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Introduction

In Release 99, the power ratio between the UL DPCCH and UL DPDCH is set by means of gain factors (βc and βd) which are signalled for higher layers for certain reference TFCs. The UE recalculates the gain factors for other TFCs and for compressed frames. 

The various fields on the HS-DPCCH will be transmitted with some power offset from the DPCCH. Some discussion has taken place on the email reflector regarding how these power offsets should be signalled and described in the specification. It is necessary to resolve this open issue for the HSDPA CRs.

One option for setting power offsets 

One option is to use a new gain factor called βHS as shown in the following text proposals for TS25.213 and TS25.214. (These are updated versions of those previously distributed on the email reflector.)

This method preserves the Release 99 principle that at least one of the gain factors shall always be equal to 1.0, and enables the same quantisation levels to be used as for Release 99.

As the HS-DPCCH is not necessarily slot-aligned with the DPCCH, it is necessary at the beginning of each slot to calculate the gain factors βc, βd and βHS suitably for the highest-powered field of the HS-DPCCH which will be at least partly transmitted during that slot, as explained in [1].   

We also show how the gain factors would be adjusted if the HS-DPCCH were to be transmitted in a compressed frame. In Release 99, the DPCCH power is adjusted in compressed frames to keep the total pilot power per frame constant (taking into account the possibly different number of pilot bits per slot due to the different slot formats). This factor would not apply to the HS-DPCCH, so the power offset between the it and the DPCCH could be recalculated for compressed frames as shown in the following text proposal. 

In the text proposal shown here, the power offsets for the HS-DPCCH fields are signalled in dBs relative to the DPCCH. An alternative would be to signal them as a linear voltage gain with respect to the DPCCH. 

Examples of calculation of gain factors when HS-DPCCH is active

Here we show some examples of the calculation of gain factors using the method detailed in the following text proposal.
1. Signalled gain factors βd = 1.0, βc = 10/15; ΔPHS =3dB.

In this case, AHS = 1.413, so βc x AHS < 1.0.

Therefore βd and βc retain their original values (i.e. 1.0 and 10/15 respectively), and βHS is set to lower-quantise(βc x 1.413) = lower-quantise(0.9417) = 14/15.

Note that whenever either the DPDCH or the DPCCH needs more power than the HS-DPCCH, the values of βd and βc will remain identical regardless of whether or not the HS-DPCCH is present.

2. Signalled gain factors βd = 1.0, βc = 10/15; ΔPHS = 5dB.

In this case, AHS = 1.778, so βc x AHS > 1.0.

Therefore the HS-DPCCH is the highest-powered channel, so we set βHS = 1.0.

Now βc = lower-quantise(1/AHS) = lower-quantise(0.5623) = 8/15.

Then βd = lower-quantise(15/(10 x 1.778)) = lower-quantise(0.8435) = 12/15.

In this example the new ratio βd/βc when the HS-DPCCH is present is identical to the original ratio βd/βc without the HS-DPCCH. This will not necessarily always be the case, but the new ratio between the DPCCH and DPDCH will always be close to the original value.

Conclusions

The text proposals in this document show how the power offsets for the HS-DPCCH can be set using beta factors where one of the beta factors is always equal to 1.0. Other approaches may be possible if this criterion is not considered essential. 

Reference

[1] R1-02-0014, "HSDPA UL Signalling Timing", Nokia

Text proposal for TS25.213:

---------------
4.2
Spreading

4.2.1
DPCCH/DPDCH
Figure 1 illustrates the principle of the uplink spreading of DPCCH and DPDCHs. The binary DPCCH and DPDCHs to be spread are represented by real-valued sequences, i.e. the binary value "0" is mapped to the real value +1, while the binary value "1" is mapped to the real value –1. The DPCCH is spread to the chip rate by the channelization code cc, while the n:th DPDCH called DPDCHn is spread to the chip rate by the channelization code cd,n. One DPCCH and up to six parallel DPDCHs can be transmitted simultaneously, i.e. 1 ( n ( 6.
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Figure 1: Spreading for uplink DPCCH and DPDCHs
After channelization, the real-valued spread signals are weighted by gain factors, c for DPCCH, d for all DPDCHs and HS for HS-DPCCH.
At every instant in time, at least one of the values c, d and HS has the amplitude 1.0. The -values are quantized into 4 bit words. The quantization steps are given in table 1.
Table 1: The quantization of the gain parameters
Signalling values for deriving

