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1 Introduction
The UL/DL imbalance or mismatch in HetNet deployments can be addressed by the network in a manner that is backwards compatible with legacy UEs [1][2]. In this document, we discuss a number of system issues, related to a selection of network-based methods. We observe that available RNC-Node B signalling, namely the Reference RTWP measurement, does not allow the network nodes to distinguish between the variation of interference and the adjustment of receiver sensitivity. On the other hand, there are scenarios where such distinction would be beneficial in HetNet deployments. Therefore, we propose to disambiguate the relevant network signalling and propose that RAN1 discuss the best way to achieve this.
2 Discussion

2.1 Scenarios for Network-Based Solutions

This section covers a number of scenarios where UL/DL imbalance can be addressed by network-based solutions.
2.1.1 LPN Range Expansion

LPN range expansion (RE) may be achieved via a number of methods, including macro Node B TX Power Reduction [3] or CIO [4].
The RE mechanisms are based on adjustments to DL parameters and measurements. Nevertheless, one assumed positive effect of range expansion is the mitigation or removal of the UL interference scenario, where a UE served by a Macro cell causes interference into a nearby LPN cell which is not included in the UE’s active set.
To achieve offload, macro Node B TX Power could be reduced down to LPN TX Power level; alternatively, a high CIO value could be configured for an LPN. Given that RX sensitivity may differ significantly between a macro Node B and an LPN (up to 14 dB according to the requirements [5]), RE must not be conducted in isolation from UL parameters. Specifically, ignoring UL receiver sensitivity may lead to a detrimental UL interference distribution, where UEs served by an LPN inject excess interference into the macrocell. An associated detrimental effect is the ‘reverse’ UL control channel coverage problem at the serving LPN in soft handover.
2.1.2 Autonomous LPN RX Sensitivity Adjustment

To better match the UL and DL coverage, an adjustment to receiver sensitivity could be performed autonomously by the LPN [6]. Such adjustment should be communicated to the RNC to support admission and load control, as well as for correctly setting open loop PC parameters in the UEs.
2.1.3 RNC Driven LPN RX Sensitivity Adjustment

Desensitizing (padding) the LPN receiver, compared to a macro Node B, can benefit LPN UL RoT stability as well as LPN UE throughput [6][7][8] in HetNet scenarios.
RNC controlled desensitization has some advantages, compared to the autonomous approach. For example, the de-sensitization can be coordinated and varied according to the LPN class. This is desirable, as the amount of RX balancing should be dependent on the difference between the macro and LPN maximum TX powers.
In any case, a mechanism is needed for signalling RX sensitivity adjustment from the RNC to the Node B.

2.2 Tools Supporting Network-Based Solutions

As explained in the previous section, a number of network based solutions would benefit from signalling of receiver sensitivity or target receiver sensitivity between the RNC and the Node B.
To some extent, the “Reference RTWP” (RRTWP) measurement could be used for such signalling [9]. The description of this measurement is quoted below for convenience.
	9.2.2.39B
Reference Received Total Wide Band Power

When sent by the CRNC, the Reference Received Total Wide Band Power indicates the reference UL interference (received noise level) for a certain cell or cell portion under CRNC. This value may be used for E-DCH scheduling in the Node B.

When reported by the Node B, the Reference Received Total Wide Band Power indicates the reference UL interference (received noise level as an estimate of the noise floor) estimate from the Node B. This value may be used, e.g. for admission or congestion control in the CRNS.
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Reference Received Total Wide Band Power

INTEGER (0..621)

The Value mapping is according to mapping for measurement type "Received Total Wide Band Power" in TS 25.133 [22].




