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1
Introduction
The problem of link imbalance in Hetnet deployments has been discussed in [3], [4] and some solutions to tackle the same have been mentioned in [5]. In [2] equations have been described which govern the absolute value of the link imbalance when viewed from the UE perspective. 

In this paper, we propose an enhancement to the UE functionality so that it could measure and report the instantaneous link imbalance to the network. The knowledge of the link imbalance seen from the UE perspective could be useful in different scenarios e.g. adjusting the OLPC SIR target to an optimal level, helping the network to correct the offset of the HS-DPCCH channel during single cell HSDPA and HSDPA Multiflow operation, triggering of the right mobility procedure to avert a radio link failure, as an input to the SON functionality in tuning network parameters (e.g. CIO, receiver desensitisation and primary CPICH power of LPN) to control the absolute amount of link imbalance, triggering SRB change from HSPA to DCH when confronted with quite high imbalance etc.
2
Calculating the absolute value of link imbalance
Reusing the equation from [2], the link imbalance is evaluated by the following formula:

The level of UL-DL imbalance, sometimes also called Mismatch in UL/DL (MUD) MUD is defined as 

MUD = (PTX, MN – PTX, LN) + (NRX, MN – NRX, LN)
 










(1)

PTX, MN and PTX, LN are the macro and LPN cell maximal transmitted power in dBm, respectively, when the same percentage of total power are reserved for P-CPICH (alternatively these are also the transmitted P-CPICH powers when a different percentage of total power is used for this channel),

NRX, MN and NRX, LN are the macro and LPN cell Rx sensitivity (or the receiver noise figure), respectively.

For example, the macro cell transmits a maximum of 20W (43 dBm). The allocation to its P-CPICH is usually 10% (i.e. 33 dBm). As an example, if we assume that Rx sensitivity is the same in macro and LPN nodes (NRX, MN – NRX, LN = 0) and that macro and LPN cells use the same percentage of Tx power for P-CPICH channel then the imbalance level in (1) is just a difference of the transmitted pilot power of both the macro and the LPN.
Equation (1) may be further refined to factor desensitization in the LPN and taking into account the receiver implementation difference and current UL RoT (Rise over Thermal) level in the cells. Equation (1) then becomes:

MUD = (PTX, MN – PTX, LN) – (LPNdesense + ULRCF)










(2)
Where,

ULRCF = (RoTMACRO - RoTLPN) – (G_DIVMN – G_DIVLN) - (G_EQMN – G_EQLN) 

(3)
LPNdesense is the desensitization applied to the LPN

RoTMACRO, RoTLPN being the average Rise over Thermal (RoT) level in macro and LPN cells

G_DIV is the diversity gain and G_EQ is the equalization gain of the respective nodes.

Observation 1: The calculation of link imbalance, based on the above equation, is a network view and the UE uplink transmits power does not correspond directly to this difference.
Equation (3) does not factor in the channel conditions seen by the UE and it would be incorrect to assume that the pilot powers of the nodes are attenuated by a propagation loss directly proportional to the line of sight. In some of the cases the conditions may be favourable or unfavourable to the UE which will not be directly known to the network.

The following equation is more representative of the situation at the UE side.

MUD = (RSCPMN – RSCPLN) – (LPNdesense + ULRCF)









(4)

Where, RSCP is the Received Signal Code Power of the primary CPICH (from the respective stations) and will vary depending on the propagation conditions seen by the UE.

The RSCP is also received in the RNC so the imbalance could be calculated in the network side. However when UE calculates this directly the UE can react immediately to the imbalance situation without waiting for network response, for example: channel boosting level could be calculated directly and applied to UL control channels like HS-DPCCH. 

Observation 2: The network operation would be improved if the link imbalance considers the UE view.
3
Link imbalance measurement reporting 
The legacy measurement is insufficient because it is plainly reporting the RSCP or Ec/No of all cells in active set. Also, setting up of these measurements is optional and not always followed on all network implementations. The rate of reporting of these periodical measurements is also slower (few 100 msec) to control the rate of the uplink signalling messages and avoid uplink signalling overload. Hence, altering the reporting criteria to make the measurement come faster will only drain both the network and UE of resources.
A new measurement event/type is needed which helps accomplish reporting the measured difference of RSCP viewed by UE from Macro and each LPN in active set. Kindly note that information about LPN would be known by making P-CPICH transmit power IE of each cell known to UE in the NCL parameter. Furthermore, event triggered (similar to 1E/1F) or periodic reporting of this difference could be set up for this measurement.

Observation 3: In the Hetnet context it would be desirable for the network to have a new measurement type i.e. dedicated event defined for link imbalance reporting. The reporting criteria and triggers could be decided by the network using dedicated signalling.

Once the network receives the imbalance measured by the UE (either periodically or based on specific event), the network could take suitable actions.
4
Conclusion

The knowledge of the link imbalance seen from the UE perspective could be useful in different scenarios e.g. adjusting the OLPC SIR target to an optimal level, helping the network to correct the offset of the HS-DPCCH channel during HSDPA/HSDPA Multiflow operation, triggering of the right mobility procedure to avert a radio link failure, as an input to the SON functionality in tuning network parameters (e.g. CIO, desense and primary CPICH power of LPN) to control the absolute amount of link imbalance, triggering SRB change from HSPA to DCH when confronted with quite high imbalance etc.
Proposal 1: Consider a separate measurement type/event for link imbalance.

Proposal 2: Consider, optionally, sending network specific parameters ULRCF and LPNdesense to the UE so as to synchronize the calculation at the UE. 
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