-values

Quantized amplitude ratios

for -values

15
1.0

14
14/15

13
13/15

12
12/15

11
11/15

10
10/15

9
9/15

8
8/15

7
7/15

6
6/15

5
5/15

4
4/15

3
3/15

2
2/15

1
1/15

0
Switch off 

The values of c, d and HS are derived from the signalling values and the signalled power offsets for the HS-DPCCH (if one is active) as described in [6].
After the weighting, the stream of real-valued chips on the I- and Q-branches are then summed and treated as a complex-valued stream of chips. This complex-valued signal is then scrambled by the complex-valued scrambling code Sdpch,n. The scrambling code is applied aligned with the radio frames, i.e. the first scrambling chip corresponds to the beginning of a radio frame.
Text proposal for TS25.214:

---------------
5.1.2.5
Setting of the uplink DPCCH/DPDCH power difference

5.1.2.5.1
General

The uplink DPCCH, HS-DPCCH and DPDCH(s) are transmitted on different codes as defined in subclause 4.2.1 of [3]. The gain factors c and d for the DPCCH and DPDCH(s) respectively may vary for each TFC. There are two ways of controlling the gain factors of the DPCCH code and the DPDCH codes for different TFCs in normal (non-compressed) frames:


c and d are signalled for the TFC, or


c and d is computed for the TFC, based on the signalled settings for a reference TFC.

Combinations of the two above methods may be used to associate c and d values to all TFCs in the TFCS. The two methods are described in subclauses 5.1.2.5.2 and 5.1.2.5.3 respectively. Several reference TFCs may be signalled from higher layers.

The gain factors may vary on radio frame basis depending on the current TFC used. Further, the setting of gain factors is independent of the inner loop power control.
Further, when an HS-DPCCH is present, the gain factor HS for the HS-DPCCH is calculated from the power offsets signalled by higher layers according to the procedure decribed in sub-clause 5.1.2.5.5. The gain factors c and d may also change depending on the HS-DPCCH power offsets signalled by higher layers, as described in sub-clause 5.1.2.5.5.
After applying the gain factorsc, d and HS, the UE shall scale the total transmit power of the DPCCH, HS-DPCCH and DPDCH(s), such that the DPCCH output power follows the changes required by the power control procedure with power adjustments of DPCCH dB, subject to the provisions of sub-clause 5.1.2.6.
The gain factors during compressed frames are based on the nominal power relation defined in normal frames, as specified in subclause 5.1.2.5.4.
5.1.2.5.2
Signalled gain factors

When the gain factors c and d are signalled by higher layers for a certain TFC, the signalled values are used directly for weighting of DPCCH and DPDCH(s) for the relevant TFC, except in compressed frames or when an HS-DPCCH is active. The method for weighting the DPCCH and DPDCH(s) in compressed frames or when an HS-DPCCH is active is described in sub-clauses 5.1.2.5.4 and 5.1.2.5.5 respectively. 
For a TFC for which the gain factors are signalled by higher layers, the variable Aj, called the nominal power relation is computed as:
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5.1.2.5.3
Computed gain factors

The gain factorsc and d may also be computed for certain TFCs, based on the signalled settings for a reference TFC.

Let c,ref and d,ref  denote the signalled gain factors for the reference TFC. Further, let c,j and d,j denote the gain factors used for the j:th TFC. Also let Lref denote the number of DPDCHs used for the reference TFC and L,j denote the number of DPDCHs used for the j:th TFC.
Define the variable
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where RMi is the semi-static rate matching attribute for transport channel i (defined in [2] subclause 4.2.7), Ni is the number of bits output from the radio frame segmentation block for transport channel i (defined in [2] subclause 4.2.6.1), and the sum is taken over all the transport channels i in the reference TFC.

Similarly, define the variable
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where the sum is taken over all the transport channels i in the j:th TFC.

