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1
Introduction

Power control is an important aspect of UTRA systems. In order to develop power control algorithms for DL and UL PHY channels there are normative directions (e.g. in [1]) and there are implementation related aspects that are outside the scope of any specification. Therefore, this paper starts with normative as well and informational quotes in [1] and from there, different points are concluded with respect to the general power control aspect for UTRA FDD Rel-6 systems. 
The gradual incorporation of PHY channels in the DL and UL of UTRA through Rel-5 and Rel-6 have made necessary adjustments in the normative directions e.g. section 5.2.1.2.1.1 “F-DPCH quality target control” of [1]. 

A document in the last RAN1#43 [2] focused on the power control of DL PHY channels for the case of Rel-6 with F-DPCH. The use of the DL power control bits sent by the UE was analyzed and discussed. Various scenarios were shown where the TPC commands generated by the UE were not adequate for power controlling certain DL PHY channels (e.g., F-DPCH from cells belonging to radio links other than the radio link containing the HS-DSCH serving cell …). At the end, the following recommendation was made: 
· Transmit power control of DL PHY channels at the serving HS-DSCH cell may be based on CQI reports by the UE.

· Transmit power control of DL PHY channels out of any other cell in the UE’s active set could be performed open loop. 

This paper continues the discussion initiated in [1] for the general topic of power control in Rel-6 (EUL and HSDPA) systems and makes recommendations to improve it.  

2
Normative directions
2.1
DL power control

Section 5.2.1.2.1 of [1] defines the UE behavior to generate the DL TPC commands. Other than the possibility of having the TPC commands repeated over 3 consecutive slots for DPC_MODE = 1, there is no normative text. Instead, a reference to an example in Annex B.2 is given. 

An important paragraph in this section reads as follows: 
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Section 5.2.1.2.2 defines the “nominal” UTRAN behavior which will be covered in Section 2.2 of this document. 

A subsection of Section 5.2.1.2.1, namely 5.2.1.2.1.1 “F-DPCH quality target control” defines an F-DPCH quality target for F-DPCH set by UTRAN. 
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The paragraph above clearly defines the F-DPCH quality target based on the F-DPCH from the radio link from the HS-DSCH serving cell. As a result, that radio link will be the only one that can meaningfully use the TPC commands from the UE. 

Section 5.2.1.2.2 of [1] defines the UTRAN behavior for DL power control. The following Text box is an excerpt of this section:
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The “nominal” UTRAN behavior, however, from the disclaimer in the first Text box in this paper is not mandated.   
2.1.1
Discussion

Despite the fact that the “nominal” UTRAN behavior is not mandated, there is no other information or specification regarding power controlling of the DPCCH/DPDCH/F-DPCH in the DL of UTRA FDD systems and this may yield to undesired confusions. 

Clearly, the current definition of quality target for F-DPCH implies that DL TPC commands generated by UEs are meaningful for cells in the radio link containing the HS-DSCH serving cell. As a result, DL PHY channels (e.g., HS-SCCH, F-DPCH and DL E-channels) transmitted from those cells could be meaningfully power controlled using those TPC commands. However, DL PHY channels from all other cells in the UE’s active set will not necessarily benefit from obeying those TPC commands and could, therefore, use some other power controlling means (e.g., open loop transmit power).
The current definition of the F-DPCH quality target seems to be based on HSDPA configurations alone, without considering DL E-channels and the possibility that the E-DCH serving radio link may be different than the radio link containing the HS-DSCH serving cell.  

It is also worth noting that the only normative direction for quality target control in [1] is currently for F-DPCH operation – which is supposed to operate together with an HSDPA configuration. However, there is no reason why the UE behaviour for DL power control should differ in case of HSDPA operation with associated DPCH. Indeed, the HS-SCCH remains being a PHY channel that is never in SHO regardless of whether F-DPCH or associated DPCH is configured with HSDPA. 
2.2 UL power control

Section 5.1.2 of [1] specifies the UL power control of DPCCH/DPDCH. The basic rule to adjust the transmit power of the UE is the application of the “OR of Downs” rule. 
2.2.1
Discussion

With the current quality target for F-DPCH operation, there is no guarantee on the reliability of TPC commands from cells in radio links other than the one containing the HS-DSCH serving cell. 

