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1
Introduction

At the present state of HSDPA standardisation, an HSDPA-capable cell is configured with a maximum HSDPA power i.e. an upper limit for the transmission power on all HS-PDSCH and HS-SCCH codes. This contribution proposes for an HSDPA-capable cell to be configured with a guaranteed HSDPA power i.e. a minimum guaranteed power on which the HS-DSCH channels would have priority over the DCH channels.

2
Discussion

In the current version of the NBAP specification, an HSDPA-capable cell is configured with an upper power limit signalled via the HS-PDSCH and HS-SCCH Total Power IE. In case this parameter is absent from the NBAP message, the default upper limit equals the maximum transmission cell power. Here is an excerpt from the NBAP spec explaining this behaviour:

HS-DSCH Resources

[FDD - If the PHYSICAL SHARED CHANNEL RECONFIGURATION REQUEST message includes HS-PDSCH and HS-SCCH Total Power IE the Node B shall not exceed this maximum transmission power on all HS-PDSCH and HS-SCCH codes in the cell. If a value has never been set or if the value of the HS-PDSCH Total Power IE is equal to or greater than the maximum transmission power of the cell the Node B may use all unused power for HS-PDSCH and HS-SCCH codes.]

There are currently no NBAP provisions for configuring a minimum guaranteed power for HSDPA in a cell. Moreover, before the RAN2/RAN3 agreements on support for GBR traffic (Sep 2003) the common RAN3 understanding was that the DCH channels have higher priority than the HS-DSCH channels (although this is not explicitly specified in RAN3 specs).

Given these assumptions, there is a risk that the DCH channels might take too much power during temporary deterioration of radio conditions, deteriorating the HSDPA functionality as a whole.

The negative consequences of this are two-fold:

· HSDPA connections carrying GBR traffic (e.g. Streaming traffic) may fail to provide bandwidth guarantees;

· TCP traffic being very sensitive to drastic bandwidth oscillations and the period of TCP recovery being rather long, the radio resources might be under-utilised for a longer period of time (i.e. longer than the duration of the impairment).

In order to provide a decent service to both Streaming and I/B connections, an operator might wish to reserve a minimum power resource that cannot be taken over by the DCHs. This minimum power could be adjusted more or less dynamically over time e.g. the CRNC could use the information in the HSDPA Required Power reporting to adjust it. 

At the present state of the NBAP spec, the only way for maintaining a minimum power guarantee for HSDPA is by defining an implicit minimum power at the CRNC. This minimum power is taken into account by the CRNC upon every CAC decision, be it for DCH or HS-DSCH establishment. Unfortunately, the Node B has no idea about what this minimum guaranteed value is. We argue that this kind of implicit guarantee is not sufficient. We also propose that this guarantee be explicitly signalled via the PHYSCIAL SHARED CHANNEL RECONFIGURATION message.

In order to explain why the implicit guarantee does not work well, consider the following figure (R99 on the left and REL-5 on the right):
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Consider the R99 case first (on the left). At each radio link setup or reconfiguration, the CRNC provides the NodeB with the Max DL power for this radio link. In order to make efficient use of the power resources, the CAC algorithm in the CRNC would typically make statistical decisions relying on the fact that all radio links would not operate at the Max DL power simultaneously e.g. the sum of the Max DL powers (S) can go beyond the Total cell power (X). Then during overload conditions (i.e. when t he instantaneous power I reaches X) the R99 NodeB performs overload handling (e.g. Frame Priority Handling).

The REL-5 case (on the right) is slightly different. Suppose the CRNC allocates some guaranteed HSDPA power (H), which is currently known only to the CRNC (hence, the allocation of H is implicit). The CAC algorithm in the CRNC has also allocated some power (T) which is the statistical power needed to serve the established DCH traffic. Under temporary overload conditions of DCH traffic (I > T) there can be no immediate action in the NodeB, because the NodeB has no idea about when to react. It will start applying the overload handling only when the instantaneous DCH power (I) reaches the Total cell power (X) i.e. when the power usable for HSDPA becomes reduced to zero. During the period of time where T < I < (X-H), the DCH traffic will steal power away from the implicitly guaranteed power H.

