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1 Introduction

This contribution discusses the interference concerns arising from a UE’s inability to camp on a non-allowed CSG cell.  This discussion is related to [1] and [2].  
2 Discussion

2.1  Terminology

We will use the following terminology in this contribution:
· (e)NB can be either  NB or eNB.
· H(e)NB is a home (e)NB, also known as CSG cell

· M(e)NB is a macro (e)NB 

· MUE refers to a UE that is camped on the macro cell, and is not allowed on the CSG cell.

· HUE refers to a UE that is camped on a CSG cell. 

· The quantity “x2y” is used to mean “from node x to node y”. Here x and y may be a UE, or a (e)NB. 
2.2  Macro UE (MUE) interference to the non-allowed CSG cell (H(e)NB):
This interference scenario is illustrated in Figure 1. If an MUE is allowed to access the best macro cell (M(e)NB) within the coverage of a non-allowed H(e)NB, the interference to H(e)NB is shown as

IMUE2H(e)NB = SMUE2M(e)NB + (PL​MUE2M(e)NB – PLMUE2H(e)NB) 
 (1)
where IMUE2H(e)NB is the interference to the H(e)NB, SMUE2M(e)NB is the received signal power at the M(e)NB, and PL are the path loss from the MUE to the M(e)NB and H(e)NB. Further, it is possible that the power level SMUE2M(e)NB is different for different MUEs depending on the location of the MUE within the macro cell. For example, the MNB may desire to receive more power from MUE closer to the femto cell (to operate at higher modulation formats), and lower power from edge users (to operate at QPSK).
Suppose the M(e)NB and H(e)NB Tx power settings are 43 dBm and 15 dBm, respectively. In this case, the interference level at the H(e)NB is more than 28 dB higher than the useful signal received at the M(e)NB. 
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Figure 1 MUE transmission interfering with the UL channels of H(e)NB
To counter this high power signal from the MUE, the H(e)NB often increases its own Rx noise floor, which make the signal from the MUE comparable with the increased noise floor. Based on the extent of the noise floor enhancement, the H(e)NB performance can be improved if there is a certain path loss beyond which the MUE is not allowed to come closer to the H(e)NB. For example, if the enhanced noise floor is NH(e)NB dBm, and the H(e)NB wishes to operate in a region where the interference level does not exceed IoTH(e)NB dB, then the limit on the path loss of the macro UE can be calculated as
IMUE2H(e)NB = SMUE2M(e)NB + (PL​MUE2M(e)NB – PLMUE2H(e)NB)   <   IoTH(e)NB + NH(e)NB
This gives


(PL​MUE2M(e)NB – PLMUE2H(e)NB) < IoTH(e)NB + NH(e)NB - SMUE2M(e)NB
Based on the above equation, the network should be able to decide how close the MUE can come to the H(e)NB before there is unacceptable interference to the H(e)NB. If the MUE comes any closer than this limit, the MUE should 
(a) be redirected to another frequency, or 
(b) the MUE should be allowed to stay, if outage for the H(e)NB is acceptable because, for example, no HUE is currently present in the system.

Observation 1: The network should be able to determine a threshold on PL​MUE2M(e)NB – PLMUE2H(e)NB such that if the MUE is farther away from the HUE than this threshold, then the MUE can continue to camp on the current frequency. The threshold should be configurable per H(e)NB, because the target power SMUE2M(e)NB could be different depending on the location of the H(e)NB (see discussion of Eq.(1)).
Observation 2: When the MUE is closer to the HUE than this threshold, the network should be able to control whether the HUE is allowed to camp on the current frequency. This control could be exercised through a Boolean indicator that could be set differently on different H(e)NBs.
2.3  Home UE (HUE) interference to the macro cell (M(e)NB):

This interference scenario is illustrated in Figure 2. When a MUE starts UL transmission to the M(e)NB, the increase of interference at H(e)NB may lead to a significant increase of transmit power by HUE in order to overcome the MUE interference. The amount of interference caused by the HUE at the M(e)NB is a function of the MUE transmit power, HUE target SINR, and the location of MUE and HUE. More specifically, the interference power could be written as
IHUE2M(e)NB = SHUE2H(e)NB + (PL​HUE2H(e)NB – PLHUE2M(e)NB) 




> (SINR + IMUE2H(e)NB) + (PL​HUE2H(e)NB – PLHUE2M(e)NB)

= SINR + SMUE2M(e)NB + (PL​MUE2M(e)NB – PLMUE2H(e)NB) + (PL​HUE2H(e)NB – PLHUE2M(e)NB)

= SMUE2M(e)NB + SINR + (PL​HUE2H(e)NB – PLMUE2H(e)NB) + (PL​MUE2M(e)NB – PLHUE2M(e)NB)
(2)
Eq.(2) shows that the interference power caused by HUE to the M(e)NB is linearly proportional to the received signal power from MUE at the M(e)NB and the target UL SINR of the HUE. In addition, if the HUE is farther away from H(e)NB than the MUE, the path loss differential will be added to the interference to M(e)NB. 
Considering the same 28 dB transmit power differential as in the first example. Suppose the HUE SINR target is 10 dB and the H(e)NB is thermal limited before the MUE start transmission. In this case, the interference power from the HUE to the M(e)NB would be less than N0 + 10 dB – 28 dB, i.e., well below thermal noise. 
Now, suppose an MUE is colocated with the HUE, which is not the worst case scenario, and starts UL transmission. According to Eq.(2), in order to overcome the MUE interference at the H(e)NB, the HUE will be assigned a much higher transmit power and cause an interference level at the M(e)NB which is 10 dB above the MUE signal power. The lack of X2 at the H(e)NB can further aggravate the problem. If the MUE is targeting an SINR > -10 dB, this would lead to power racing between the HUE and the MUE, and potentially network instability.
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Figure 2 HUE transmission interfering with the UL channels of M(e)NB in response to the MUE interference at H(e)NB
For the scenario discussed here, observations 1 and 2 equally apply.

Figure 3 further illustrates this using the offset “Delta”. Here, Delta is the additional amount by which a MUE is allowed to penetrate the nominal coverage area of the H(e)NB. We have argued in this contribution that this “Delta” should be network controllable, and there are advantages if it is settable separately for each femto cell. 
Note that in a multi-frequency deployment, when an UE is very close to a non-allowed CSG cell, the UE’s CPICH Ec/No or RSRQ measurement of the second highest ranking cell could go below the Sintersearch threshold. In this case, the UE would perform inter-frequency cell re-selection to a different frequency and not cause any interference to the non-allowed CSG cell. 
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Figure 3 Additional threshold ( allows the network to control the interference level and the size of the coverage hole
3 Conclusions 
It is recommended that RAN4 should consider drafting a response to the RAN2 LS, which includes observations 1 and 2. 
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