. It may be expected that the traffic would be even burstier in the CSG cells, due to lower number of active users. This makes the use of such traffic load based measurements questionable both in how to define such measurements and how to apply them in reselection
Pros:

· When there is strong load in the CSG cell UE could reselect to different frequency
· Already existing in UTRAN (Qqual)

Cons:

· Packet based traffic may not be suitable for load based measurements utilizations
· Additional measurement quantity for idle mode for EUTRAN 
· Possible unnecessary reselections due to short term RSRQ measurement results showing interferences problems

Comments:

Motorola:

Different UEs may react differently to a given interference condition (measurements are performed by UEs at different times). This method could also cause unnecessary reselections – for example, high load in the macro cell can cause a low RSRQ measurement of the CSG cell, resulting in reselection from the frequency (even though CSG cell load is low).

Qualcomm: In R4-091332, Qualcomm proposed to have RSRQ measurements for idle state cell reselection. No new physical layer measurements are required, only need to divide the RSRP measurement with the RSSI measurement.

Since RSRQ measurement is taken over the same time/frequency as the broadcast channels, the load variation that affects the RSRQ measurement also affects the broadcast channel reliability. Hence, RSRQ is the proper metric
Nokia: First to Motorola comments – If RSRQ measurement of CSG cell is “bad” then I assume there is some interference coming from neighbouring cell which should result in reselection, but as said earlier as the packet based traffic is bursty this kind of measurements could lead to unnecessary reselections.  
Then to Qualcomm: To my understanding RSRQ has not been utilized in the IDLE mode in EUTRAN and this would mean that we would need to introduce some rather complex signalling/UE behaviour? Furthremore even though it is correct that the minimum measurement bandwidth has same BW the broadcast channels, but UE may use wider measurement bandwidth (up to the system BW) and no time domain correspondance has been defined. Actually the RSRQ measurement has been shown to be sensitive to the intra sub-frame RSSI level variations. In addition as noted also earlier by Motorola, the CSG load could be very burstly making the RSRQ measurement very unreliable to detect the interference. As already noted, in practical terms this may lead to unnecessary reselection and undesirable ping-pong behaviour and at the same time the interference from CSG cells may remain problematic 
InterDigital:

In the problem scenario the interference is likely to be dominated by a single aggressor CSG cell. Given the likely burstiness of the traffic coming from a specific CSG cell we do not see a solution based on interference estimation as very attractive, as it could result in either unnecessary reselection (if the UE happened to measure during a period of high activity) or not detecting the issue (if the UE happened to measure during a period of low activity). 
3.2
Barring the frequency

In [1] it is proposed to change the current behaviour such that if the UE reselects a non-accessible CSG cell the UE will bar the whole frequency layer for 300 seconds. Problem with this is that UE will not reselect to macro cell of shared carrier for 300 seconds after UE has detected non-accessible CSG cell to be strongest. To circumvent this one could remove limitation in case strongest cell changes similarly to 5.2.4.4 second paragraph handling:
If that cell and other cells have to be excluded from the candidate list, as stated in subclause 5.3.1, the UE shall not consider these as candidates for cell reselection. This limitation shall be removed when the highest ranked cell changes.
Pros:

· UE with allowed CSG list empty does not need to read SIB1 from CSG cells as UE can utilize reserved PCIs for CSG information to determine that UE can just bar the frequency in case non-allowed CSG cell is strongest. Similarly to a UE with allowed CSG list not empty can omit reading SIB1 from all cells UE does not consider to be possible candidates for allowed CSGs. 

· Clearly solves the problem without need to do complex simulations

· Could be easily utilized for REL8 UEs if desired as just behaviour is changed and no new parameters are required
· Simple to introduce to both UTRAN and EUTRAN
Cons:

· UE will not reselect to macro cell of shared carrier for 300 seconds after UE has detected non-accessible CSG cell to be strongest. To circumvent this one could remove limitation in case strongest cell changes, however may increase the amount of ping-pong re-selections.
Comments:

Motorola:
· Replaces the problem of potential interference with the problem of potentially excessive reselections (e.g., macro UE reselects to a different frequency/RAT even though there is not much activity in CSG cell).