One can envision a scenario where the radio link containing the serving HS-DSCH is not the same as the E-DCH serving radio link set. This is the case where the HS-DSCH serving cell corresponds to the best DL and the E-DCH serving radio link set corresponds to the best UL, and there is a DL/UL imbalance (i.e., the best DL does not correspond to the best UL). In such a case, 
· Reliable TPC commands from the serving E-DCH radio link set are desired so that the radio link with the best UL conditions does have the capability to power control the UE transmissions. If the TPC commands are not reliable, they are not used by the UE.  
· If there is a severe DL/UL imbalance yielding the serving HSDPA cell to be different than the serving E-DCH cell, and the TPC commands from the serving E-DCH cell are reliable, then the HS-DPCCH reception reliability at the serving HS-DSCH cell is not guaranteed – in which case HSDPA operation could greatly suffer.  

Note that the same effect could be encountered in the case where the serving HSDPA cell and the serving E-DCH cell are forced to be the same based on the best DL. In that case, there could be another radio link with better UL that could be power controlling the UE transmissions (provided that the TPC commands on that DL are reliable) to a level such that the HS-DPCCH may not be reliably received at the serving HS-DSCH cell. 

3 Facts

It is important to notice the following:

· Current definition of F-DPCH quality target based on the radio link containing the serving HS-DSCH cell makes TPC commands sent by the UE relevant for that radio link ALONE. 

· Other power control means should be used for DL PHY channels from cells in radio links other than the one containing the serving HS-DSCH cell (e.g. open loop).

· Note that this point does not require a change in the PHY specs. 

· Current definition of F-DPCH quality target is not well suited for a situation where the radio link containing the serving HS-DSCH cell is not the same as the serving E-DCH radio link. 

· This may yield to an undesired behavior of EUL commands from the serving E-DCH radio link not being reliable at the UE receiver. 

· This also may yield a situation where in case the TPC commands from the serving E-DCH radio link are reliable, the HS-DPCCH may not be reliably received at the serving HS-DSCH cell (in a weaker radio link). 

· A UE quality target specification to address the case where the radio link containing the serving HS-DSCH cell is not the same as the serving E-DCH radio link is viewed necessary. Also the UE behavior for UL power control of DPCCH/DPDCH for transmissions where the radio link containing the serving HS-DSCH cell is not the same as the serving E-DCH radio link is also viewed necessary.
· HSDPA/EUL operation with associated DPCH is not captured in the current PHY specifications. 

· Despite data transmissions over DPCH being possibly in SHO, the transmissions of some DL PHY channels e.g., HS-SCCH or E-AGCH are never in SHO. Therefore, basing the DL TPC commands on a quality target result of assuming SHO reception may be inadequate for power controlling of those channels. 

· Again the transmit power control of HS-SCCH and E-AGCH are outside the scope of [1], however, it is still worth noting that obeying the TPC commands sent by the UE may not be an adequate power control mean. 

4 Discussion
As was identified in the previous section, the issues with the current power control scheme appear when the radio link containing the serving HSDPA cell (best DL) is not the same as the serving E-DCH radio link (best UL). This section is mainly written for operation of HSDPA and EUL with F-DPCH but the issues and the proposed solutions should apply to operation with associated DPCH. 

The desired properties of any solution trying to address these issues are the following: 

· Solution just applicable to address concerns encountered when best DL cell is not the same as best UL cell, i.e., DL/UL imbalance. 

· For no DL/UL imbalance, the solution should default to the current specification.

A *good* power control algorithm should yield:

· Minimum transmit power at the UL to fully exploit SHO operation. 

· Adequate transmit power of the feedback channels.

· Adequate transmit power of the relevant power control commands (so that they can be used at the corresponding receiver).

Feedback channels in the UL: CQI and ACK/NAK transmissions sent over the HS-DPCCH:

· Transmitted at the power set by the TPC commands on the DL from all cells in the UE’s active set (OR of DOWNs rule)

· If link imbalance: HS-DPCCH may not be reliable at radio link containing the serving HS-DSCH cell.

The transmit power of DL TPC commands sent by UEs also follow UL power control, therefore:

· will be, in general, reliable at the best UL cell

· will be, in general, unreliable at the weak UL cells

· causing “UP” TPC commands being transmitted from those cells (sent on the DL)

Feedback channels in the DL: E-HICH, E-RGCH and E-AGCH transmissions:

· The transmit power of these channels is under the control of UTRAN and is outside the scope of any specification.

The power of the F-DPCH is nominally based on the TPC commands sent by the UE. 

· Currently targeting good reliability of the link containing the serving HS-DSCH cell.

· Reliability of all the other links is not guaranteed.

With all the above in mind, the proposed solution is as follows:

1. 
Base the DL TPC commands sent by the UE on:
· F-DPCH quality target control from link containing the serving HS-DSCH cell (which corresponds to current rule), and
· F-DPCH quality target control from serving E-DCH radio link (applies just in case that radio link containing the serving HS-DSCH cell is different to the serving E-DCH radio link).

