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1 Introduction
MF-HSDPA will enable HSDPA transmission to a single UE from multiple downlink sectors (possibly belonging to different sites) simultaneously. By transmitting independent transport blocks from the different cells, user data rates in softer and soft handover (SHO) regions can be improved. However, to benefit from MF-HSDPA operation in practice it is important that the HS-DPCCH quality at all cells wherefrom the downlink transmissions occur can be guaranteed. Besides from lowering the L1 downlink throughput of the link associated with poor link quality (since HARQ-ACKs etc. cannot be reliably received) it is worthwhile noting that the overall RLC throughput will be determined by the link associated with lowest L1 downlink throughput. 
As the uplink is power-controlled by the best uplink cell, and the HS-DPCCH is transmitted with a fixed power offset with respect to DPCCH it will be difficult to guarantee the quality of the HS-DPCCH at all Node-Bs in the active set. This is in particular true when there is an imbalance in the uplink. To a certain extent this problem already exists in current deployments when a UE is power-controlled by the non-serving Node-B.
 However, in the legacy the UE only receives downlink transmissions from the Node-B with strongest downlink (path gain) and the instantaneous difference in uplink quality is thus only caused by fast fading variations associated with the links. For a MF-HSPDA scenario on the other hand the difference in uplink quality wherefrom downlink transmissions occurs will be composed of 
· The difference in path gain and 
· The difference in the instantaneous fast fading. 
The difference in path gain that can be expected to depend on how the active set is managed compared to the legacy scenario and the maximum imbalance will be R1a (R1b) dB larger. Hence the problem associated with uplink imbalance will be more severe for MF-HSDPA.
To ensure that the HS-DPCCH performance is guaranteed in MF-HSDPA deployments this contribution proposes that the existing range of ACK, NACK and CQI values which the S-RNC can signal to the UE is extended. This will allow that larger uplink imbalances can be supported and in our view this modification would have a limited impact on existing specifications. As a further possible optimization we discuss whether it should be possible to change signalled offsets by means of HS-SCCH orders. This would avoid RRC reconfigurations and allow that the network can respond in a more timely fashion to changed HS-DPCCH quality.
2 Discussion
To decide whether a UE should be configured in MF-HSDPA operation, the S-RNC will rely on existing mobility events and a reasonable policy would be to configure the UE with MF-HSDPA when it is in softer/soft HO and the load of the cells is sufficiently low. As was shown during the study item, for the system level gains associated with MF-HSDPA it is important that the SHO region is large. This requires that the event 1a and event 1b thresholds are set rather aggressively and in the study item R1a=6 dB and R1b = 6dB was used.
In a macro scenario (see Figure 1) this will imply that the path gain difference between the two Node-Bs can be up to 6 dB at the SHO boundary (even in case delays associated with the time-to-trigger and RRC reconfigurations are ignored). As the UE is power controlled by the Node-B associated with strongest instantaneous uplink channel quality (i.e. the DPCCH and HS-DPCCH quality at the other Node-B) at the other NodeB, who is not power-controlling, will be uncontrollable. 
A scenario where the UE is in SHO with two macro base stations is illustrated in Figure 1. We note that the uplink imbalance that the UE needs to combat will increase for MF-HSDPA operation. This is due to that both NodeBs will need to detect the HS-DPCCH quality (for MF-HSDPA operation) as opposed to the case where only the NodeB with strongest UL (since the UE will conduct serving cell change) in legacy operations.
Table 1: Illustration of the link imbalance that the needs to be combated by a UE. Since the HS-DPCCH will need to be decode by both NodeBs (i.e. also the Node-B with weak uplink path gain) for MF-HSDPA operation a high HS-DPCCH power will be required. Note that the minus-sign here reflects that the HS-DPCCH also needs to be received and decoded at the Node-B with weaker 
	