· The additional reselections can impact UE battery life.

· An LTE operator may have a single LTE carrier which is used as a shared carrier to deploy macro and Home eNBs. In this case, a UE may spend very little time in LTE even when in LTE coverage.
Qualcomm:

· Macro UEs are thrown out of the frequency more often than necessary
Nokia:
First of all operator that has only one carrier with both macro and CSG cells is probably quite rare and even normal multi-carrier/RAT scenarios we think that it is better to have a solution than not a solution at all which could mean that UE thinks it is camped nicely on a cell, but in fact it is not in service due to possible interference from neighbouring cell. If we bar the whole frequency for 300 seconds then the reselection would occur only every 5 minutes. And if we remove the barring from frequency when the highest ranked cell changes then there is no problem for one carrier deployments, but as said earlier if the UE is in the area where the best ranked cell changes all the time a unnecessary reselections could occur (as well as with all other proposals), but I assume that these are quite seldom . 
InterDigital:

· What happens if there is no other (good) frequency layer where macro cells are deployed? The UE would simply be denied service for 300 seconds. This seems like a worse outcome than the original issue to solve considering that the concern is the UE as a victim of interference.

· The UE in many cases will not have performed inter-frequency measurements for a long time since by assumption the mixed HNB/macro layer is the highest priority frequency. This may result in a longer time until the UE can find another cell on the frequency, during which the UE doesn’t have a cell to camp on.

· Considering that one of the main problems we are trying to solve here is the UE being aggressed by a CSG cell, the solution of “helping” this UE by altogether (and immediately) denying it access to a frequency layer seems a bit brutal to us. This could be a case where the cure is worse than the disease, considering that in most cases the load from CSG cells will not be as high as in the simulations. It would be preferable if the UE had the chance to make some inter-frequency measurements before being expelled from the mixed layer. One way to do this is for the UE to consider this layer as the lowest priority as described in section 3.5 below.
Nokia: Question to IDT – how probable you think is that NW does not have any other frequency/RAT available? And what would be the benefit to stay on the carrier where you cannot have any access? Is there also reason why you haven’t seen same problem for all other barring cases? 

WeI think we should not think about some extremely complex methods to solve problems that will not exist in real life. 
3.3
Pathloss Based Solution

Two Pathloss based solutions are possible. The first completely disregards the IFRI setting of the HeNB and the second conditionally uses the IFRI setting.
Solution 1:

1. A UE that ranks a non-allowed HeNB as the best cell is allowed to remain on the frequency if it is “close” to the serving (macro) eNB.

2. A UE that ranks a non-allowed HeNB as the best cell is expected to reselect to a different frequency or RAT if it is “not close” to the serving (macro) eNB.

Solution 2:

1. A UE that ranks a non-allowed HeNB as the best cell is allowed to remain on the frequency if it is “close” to the serving (macro) eNB.

2. A HeNB can set IFRI to ‘allowed’ (or ‘not allowed’) depending on absence (or presence) of UEs attached to it (this could be based on tracking area updates, motion detection etc). Then a UE that ranks a non-allowed HeNB as the best cell reselects to a different frequency/RAT only if the IFRI is set to ‘not allowed’.

The determination of whether a UE is “close” to a serving eNB can be done by using a path-loss threshold.  So in Summary the proposals in [8] are:

Proposal 1: A UE that ranks a non-allowed HeNB as the best cell is allowed to remain on the frequency if its path-loss with respect to the serving cell is less than a threshold.

Proposal 2: A UE that ranks a non-allowed HeNB as the best cell and observes a path-loss with respect to the serving cell that is greater than or equal to the threshold:

· Checks the IFRI of the non-allowed HeNB

· If the IFRI is set to ‘not allowed’ then the UE bars the frequency and reselects to a different frequency or RAT.
Pros-Solution 1:

· Operator/NW has more control when UE stays camped on macro cells

· Minimizes barring/inter-freq reselection to only those situations where UE’s transmit power is likely to be high.

