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1.
Introduction

In RAN4#47bis, there were discussions into how the system interference impacts [1,2,3] could be limited when Home NodeB (HNB) is deployed, particularly for adjacent channel case where its interference to macro NodeBs and other Home NodeBs is more severe. 
Therefore, this paper extends those discussions and provides the rationale to emphasize on adjacent channel co-existence scenarios. Subsequently, the methods and tests to limit the adjacent channel interference for realistic Home NodeB deployment scenarios are proposed. 
2.
Rationale for Adjacent Channel Interference Tests
In [4], various realistic interference scenarios have been studied and this provides good deployment guides to operators. According to those scenarios, operation of HNBs adjacent to other carrier frequencies (e.g. other operators) will be unavoidable. Such scenarios include the HNB(s) from one operator operating close to macrocell(s) of other operators, and HNB(s) from one operator operating close to HNB(s) of another operator (e.g. apartment scenarios). 
Therefore, these scenarios could cause serious mutual interference issues, especially the knock-on interference effect to the macrocell layer. Hence, some form of tests to minimise or avoid completely the problem should be considered. Such tests will be important in high interference case, especially when the HNB is allowed to operate in larger ACS value [3].

3.
Actions by Home NodeB

Uplink
In order to ensure inter-operator co-existence in the uplink, the knowledge of overall home UE Tx power in the system is important. However, it may not be sufficient to just cap the UE Tx power or the noise rise limit. Hence a combination of noise rise limit and coverage requirement would need to be considered, as illustrated by the following sequence of events and actions by the HNB:
1. Macro UE transmitting at high power close to the HNB. Hence it reduces the uplink capacity of the HNB.  
2. If HNB noise rise reaches a certain limit, the HNB increases its noise rise limit to allow for greater capacity. 

3. More Home UEs served by the HNB are transmitting at higher power due to increase in the noise rise.
4.  The HNB should monitor how close it is to other Macro/HNBs when making the decision of by how much to increase the noise rise limit by, for instance, monitoring the CPICH RSCP level of the adjacent channel macrocell or HNB. However, if dynamic noise rise threshold [UL] is used, there should also be a cap on the noise rise threshold such that it will not create too much interference to the adjacent channel macrocell or HNB. The HNB also needs to know what the CPICH pilot Tx power of the adjacent channel macro cell or HNB was so it can understand pathloss correctly.
5. Providing a cap on the maximum UE Tx power by the HNB or by reducing the downlink pilot power of the HNB would allow reducing the power (i.e. reducing the coverage) that is being transmitted in the uplink by the HUE(s).
Downlink
For the downlink case, it is important to control the HNB Tx power to mitigate downlink interference, as illustrated by the following sequence of events and actions by the HNB: 
1. HNB is deployed close to macro NodeB. Hence the capacity of the HNB cell is reduced (vice versa, the capacity of macrocell is also reduced). 
2. HNB would increase its Tx power, but this would be problematic if it was close to the edge of the macro cell, or,

a. HNB would control its Tx power such that it did not increase its power too much when it is close to the edge of the macro cell. 
3. The Home NodeB would need to know the pilot power transmitted and received from the adjacent macro cells, so that it could determine how much Tx power it is allowed to increase with minimum impact on its downlink coverage and macro cell interference.
4. HNB would “cap” its maximum Tx power to minimize the impact on the macrocell.

Note that the above scenarios will equally be applicable to the case of adjacent channel Home NodeBs co-existence in both uplink and downlink. 
4.
Proposed Test Methodology
The proposed test will be conducted in Lab environment with RF cables/components, duplexer switches, measurement equipment/logging tool and RF attenuators. The test format shall conform to TS 25.141. The test will be divided into uplink and downlink part using the same set of equipment and configuration. The high level diagram below shows the concept:
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Uplink Tests

Baseline configuration: HNB has a default noise rise limit with default coverage that provides good co-existence towards other NodeBs in all scenarios specified in [4].

Proposed configuration:

Test 1 - Close to other NodeBs: The HNB with default configuration has two RRC connected UEs. One UE transmits at full power, and one UE transmits at average power. Both UEs operate at full buffer condition. The CPICH RSCP of a NodeB on adjacent channel is high when measured by the DL Receiver function in the HNB. An adjacent channel interfering UE transmtting at a given power is added to the system. The maximum amount that the HNB noise rise may increase is XdB, where X is FFS.
Test 2 - Far from other NodeBs: The HNB with default configuration has two RRC connected UEs. One UE transmits at full power, and one UE transmits at average power. Both UEs operate at full buffer condition. The CPICH RSCP of a NodeB on adjacent channel is low when measured by the DL Receiver function in the HNB. An adjacent channel interfering UE transmitting at a given power is added to the system. The maximum amount that the HNB noise rise may increase is X+YdB, where X is obtained from Test 1 and Y is FFS.

Note: In both tests, the minimum coverage requirements and other RF requirements such as dynamic range, ACS, etc. as specified in TS 25.101 and TS 25.104 should also be met.
Downlink Tests

Baseline configuration: HNB has default downlink Tx power that provides good co-existence towards other NodeBs in all scenarios specified in [4]. 

Proposed configuration:

Test 1 - Close to other NodeBs: The HNB with default downlink Tx power serves two RRC connected UEs. One UE transmits at full power, and one UE transmits at average power. Both UEs operate at full buffer condition. The CPICH RSCP of a second NodeB on adjacent channel is high when measured by the DL Receiver function in the HNB. This second NodeB transmits at full power. The maximum amount of HNB’s own channel Tx power is A dBm, where A is FFS.

Test 2 – Far from other NodeBs The HNB with default downlink Tx power serves two RRC connected UEs. One UE transmits at full power, and one UE transmits at average power. Both UEs operate at full buffer condition. The CPICH RSCP of a second NodeB on adjacent channel is low when measured by the DL Receiver function in the HNB. This second NodeB transmits at full power. The maximum amount of HNB’s own channel Tx power is A + B dBm, where A is obtained from Test 1 and B is FFS.
 Note: In both tests, the minimum coverage requirements and other RF requirements such as dynamic range, ACS, etc. as specified in TS 25.101 and TS 25.104 should also be met.
4.
Conclusions

In this contribution, we have proposed some methods and tests to ensure that the adjacent channel interference caused by Home NodeB deployment can be limited. 
If the Home NodeB wants to increase the downlink Tx power, some minimum requirements would be needed to ensure inter-operator coexistence.

Hence RAN4 would need to make sure that:

a) The Home NodeB does not increase its maximum Tx power too much when it is deployed at or near the cell edge of another NodeB.

b) The increase in Home NodeB maximum Tx power is controlled as the distance between Home NodeB and other NodeBs, and cell load of neighbouring HNBs varies.
c) The Home Node B only increases the noise rise limit for the default coverage when needed due to interference from UEs of the other system.

d) If the Home Node B with increased noise rise limit and under high interference case is moved closer to another Node B site, it may be required to reduce the coverage relative to the default such that the overall UE Tx power does not increase.
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