	HSDPA
	MF-HSDPA

	Point A
	G1A-G2A = 6 dB
	G1A-G2A = -6 dB

	Point B
	G1B-G2B = 0 dB
	G1B-G2B = 0 dB

	Point C
	G1C-G2C = 6 dB
	G1C-G2C = -6 dB


To ensure that HS-DPCCH quality can be maintained for the MF-HSDPA operation a higher HS-DPCCH power offset would be needed (as compared to legacy operation). It should be noted that this power offset would typically need to be larger than the difference in path gain (to also account for the independent small-scale fading).
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Figure 1: A macro scenario with legacy operation. Note that since serving cell change will occur at ‘point B’ it will always be the Node-B with strongest path gain that will need to the receive the HS-DPCCH (since the HS-DPCCH only is received by one of the NodeBs).
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Figure 2: A macro scenario with MF-HSDPA operation. Note that since both Node-Bs will need to receive HS-DPCCH the UE will need to combat an uplink imbalance of R1a (R1b) [dB] in MF-HSDPA operation.
As we noted in a previous contribution [1], Node-Bs with different downlink transmit power will co-exist in practical network scenarios and in such scenarios the problem of ensuring HS-DPCCH quality will become even more challenging. To maximize downlink performance in such deployments it would be desirable to base the serving cell change on the downlink quality (received Ec/I0 or RSCP). For MF-HSDPA this would be even more important since the received powers associated with the different cells need to be on par with each other. A scenario where serving cell change is based on downlink RSCP is illustrated in Figure 2 and with the same Event 1a and Event 1b thresholds it is seen than the difference in uplink path gain will be considerably larger.
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Figure 3: Macro and low power node. In this scenario the uplink imbalance at the point where the UE exits SHO will be considerable.
3 Numerical evaluation

This section evaluates the difference in instantaneous channel strength between
· The Node-B with weakest (long-term) path gain where the HS-DPCCH needs to be received, and

· The Node-B in the active set with strongest (long-term) path gain in the active set

Both a legacy scenario where downlink transmissions only occurs from Node-B with strongest path gain and a MF-HSDPA where the HS-DPCCH needs to be received at both Node-Bs. The evaluation is performed as a function of the long-term path gain imbalance G12 which describes the difference in path gain associated with the two Node-Bs.
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Figure 4: Imbalance as a function of the of the path gain imbalance between the two Node-Bs. 
4 Proposed mechanism
To ensure HS-DPCCH quality in scenarios where the path gain is unbalanced an operator has the following methods are at hand:

1. Configure the HS-DPCCH physical channel with a larger power offset in case of a UE is configured with MF-HSDPA,

2. Repeat the HARQ-ACK and/or PCI/CQI when poor HS-DPCCH performance is detected in one of the cells wherefrom downlink transmissions occurs,

3. Adapt the SIR target so that the HS-DPCCH performance at all Node-Bs wherefrom data transmission occurs can be guaranteed,
or a combination thereof. Out of these methods we notice that alternative 2 will result in that the downlink throughput is reduced whereas alternative 3 results in that uplink cell throughput is reduced (since a larger portion of the available RoT budget will be consumed by the UE). Hence, in our view alternative 1 is the most efficient option.

The quantized gain factors that are supported up until Rel-10 are shown in Table 2. Note that the network only can signal a value between 0 and 8 and that the offsets corresponding to value 9 and 10 only are used for certain MC-HSPA configurations. What ACK, ACK and CQI values that is suitable will in general depend on how the uplink is operated (e.g., BLER target). The link imbalance that could be compensated by means of the existing signalling is illustrated Figure 5 (as a function of the signalled ​values in current deployments). It is evident that range of ​values that can be signalled is fairly limited.
Table 2: 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 5: The maximum uplink asymmetry that could be handled given a signaled (and used) power offset for a balanced scenario.

4.1 Extended range of gain factor offsets

One rudimentary approach to improve the HS-DPCCH performance would be to increase the range of HS-DPCCH power offsets that could be signalled by the network. A reasonable approach would be to keep the 2dB difference between the different values and one proposal of gain factors are shown in Table 3 below (Note that this is just an example). There are several options for how this could be implemented within the standard. One is to have a different table for MF-HSDPA and other configurations. A second option is to only allow that the highest values are used by HS-SCCH orders. Yet, a third option is to allow that all values can be signalled by the RNC (via RRC). 
We note that one reason for allow that the offsets are changed by means of HS-SCCH orders would be that it avoids the delay associated with the related NBAP and RRC signalling delay. 
Table 3: 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

	12
	66/15
	

	11
	58/15
	

	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 
	-


5 Conclusions
This paper discussed the HS-DPCCH quality in scenarios where the UE is configured with MF-HSDPA operation. Based on the analysis we propose:
Proposal 1: Increase the range of ACK, NACK, and CQI values that can be signalled via RRC. The additional values that are introduced should be FFS.
Proposal 2: Introduce the possibility to change the ACK, NACK, and CQI values by means of HS-SCCH orders from the serving Node-B.
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� To ensure the HS-DPCCH quality in such settings the HS-DPCCH is transmitted with a higher power offset and/or repeated over multiple sub-frames.