Cons-Solution 1:

- New parameter required to be signalled and utilized 

- How do you set pathloss parameter?

Pros-Solution 2:

· Operator/NW has more control when UE stays camped on macro cells
· CSG cell has more control to avoid interference (can set IFRI to ‘allowed’ most of the time and ‘not allowed’ only when there is significant activity or a certain load level is reached).

· Minimizes barring/inter-freq reselection to only those situations where UE’s transmit power is likely to be high and IFRI is set to ‘not allowed’.

Cons-Solution 2:

- New parameter required to be signalled and utilized 
- Even UE with empty allowed CSG list needs to check SIB1 (IFRI) of CSG cell if pathloss is greater than a threshold i.e. reading of SIB1 is required for all UEs from all CSG cells that fulfil pathloss criterion. Similarly to a UE with allowed CSG list not empty can omit reading SIB1 from all cells UE does not consider to be possible candidates for allowed CSGs
- How do you set pathloss parameter? 
Comments:

Nokia: For solution 2: Does UE need to regularly check the IFRI of non-allowed CSG to know when it is not anymore allowed to camp on this frequency? How do you avoid ping ponging with your solution – isn’t the problem in setting the parameter similar to 3.2 solution i.e. in case when UE is around the border of pathloss parameter  it may be at one point of time it is above and at other below? And how do you know to which value you set IFRI bit?
InterDigital

These solutions seem to address the problem of the HNB being aggressed by a UE connected to a macro cell. The solutions do not address the problem of the UE being aggressed by a CSG cell, because (as we explain in section 2) for a given signal level difference between the CSG and the macro cell the severity of the issue should roughly be independent of the absolute level of the macro cell signal. In other words, even if the UE is “close” to the macro cell there would still be a problem in the case the non-suitable CSG is better ranked since the SIR would still be bad.

Motorola: There is no ping-pong. If the UE is above the threshold and the IFRI is set to ‘not allowed’, UE bars the frequency for 300 seconds. If it is below then UE simply stays on the frequency. UE would need to check the IFRI with some periodicity (every 10 mins or so) as long as the unallowed CSG cell is the highest ranked. The IFRI setting has to be done by the CSG cell based on some loading criteria. 
3.4
RSRP difference (new solution from Qualcomm)

When a non-allowed CSG cell is the highest ranked cell, the macro UE may still receive reasonable service from the eNB, where the DL SNR could still be 6 dB above Qin. One remedy to solution 3.2 (Barring the frequency) is to specify an offset between the RSRP of the serving cell and the non-allowed CSG cell.

We summarize our solution for Release 8 and 9 UEs as

Release 8 UEs

· The UE shall ignore IFRI

· If the difference in RSRP between the current serving cell and the unallowed CSG cell becomes less than a fixed parameter, the UE shall re-select to another frequency or RAT

Release 9 UEs

· The UE shall ignore IFRI

· If the difference in RSRP between the current serving cell and the unallowed CSG cell becomes less than a configurable parameter, the UE shall re-select to another frequency or RAT

Comments:

Nokia: Could you clarify the UE behaviour a bit – When does UE check this configurable parameter and is it broadcasted in the macro cell or on the CSG cell? Is the RSRP difference parameter checked after UE has determined a best cell and performs reselection, or is it done before reselection is performed?

Of course also pro/con list should be fulfilled for this approach, but first I’d like to understand how this method works.

Qualcomm: The UE checks this configurable parameter after it has determined the best cell and is performing reselection. The configurable parameter could be sent from the macro eNB or from some previous visited eNB (just as for other CSG information such as CSG-PCI range). Sending the parameter from the CSG cell will mean some extra work for the UE, and we currently don’t see benefits of sending the parameter from the CSG cell.
InterDigital:

In general we have the same comments as for solution 3.2. There seems to be a problem in case the mixed layer is the only “good” frequency layer. Also the time required to successfully reselect to another layer (if available) could be long as typically the UE would not have performed any inter-frequency measurement prior to being expelled from the mixed frequency layer. The difference with solution 3.2 is that the operator could potentially control the trade-off between excessive cell reselections and poor service on the mixed layer by adjusting this new parameter. However it is not clear how easily this parameter could be adapted in a real deployment.

