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1 Introduction
In a mixed carrier HeNB deployment, a UE that is not allowed to access a HeNB can cause significant interference to the HeNB and the UEs in the HeNB cell. This problem was discussed during Release 8 ([1] [2]). However, it was decided to not solve this issue in Release 8. This is a significant problem for HeNBs deployed on a mixed carrier, and we propose to solve this issue in Release 9.
2 Discussion

According to release 8 specifications, a UE that finds a HeNB cell that it is not allowed to access to be the highest ranked cell, it is allowed to reselect to other cells on the same carrier. As a consequence, a UE that is close to the HeNB and not allowed to access the HeNB camps on the macro cell. UL transmissions from such a UE can cause interference to the HeNB UEs. Depending on the number of UEs in such a scenario and their transmit power, this could severely impact the HeNB operation. Furthermore, the TS22.220 includes the following requirements [3]:
· Deployment of H(e)NBs and NB/eNBs on the same spectrum should not degrade the performance of UEs receiving service from NB/eNBs.

· Deployment of H(e)NBs and NB/eNBs on the same spectrum should not degrade the NB/eNB’s coverage and capacity.

While this problem was recognized for Release 8 HeNB (CSG) operation, in Release 9, due to the support of additional HeNB functionality, the problem could be more serious. In addition to a UE causing interference to a closed access cell and the UEs therein, the following are possible:

1. Hybrid access HeNBs allow non CSG member UEs access depending on policies and load conditions. A UE that cannot access such a HeNB will cause interference to the hybrid access HeNB.
2. Closed HeNBs (CSG) can allow temporary membership. Thus a UE could search (via autonomous or manual search) and select such a HeNB and become a temporary member. When the temporary membership period ends, UE could reselect to another cell on the same frequency and subsequently cause interference to the closed HeNB.
The interference scenario is depicted in Figure 1. The interference caused to the HeNB by a UE is primarily dependent on the path-loss with respect to the macro eNB. In Figure 1, UE1 and UE2 are not allowed to access HeNB1 and HeNB2 respectively. HeNB1 is close to the macro eNB. UE1 that is close to HeNB1 needs to use a low UL transmit power and thus causes a relatively low interference to HeNB1. HeNB2 is farther away from the macro eNB. UE2 that is close to HeNB2 needs to use a high UL transmit power and thus causes relatively high interference to HeNB2.
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Figure 1 : Interference to inaccessible HeNB

The principal approach to solving this issue considered in Release 8 was to – wherever considered necessary – force the UE to reselect to a different frequency or RAT when it encounters a HeNB that it is not allowed to access. It was proposed to allow the HeNB to control this behavior of the UE by setting the Intra-frequency reselection (IFRI) indication to ‘not allowed’. If a UE a detects a HeNB that it is not allowed to access and ranks it as the highest, it reads system information of the HeNB – although it is not allowed to access it – to determine the IFRI setting. If the IFRI is set to ‘not allowed’, UE reselects to a different frequency or RAT, otherwise it selects the next ranked cell on the frequency (which would normally be the macro cell). 
The above approach was analyzed in [4] and it was identified that this results in unnecessary reselections. UE1 in the above figure may be forced to reselect to a different frequency or RAT even though it does not cause significant interference to HeNB1. A HeNB does not have a reliable way to set IFRI to “allowed” only when it is close to a macro cell. One could argue that a HeNB could incorporate a DL receiver and set IFRI to “allowed” based on the signal received from a macro cell. Forcing HeNBs to have DL receivers not only increases cost, but it also causes other problems: 

· The DL path-loss of the macro eNB signal seen by the HeNB may not be an accurate representation of the DL path-loss of the macro eNB signal seen by the UE. A HeNB may due to line-of-sight to the macro eNB see a low path-loss and set IFRI to ‘allowed’. However, a UE that does not have line-of-sight to the macro eNB could see a high path-loss. The result is that the UE uses a high UL transmit power and causes significant interference to the HeNB.
· This causes additional problems if a HeNB is located in the overlapping coverage of two macro cells. The HeNB may be close enough to one macro eNB so as to set the IFRI to ‘allowed’, but far enough from the other macro eNB so as to set the IFRI to ‘not allowed’. In this case the HeNB has to set IFRI to ‘not allowed’ causing unnecessary reselections for UEs on the first macro cell. 
In order to resolve this issue, we propose to first agree on the desired UE behavior:

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 if it is “not close” to the serving (macro) eNB. 
a. This behavior can be refined to further reduce unnecessary reselections. 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. The above behavior is captured in the following proposals:
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.
3 Conclusion
The issue of interference to non-allowed HeNBs has been discussed and the following proposals are provided as a way forward:
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.
RAN2 is requested to discuss and agree on the above proposals.
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