RRTWP can be sent either by the RNC to the Node B or reported by the Node B to the RNC. However, the RRTWP measurement has some important limitations:
· When RRTWP is reported by Node B to the RNC, it is not clear if such a report corresponds to the UL interference level alone, or if it reflects the UL interference as well as an autonomous Node B receiver sensitivity adjustment. It could be argued that the specification wording permits both types of behaviour.
· When RRTWP is sent by the RNC to the Node B, it is not clear if the Node B implementation will be limited to using this value as an RoT reference or if it will result in an adjustment to Node B receiver sensitivity.
To take full advantage of the network-based solutions, it would be beneficial to decouple UL interference and UL receiver sensitivity signalling. The motivation for this can be understood better from the following examples:
· Range Expansion: Figure 1 illustrates the reverse UL interference and control channel coverage problem that may take place if receiver sensitivity is not accounted for in range expansion. The issue is that it is not possible to anticipate this problem just before implementing RE on the network side: the high RRTWP reports from the LPN prior to RE could be attributed to UL interference from macro UEs instead of poor RX sensitivity, leading the network to proceed with RE in good faith.
· RNC Controlled Sensitivity Adjustment: The RNC would like to exercise control over Node B’s receiver sensitivity but there is nothing to prevent the Node B from further updating this parameter. This may be in conflict with the RNC RRM strategy, including receiver de-sensitization and range expansion (although an “on/off switch” could be envisaged to allow or disallow the autonomous LPN behaviour).
· Autonomous Node B Sensitivity Adjustment: A change to RX sensitivity should be accompanied by an update to UL open loop PC parameters broadcast in the cell to ensure correct PRACH preamble TX power setting. The reason for this is that a change to RX sensitivity is expected to be a relatively long-term phenomenon, measured in hours or days, as opposed to the interference level variation which can be short lived. However, as it is currently not possible for the RNC to distinguish between the two possible sources of RRTWP measurement variation (interference vs. RX sensitivity), the open loop PC update that follows an autonomous Node B sensitivity adjustment is likely to suffer a delay, which could affect the RACH procedure.
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Figure 1  Range expansion not accounting for RX sensitivity difference, leading to ‘reverse’ UL problems.

Based on the above discussion, we believe that there is sufficient motivation to introduce NBAP signalling which allows the network to distinguish Node B receiver sensitivity from UL interference phenomena. This should focus on the following aspects:
· Providing receiver sensitivity related signalling such as:

· Signalling originating from the Node B, to inform the RNC about receiver sensitivity value or adjustment performed in the Node B.

· Signalling originating from the RNC, to recommend receiver sensitivity adjustment to the Node B.
· Providing signalling that reflects interference variation. For example, the existing RRTWP signalling could be confined for this purpose. It can be further discussed if such signalling should aim to reflect only the interference, or both the interference and receiver sensitivity measurement.

The following specific proposals are made:

Proposal 1: Introduce network signalling which allows the Node B and RNC to distinguish receiver sensitivity from interference variation.

Proposal 2: Discuss further the scope and details of receiver sensitivity related signalling.
3 Conclusion
In this document, we presented a number of HetNet scenarios where it would be beneficial to distinguish receiver sensitivity phenomena from interference variation. The following specific proposals were made:

Proposal 1: Introduce network signalling which allows the Node B and RNC to distinguish receiver sensitivity from interference variation.

Proposal 2: Discuss further the scope and details of receiver sensitivity related signalling.
A text proposal capturing the discussion is included below.
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-------------------------------------------- start TP to 25.800 --------------------------------------------

7.1.2 Solutions for legacy terminals

Receiver Sensitivity Related Signalling
In this scheme, NBAP signalling is introduced which allows the network to distinguish Node B receiver sensitivity from UL interference phenomena, namely:
· Signalling originating from the Node B, to inform the RNC about receiver sensitivity value or adjustment performed in the Node B.

· Signalling originating from the RNC, to recommend receiver sensitivity adjustment to the Node B.

The above signalling could support the coordination of Node B sensitivity between the RNC and Node Bs so that the preferred UL/DL imbalance/mismatch setting can be implemented in the network, from the point of view of UL control channel coverage, UL RoT stability and system capacity.
-------------------------------------------- end TP to 25.800 --------------------------------------------
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