The only way for the CRNC to prevent this today is by making CAC decisions in a conservative manner. More specifically, the CRNC should take care that the sum of Max DL powers for all radio links in a cell (S) is kept lower or equal to T (i.e. the power which is statistically needed to serve the DCH traffic). Of course, such conservative CAC would yield poor utilisation of the radio resources.

All these problems could be avoided if the guaranteed HSDPA power (H) becomes explicitly signalled to the Node B by the CRNC. In this way the NodeB can start the overload handling as soon as the instantaneous power I reaches the  (X - H) threshold.

3
Important to note

It is important to note that the HSDPA Guaranteed Power:

· Is intended to protect HSDPA-GBR traffic

· Is dynamically adjustable (e.g. could be based on HSDPA Required Power reporting)

· It does not create “artificial boundaries” between the DCH pool (T) and HSDPA pool (H):

· both DCH connections can take power from H in case there is no sufficient HSDPA traffic, and

· HS-DSCH connections can take power from (X – H) in case there is no sufficient DCH traffic.

· Is not used for HSDPA CAC decisions when admitting a new HS-DSCH, because the HSDPA CAC decisions would be based on the total non-DCH power (X - T)
· Is proposed to be Optional

4
Conclusion

It is proposed to include an HS-PDSCH and HS-SCCH Guaranteed Power IE in the PHYSICAL SHARED CHANNEL RECONFIGURATION REQUEST message on the Iub interface (both FDD and TDD). The proposed changes for the procedural text and the message contents are highlighted in yellow:

HS-DSCH Resources

[FDD - If the PHYSICAL SHARED CHANNEL RECONFIGURATION REQUEST message includes HS-PDSCH and HS-SCCH Total Power IE the Node B shall not exceed this maximum transmission power on all HS-PDSCH and HS-SCCH codes in the cell. If a value has never been set or if the value of the HS-PDSCH Total Power IE is equal to or greater than the maximum transmission power of the cell the Node B may use all unused power for HS-PDSCH and HS-SCCH codes.]

[FDD - If the PHYSICAL SHARED CHANNEL RECONFIGURATION REQUEST message includes HS-PDSCH and HS-SCCH Guaranteed Power IE, the Node B shall ensure that HS-PDSCH and HS-SCCH codes have a higher priority in utilising this power over any other channels. If a value has never been set, the Node B shall assume that there is no guaranteed power for the HS-PDSCH and HS-SCCH codes.]
9.1.62
PHYSICAL SHARED CHANNEL RECONFIGURATION REQUEST

9.1.62.1
FDD Message

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description
	Criticality
	Assigned Criticality

	Message Discriminator
	M
	
	9.2.1.45
	
	–
	

	Message Type
	M
	
	9.2.1.46
	
	YES
	reject

	Transaction ID 
	M
	
	9.2.1.62
	
	–
	

	C-ID
	M
	
	9.2.1.9
	
	YES
	reject

	SFN
	O
	
	9.2.1.53A
	
	YES
	reject

	HS-PDSCH and HS-SCCH Total Power
	O
	
	Maximum Transmission Power

9.2.1.40
	Maximum transmission power to be allowed for HS-PDSCH and HS-SCCH codes
	YES
	reject

	HS-PDSCH and HS-SCCH Scrambling Code
	O
	
	DL Scrambling Code 

9.2.2.13
	Scrambling code on which HS-PDSCH and HS-SCCH is transmitted.

0= Primary scrambling code of the cell 1…15 = Secondary scrambling code
	YES
	Reject

	HS-PDSCH FDD Code Information
	
	0..1
	9.2.2.18F
	
	YES
	Reject

	HS-SCCH FDD Code Information
	
	0..1
	9.2.2.18G
	
	YES
	Reject

	HS-PDSCH and HS-SCCH Guaranteed Power
	O
	
	
	Guaranteed power over which HS-PDSCH and HS-SCCH codes have the highest priority
	YES
	Reject
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