With this rule, it is assured that the power control commands from the radio link containing the serving HS-DSCH cell AND from the serving E-DCH radio link are both reliable. If we can make these TPC commands reliable, then their contents will be used to adjust the transmit power of the UE as addressed in point 2 below. 

As can be seen, there is no impact if the serving HS-DSCH cell is the same as the serving E-DCH radio link.

Note that as a result of this rule: 

· The transmit power of the HS-SCCH (in case it uses the TPC commands sent by the UE) may be higher than it currently would. However, 

· an adequate reception at the UE of:

· F-DPCH from serving HSDPA cell – and – serving E-DCH RLS

· HS-SCCH from serving HSDPA cell

is guaranteed. 

· In addition, DL E-channels from serving HSDPA cell – and – serving E-DCH RLS could be power controlled based on the TPC commands by the UE (e.g., fixed offset to power of F-DPCH). 

2. Transmit power at the UE based on the following rule
· If the serving HS-DSCH cell is the same as the serving E-DCH radio link:

· OR of DOWNs of TPC commands from all cells in UE’s active set (which corresponds to the current rule)

· If the serving HS-DSCH cell is different to the serving E-DCH radio link: 

· OR of UPs of

· OR of DOWNs of TPC commands from all cells in UE’s active set except the serving HSDPA cell, and 

· TPC command of serving HSDPA cell

Again, there is no impact in the case where the serving HS-DSCH cell is the same as the serving E-DCH radio link.

The rule above for the case where the serving HS-DSCH cell is different to the serving E-DCH radio link: is based on the assumption that letting the radio link containing the serving HS-DSCH cell power control the UE transmissions is desirable so that the HS-DPCCH may be received at the radio link containing the serving HS-DSCH cell reliably. 

This rule will result into an increase of the transmit power of the UE so that the HSDPA feedback is adequately received at the serving HS-DSCH cell. This increase in transmit power will also increase the transmit power of the E-DPCCH and E-DPDCH. However, the additional power transmission on the E-DPDCH will lower down the number of required (re-)transmissions.

The solution that has just been described allows the serving HS-DSCH cell to be different than the serving E-DCH cell and therefore, maximizes the spectral efficiency on both links independently i.e., serving HS-DSCH cell being the best DL, and serving E-DCH cell being the best UL. Note that such configuration is currently allowed by the specification. 

This solution provides the necessary changes for an efficient support of such a situation consistent with the desired properties outlined at the beginning of this section. 

Another solution where the serving HS-DSCH cell and the serving E-DCH were mandated to be the same would exist but would not be optimal from the point of view of maximizing the spectral efficiency on DL and UL independently. Such a solution would entail basing the serving HS-DSCH cell and serving E-DCH cell on the best UL. In that case, 

· Reliability of TPC commands from the best UL (i.e., serving E-DCH cell) would be guaranteed by the currently specified F-DPCH quality target 

· DL E-channels from the serving E-DCH radio link as well as HS-SCCH could be power controlled based on the TPC commands sent by the UE. 

· DL spectral efficiency would not necessarily be the best achievable. 

Finally, it is worth noting once more that open loop transmit power (e.g., constant power allocation) may be the best power controlling mechanism for some of the DL PHY channels. Such is the case for: 
· Currently all DL PHY channel from cells not belonging to the serving HS-DSCH cell. 

5
Conclusion

This paper has discussed power control for UTRA FDD Rel-6 systems. Scenarios where the current power control normative specifications do not allow for efficient power control algorithms have been presented and discussed. Desired properties to support an efficient power control have also been presented and discussed. 
Finally, some solutions to address the cases where the current specification does not provide the right means to achieve an efficient power control in the system has been presented in the context of HSDPA and EUL operation with F-DPCH. 
As discussed in section 2.1.1, efficient power control schemes for operation with HSDPA and EUL should be agnostic on whether DPCH or F-DPCH is configured and as a result, the definition of quality targets should be accordingly aligned. 

The proposed solutions default to the actual specification for the case of no link imbalance. However, they provide the means to guarantee efficient HSDPA and EUL operation in link imbalance cases. 
As a result, it is recommended to capture the proposed solutions as part of the normative specification in [1]. 
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The UE shall not make any assumptions on how the downlink power is set by UTRAN, in order to not prohibit usage of other UTRAN power control algorithms than what is defined in subclause 5.2.1.2.2.





The quality target is set as a downlink TPC command error rate target value for the F-DPCH belonging to the radio link from the HS-DSCH serving cell as signalled by the UTRAN.





Upon receiving the TPC commands UTRAN shall adjust its downlink DPCCH/DPDCH or F-DPCH power accordingly.
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