The variable Aj, called the nominal power relation is then computed as:
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The gain factors for the j:th TFC are then computed as follows:

-
If Aj > 1, then 
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 shall be set to the lowest quantized amplitude ratio of 1/15 as specified in [3].
-
If Aj ( 1, then 
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The quantized -values are defined in [3] subclause 4.2.1, table 1.
5.1.2.5.4
Setting of the uplink DPCCH/DPDCH power difference in compressed mode

The gain factors used during a compressed frame for a certain TFC are calculated from the nominal power relation used in normal (non-compressed) frames for that TFC. Let Aj denote the nominal power relation for the j:th TFC in a normal frame. Further, let c,C,j and d,C,j denote the gain factors used for the j:th TFC when the frame is compressed. The variable AC,j is computed as:
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where Npilot,C  is the number of pilot bits per slot when in compressed mode, and Npilot,N  is the number of pilot bits per slot in normal mode. Nslots,C  is the number of slots in the compressed frame used for transmitting the data.

The gain factors for the j:th TFC in a compressed frame are computed as follows:


If AC,j > 1, then 
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If AC,j ( 1, then 
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The quantized -values are defined in [3] subclause 4.2.1, table 1.
5.1.2.5.5
Setting uplink DPCCH/DPDCH power difference when an HS-DPCCH is active
When an HS-DPCCH is active, then in non-compressed frames the ratio AHS is calculated according to 
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where ΔPHS is equal to either ΔPACK, ΔPNACK or ΔPCQI according to whether an ACK, NACK or CQI message respectively will be transmitted on the HS-DPCCH during any part of the current slot on the DPCCH. If more than one type of message will be at least partly transmitted during the current slot on the DPCCH, ΔPHS is equal to the largest of the power offsets corresponding to the messages which will be at least partly transmitted during the current slot on the DPCCH. ΔPACK, ΔPNACK or ΔPCQI are the power offsets (in dB) relative to the DPCCH and are signalled by higher layers. For the transmitted parts of compressed frames, AHS is calculated according to 
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where Npilot,C  is the number of pilot bits per slot on the DPCCH in compressed frames, and Npilot,N  is the number of pilot bits per slot in non-compressed frames. 
Let c,basic and d,basic denote the signalled or calculated gain factors which would be used for the current slot if no HS-DPCCH.were active. Further, let c,new and d,nwe and HS denote the gain factors used for the DPCCH, DPDCH(s) and HS-DPCCH respectively in the current DPCCH slot when an HS-DPCCH is active in any part of the slot.
If 
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 then c,new and d,new are equal to c,basic and d,basic respectively and HS is equal to the smallest quantised -value for which the condition 
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The quantized -values are defined in [3] sub-clause 4.2.1, table 1.
5.1.2.6
Maximum and minimum power limits

In the case that the total UE transmit power (after applying DPCCH power adjustments and gain factors) would exceed the maximum allowed value, the UE shall apply additional scaling to the total transmit power so that it is equal to the maximum allowed power. This additional scaling shall be such that the power ratio between DPCCH and DPDCH remains as required by sub-clause 5.1.2.5.

When transmitting on a DPCH the UE is not required to be capable of reducing its total transmit power below the minimum level required in [7]. However, it may do so, provided that the power ratio between DPCCH and DPDCH remains as specified in sub clause 5.1.2.5. Some further regulations also apply as follows: In the case that the total UE transmit power (after applying DPCCH power adjustments and gain factors) would be at or below the total transmit power in the previously transmitted slot and also at or below the required minimum power specified in [7], the UE may apply additional scaling to the total transmit power, subject to the following restrictions:

-
The total transmit power after applying any additional scaling shall not exceed the required minimum power, nor the total transmit power in the previously transmitted slot;

-
The magnitude of any reduction in total transmit power between slots after applying any additional scaling shall not exceed the magnitude of the calculated power reduction before the additional scaling.

In the case that the total UE transmit power in the previously transmitted slot is at or below the required minimum power specfied in [7] and the DPCCH power adjustment and gain factors for the current slot would result in an increase in total power, then no additional scaling shall be used (i.e. power control shall operate as normal).

If the UE applies any additional scaling to the total transmit power as described above, this scaling shall be included in the computation of any DPCCH power adjustments to be applied in the next transmitted slot
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