Motorola: A question to Qualcomm. The description of the solution suggests that: if RSRP_macro – RSRP_CSG < parameter then UE reselects to another frequency. This would imply that UE reselects to a different frequency even if the non allowed CSG cell is not the highest ranked. Is this correct? This would imply much more inter-freq reselections than even solutions in 3.2.
Should this instead be: if RSRP_CSG – RSRP_macro > parameter then UE reselects to another frequency? 

The remaining comments assume that the intended formulation is “RSRP_CSG – RSRP_macro > parameter”.

We think selecting a single reasonable value for the parameter is difficult. Suppose the parameter is set to 3 db. That is, UE reselects to another freq when non allowed CSG cell is 3db better than macro cell. This would mean that if the UE is in the outer annulus of the macro cell, it can be quite close to the non allowed CSG cell and still remain on the frequency and because of the distance from the macro cell, UE can cause significant UL interference in CSG cell.
3.5
Deprioritization of mixed layer

This solution works basically the same way as in 3.2, except that instead of barring the frequency layer the UE de-prioritizes the frequency layer (this means that it assigns it a lower priority than what was signalled by the network). 

Proposal: A UE that ranks a non-allowed CSG as the best cell considers the frequency of this CSG to be the lowest priority frequency (i.e. lower than the eight network configured values).

This will result in the UE making inter-frequency measurements and in a likely reselection to another layer, if available. 

As in solution 3.2, the deprioritzation could be for a maximum amount of time (say 300 s) or until the best ranked cell on the mixed frequency changes (and be suitable) if the UE could detect this.

It would also be in principle possible to use a minimum RSRP difference (before deprioritization) as suggested in 3.4, if deemed worthwhile.

Pros

· In case there is no other layer where good service is available, the UE remains in the mixed layer – which is a better outcome than moving to another frequency where poor or not service is available (especially if the CSG load in the mixed layer was not so high).

· The UE is allowed to remain camped on a suitable macro cell on the mixed frequency while inter-frequency measurements are performed to find a suitable cell on another frequency, thus maintaining connectivity for paging.

· Solution is simple to specify and implement as it relies on existing priority mechanism.

Cons

Comments:
Nokia:  Is this intended to work also in UTRAN where the priority based reselection is not mandatory between UTRAN frequencies? Could you clarify why it is better to stay on mixed layer where you cannot have any access and in fact possibly contribute to caused interference? And how do you intend that lowest priority frequency layer vs. highest priority CSG is intended to be solved?
Motorola: The benefits of this proposal are somewhat unclear. In the barring approach, UE ranks the non-allowed CSG cell highest, considers the serving frequency to be barred, measures other frequencies and selects a cell on another frequency. With this approach, the UE ranks the non-allowed CSG cell highest, considers the serving freq to be lowest priority causing measurement of other frequencies, and selects a cell on another frequency. In both approaches, the measurement of other frequencies occurs after the non-allowed CSG cell ranks as the highest. So there seems to be no difference in the time to taken to reselect to the other freq or which frequency is selected. And this would have the same issues as with the barring approach.
5
Conclusion
In the email discussion it seems that many companies think that there is a problem that needs solving, but on the other hand many companies also expressed that severity of the problem may not be as high as anticipated in [7]. Thus the solution proposals proposed – 5 in total – seem to all have different sort of benefits/problems – One can categorize solutions to two different parties: Ones utlizing some sort of radio level before checking/utilizing the IFRI bit and others to not consider the carrier of unallowed CSG in reselection. There does not seem to be majority behind any of the proposals so it is impossible to make the decision based on the email discussion on the final outcome – even if the problem needs solving is still something that probably needs more verifying.
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