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1 Introduction
During RAN#56, a study item (SI) was initiated on UMTS Heterogeneous Networks [1]. One important aspect is how to ensure reliable reception of uplink control channels when there is a significant pathloss imbalance between different uplinks.
In this contribution, we propose additional text to be added to Sections 7.1.3.4 and 7.1.4 of the technical report [3] based on the discussion in [2].
2
Text Proposal
[-------------------------------------------------TEXT START -----------------------------------------------]
7.1.3.4 Dynamic power boosting
[…]

One scenario where dynamic power boosting, or rather UE initiated power boosting, could be very beneficial is for an initial UE grant request using the happy bit conveyed on the E-DPCCH. Poor reception of an initial grant request in the serving cell causes degraded end-user throughput or in worst case no UL granted rate at all.

7.1.3.7 Enhanced inner-loop power control restriction

One way of ensuring a reliable uplink towards the serving cell would be to restrict the existing power control procedure by enforcing the UE to only follow power control commands from the serving cell (the UE would ignore LPN issued commands or one would ensure that LPN commands are always UP). For this to work properly one need to add additional constraints to ensure that the interference towards the LPNs (and other cells) is controlled:

1) UE constrained - One alternative is to let the UE control that the effective data transmit power does not become too high. For example, the UE could compare its instantaneous transmit power with its average transmit power and autonomously adjust the serving grant to keep a reasonable data power. This alternative would require standard change.
2) Network constrained – Another alternative is to let the network adapt the serving grant via the E-RGCH, and possibly also adjust the UEs gain reference values in order to control the LPN received power. This alternative can be achieved without any standard impact as described in Section 7.1.2.x (ILPC restriction). It is, however, an open question whether new standardized signalling could improve the performance.

7.1.4 Evaluation of solutions for HS-DPCCH
[…]

Results for the methods described below and the simulation assumptions stated in Section A.5 can be found in Table 3. It can be noted that an overview of the methods is given in Sections 7.1.2 and 7.1.3, but here further details are specified in order to describe specific simulation settings.
· Desensitization (LPN padding) – This is a way of reducing/removing the imbalance that  can be implemented on the network side and can therefore be used to address all users. By applying desensitization, the received SINR in the LPN becomes worse. This implies that the UE needs to increase the transmit power to reach the SINR target which implies that the reception quality in the Macro improves. For the results in table xx the desensitization corresponding to the imbalance was applied in the LPN.
· New pilot channel – A new pilot channel is introduced in the UL that is only power controlled by the serving cell. Power offsets of essential control channels (HS-DPCCH and possibly E-DPCCH) are set relative to this new channel. The SINR target for the new pilot channel equals the DPCCH SINR target, i.e. -21dB.

· SINR target manipulation – The SINR target is increased to ensure that the quality of essential received signals in the serving macro is sufficient, e.g. DPCCH, HS-DPCCH and E-DPCCH. At the same time the reference gain values are reduced correspondingly to ensure that the effective E-DPDCH quality (as seen by the LPN) remains the same. In the results presented below, the increase in SINR target and reduction of E-DPDCH gain factors corresponds to the imbalance plus a fixed offset by 2dB which gives a margin for Macro diversity effects.

· Inner loop power control (ILPC) restriction – In this scheme the UE follows power control commands only from the serving cell (hence ignoring the LPN or LPN is always sending +1). Furthermore, a safety mechanism is introduced to control the level of interference towards the LPN. This can be done in several ways, but in the results the βed is scaled to ensure that the average E-DPDCH power in the LPN is kept roughly constant. In practice the safety mechanism can be UE or network controlled. 
· 
· 
Table 3: Required HS-DPCCH C/P and the excess receive Ec/N0 that achieve a ~1% miss detection probability for different imbalances. The excess Rx Ec/N0 is computed with respect to the baseline case (i.e., no solution applied or desensitization at 0 dB imbalance) at imbalance = 0 dB.
	Imbalance [dB]
	Required HS-DPCCH C/P [dB]
	Excess Rx Ec/N0 [dB]

	
	Desensitization
	ILPC & (ed restriction
	SINR target manipulation
	Secondary pilot
	Desensitization
	ILPC & (ed restriction
	SINR target manipulation
	Secondary pilot

	0
	4.0
	-3.1
	0
	-2.63
	0
	-0.25
	-0.25
	0.15

	3
	4.0
	-3.1
	0
	-2.63
	3
	0.7
	-0.1
	1.65

	6
	4.0
	-3.1
	0
	-2.63
	6
	2.0
	1.3
	2.9

	9
	4.0
	-3.1
	0
	-2.63
	9
	3.7
	3.25
	4.15

	12
	4.0
	-3.1
	0
	-2.63
	12
	5.85
	5.6
	5.7

	18
	4.0
	-3.1
	0
	-2.63
	18
	11.05
	11.1
	9.9


The results indicate that the ILPC restriction with E-DPDCH power constraint, the new pilot channel, and the SINR target manipulation schemes have very similar performance in terms of required transmit power and HS-DPCCH reception quality in the serving cell.

There are, however, some differences between the schemes that should be considered:

· The ILPC restriction and the SIR target manipulation schemes can be applied to legacy users and ensure reliable reception of all control channels (HS-DPCCH, E-DPCCH, and in-band E-DPDCH control information) in the serving cell. One question is how frequently the constraints (SIR target, reference values or serving grant) need to be updated for satisfactory operation. For legacy users, some of this information is conveyed via quite slow and expensive higher layer signaling, possibly making the schemes less robust. 

· Several Rel-12 enhancements can be envisioned, for example, the E-DPDCH power restriction can be handled autonomously by the UE, which makes it easier to respond faster to link imbalance changes, and thereby provides more robustness. One question is whether the UE should be allowed to change reference values, and not only the serving grant, autonomously as well.

· The new pilot approach requires standardization changes and is therefore not applicable to legacy users. Also, the baseline solution addresses only the HS-DPCCH quality. The scheme can, however, be updated to take also E-DPCCH information into consideration. There will be an impact on both network nodes and UEs since the physical layer needs to be updated with the new pilot channel, and extra receiver processing is needed to estimate the additional channel and handle the HS-DPCCH power control. A benefit of this approach is that it is very dynamic, robust and can respond quickly to changes in the link quality.

	
	

	
	

	
	
	

	

	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


[---------------------------------------------------TEXT END ------------------------------------------------]
2 Conclusion
In this contribution, a TP on the robustness of uplink control channels in heterogeneous co-channel network deployments is provided. The proposed text is based on [2] and complements the description captured by the rapporteur in the draft TR.

Proposal: Include the provided TP in Sections 7.1.3.4 and 7.1.4 of the TR [3]. 
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� Depending on how flexible signaling needed; higher-layer signaling is supported today, whereas more dynamic L1 signaling requires standard changes.





