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1 Introduction
At RAN#53 plenary, a work item on multi-flow transmissions for HSDPA was opened wherein it shall be possible to have simultaneous transmissions to one UE from multiple cells belonging to different sectors. Although the configurations that shall be supported and the related HS-DPCCH solution is still being discussed, it is clear that inter-site NodeB operation will be supported in the work item. In order to benefit from MF-HSDPA transmissions it is however crucial that the HS-DPCCH carrying the HARQ-ACK and the CQI information can received with acceptable quality at both NodeBs. This contribution focuses on this topic.
2 Discussion
In the 3GPP specifications, as well as in practice, there exist several base station classes (macro, micro, etc.). Amongst other things are characterized by their transmission powers and in practice there will exist scenarios where NodeBs from different base station classes co-exist. One example is when a macro layer is complemented by a small power base station in a traffic hotspot. The traffic hotspot scenario was also mentioned as one example of when MF-HSDPA would be beneficial during the study item. During the study item it was also shown that in order to benefit from MF-HSDPA transmissions, the received signal power from all participating NodeBs have to be on par with each other. A scenario where a UE is in the soft handover region of a macro and a small power NodeB is shown in Figure 1. 
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Figure 1: Considered scenarios where a UE is in SHO with a macro and small power NodeB. 
For this type of deployments, the strongest downlink NodeB is not necessarily the best NodeB from an uplink perspective. Furthermore, if a serving cell change is based on downlink Ec/Io or RSCP then there can be a considerable uplink imbalance between the two base stations.
The quantized gain factors that are supported up until Rel-10 are shown in Table 1. It should be noted that the network only can signal a value between 0 and 8 to the UE and that this is performed via the RRC protocol. The offsets corresponding to value 9 and 10 are used for certain MC-HSDPA configurations. 
The suitable ACK, ACK and CQI for MF-HSDPA deployments will be implementation dependent and the link imbalanced that could be compensated by means of the existing signalling is shown in Figure 2 (as a function of the signalled ​values in current deployments). From this figure, it is evident that if, for example, the same power is used for DPCCH and HS-DPCCH (i.e. ​ the total link imbalance (accounting for both the difference in fast fading and the differences in path loss of 6 dB) can be handled. 
Table 1: Summary of the list of supported gain factors for HS-DPCCH physical channel.
	Signaled values for  ACK, ACK and CQI
	Quantized amplitude ratios  

Ahs =hs/c
	Difference in Tx power between adjacent signaled  values

	10
	48/15
	2.03

	9
	38/15
	2.05

	8
	30/15 
	1.94

	7
	24/15 
	2.03

	6
	19/15 
	2.05

	5
	15/15 
	1.94

	4
	12/15 
	2.5

	3
	9/15 
	1.02

	2
	8/15 
	2.5

	1
	6/15 
	1.58

	0
	5/15 
	-
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Figure 2: The maximum uplink asymmetry that could be handled given a signaled (and used) power offset for a balanced scenario.

In our view it is questionable whether the existing power offsets are sufficient for ensuring a sufficient HS-DPCCH quality when the UE is in SHO between a macro and a small-power NodeB.

2.1 Ensuring HS-DPCCH quality at all Node-Bs 

There are several approaches to address the problem of guaranteeing a sufficient HS-DPCCH quality. A solution that we believe would be fairly simple is to increase the range of the ACK, ACK and CQI values used by the UE and also to introduce L1 HS-SCCH orders whereby the Node-B could inform a UE to change HS-DPCCH power offset. To avoid ping-pong effects between NodeBs, one could consider either to only allow NodeBs to increase HS-DPCCH power offset with HS-SCCH orders (i.e. it would not be possible to ask the UE to reduce the HS-DPCCH power offset by means of HS-SCCH orders) or to introduce specific ACK codewords for acknowledging the reception of HS-SCCH orders requesting an increased/decreased power offset. The main benefit of increasing the range of the gain factors used for HS-DPCCH transmissions is that larger imbalances can be supported. The main benefit of introducing the possibility to change power offsets by means of L1 HS-SCCH orders is the reduction of the RNC load and avoidance of delays associated with 

· Having the NodeB signal to the RNC that the HS-DPCCH performance is too poor, and the delay associated with

· Having the RNC signal to the new power offsets to the UE and NodeB. 

It could also be discussed whether it only should be possible to transit these values by means of HS-SCCH orders or whether it also should be possible to signal more than 9 existing values via the RRC protocol. 
3 Conclusions
In this paper we discussed the HS-DPCCH quality for MF-HSDPA when the UE is served by two NodeBs; one having strong a transmit power and one having weak transmit power. To ensure the quality of the received HS-DPCCH we proposed to enlarge the range of the ACK, ACK and CQI values used by the UE. This allows for support of larger imbalances and avoids delays associated with RNC signalling.  
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