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1.
Introduction
For the feature transmit (TX) diversity there is currently just one UTRAN measurement to control the transmit power of the different antenna branches together: Transmitted carrier power.
According to 25.215 [8] section 5.2.4 it is defined as:

"Transmitted carrier power, is the ratio between the total transmitted power on one DL carrier from one UTRAN access point, and the maximum transmission power possible to use on that DL carrier at this moment of time. Total transmission power is the mean power [W] on one carrier from one UTRAN access point. Maximum transmission power is the mean power [W] on one carrier from one UTRAN access point when transmitting at the configured maximum power for the cell. Measurement shall be possible on any carrier transmitted from the UTRAN access point. The reference point for the transmitted carrier power measurement shall be the Tx antenna connector.  In case of Tx diversity the transmitted carrier power is the ratio between the sum of the total transmitted powers of all branches and the maximum transmission power. When cell portions are defined in the cell, the transmitted carrier power for each cell portion shall be measured and reported to higher layers."
The underlined text was agreed in RAN1 #32 with CR R1-030601 [1] in May 2003 where the 'total transmitted power' is a measured value and the maximum transmission power is a configured value for the cell.
Only if no TX diversity is used (in other words there is just one branch) or all branches use always the same TX power, then the 'Transmitted carrier power' would be sufficient to indicate the transmit power limitation.

It is obvious from the definition that 'the sum of the total transmitted powers of all branches' cannot take care of the power limitations of the different branches separately if they use different transmit power.
To report such a Node B internal power limitation a new measurement is required to avoid problems if one branch is exceeding its limit but the sum of all branches is still below the maximum transmission power that is configured for all branches together.

This Tdoc will discuss this problem and propose a wording for a new Node B / UTRAN measurement which is only applicable if TX diversity is used in a cell.
Note: This proposal was already made some time ago in R1-030801 [2] in RAN1 #33 and R1-031226 [3] and R1-031227 [4] in RAN1 #35. However, as there were no REL-6 specifications existing at that point in time the whole topic was postponed.
2.
Justification for the new UTRAN measurement
2.1
In which situations is the new measurement needed?
The new measurement is addressing the case where the transmit power of the different TX diversity branches is asymmetric. This can happen in two situations:
Situation 1: Mix with no TX diversity users

It is possible to have different loads on each branch if some UEs are configured with TX diversity and some without TX diversity (e.g. RL in SHO, S-RNC not supporting Tx diversity, operator choice on network configuration etc.). See 25.211 [6] section 5.3.1.
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Figure 1 – Example of a situation where internal limitations are exceeded

In figure 1 the maximum transmission power has been set to 43 dBm and the maximum capability for each PA is 40 dBm (symmetric assumption). For the Physical Channels with TX diversity it is assumed that the load is symmetric for both branches (e.g. if STTD or Closed loop mode 1 is used).

When the equivalent system with one branch is considered, one can note that the cell load is below the maximum threshold set by higher layers (i.e. 100%). The load of Tx branch 1 is however above its maximum capability.
Situation 2: TX diversity Closed loop mode 2

The TX diversity Closed loop mode 2 as decribed in 25.214 [7] section 7.3 can adjust the power ratio between the 2 antenna branches only in a 20%-80% or in a 80%-20% way for each DPCH. Thus there is a certain probability that a power imbalance occurs and one of the branches might reach and exceeds its maximum capability.
2.2
What problems occur without the new measurement?
Depending on the implementation some signal compression and signal quality degradation (EVM), which might lead to call drops, may occur if the PA for one branch exceeds its maximum whereas the Transmitted carrier power measurement still indicates 'below the power limit, more channels could be added'.
If more links are added by the RNC, it can be further expected that all radio link powers will be scaled down by the Node B and will create a congestion situation in the cell.
Therefore the new measurement is of importance for call admission control and call congestion control.

2.3
What are possible solutions?
A distribution of the non-Tx diversity links between the transmission branches might help in situation 1 but it is not a good and final solution to this problem as the different links will have different and variable powers and the total powers per branch cannot be tracked by the RNC.

Another possible quick and dirty solution would be to set an additional operational margin (probably empiric) for the cell load in the call admission and congestion algorithms in the RNC in order to take into account the possible effect of internal limitations in the Node B. This would imply severe Node B sub-optimum performances with respect to its actual capabilities in terms of capacity and coverage as the call admission and congestion margins might be set to, e.g. 80% and not 100% of the possible cell load.

We believe the best and cleanest solution would be to introduce a new Node B -> RNC measurement which would report internal power limitations of the Node B, i.e. whether maximum in one of branches is reached.

3.
Proposed definition of the new UTRAN measurement
It is proposed to define the new measurement 'DL transmission branch load' in 25.215 using the following text:
"The DL transmission branch load is the maximum of the transmission branch loads calculated for each diversity branch.

A transmission branch load is the ratio between the total transmitted power [W] on one DL carrier on the considered branch and the maximum DL branch capability calculated with respect to the maximum DL power capability of the local cell where the maximum DL power capability and a local cell are defined in [NBAP 25.433].

The reference point for the transmission branch load measurement shall be the TX antenna connector."
The concept of the “local cell” has been introduced by RAN3 in specification TS 25.433 [11] in section 8.2.7.2:

"If the Node B internal resources are pooled for a group of cells, the Node B shall include one Local Cell Group Information IE containing the Node B internal resource capacity and the consumption laws per group of cells. [....]

If the Node B internal power resources are pooled for a group of Local Cells, the Node B shall include one Power Local Cell Group Information IE containing the Maximum DL Power Capability for each Power Local Cell Group for which this value is known by the Node B. In this case, the Node B shall also include the Maximum DL Power Capability IE in the Local Cell Information IE for all the Local Cells belonging to a Power Local Cell Group reported in the Power Local Cell Group Information IE. Furthermore, the sum of the Maximum DL Power Capability of all the Local Cells belonging to the same Power Local Cell Group shall not exceed the Maximum DL Power Capability of the concerned Power Local Cell Group."
in order to deal with the case where a Node B internal power resources (power amplifier) are pooled for a group of “local cells” (e.g. multi-carrier power amplifier). It is proposed to reuse this wording in order to align and ease the understanding between the different WGs on this particular issue.

The 'maximum DL power capability' is defined as a dBm value between 0dBm and 50dBm in 25.433 [11] section 9.2.1.39 as:

"This parameter indicates the maximum DL power capability for a local cell or a Power Local Cell Group within the Node B. The reference point is the antenna connector. If Transmit Diversity can be used in the local cell, the parameter indicates the maximum for the linear sum of the power that can be used on all branches."
The 'maximum DL branch capability' would be in general half of the 'maximum DL power capability' but the specifications do not prevent from using two power amplifiers (PAs) with different capabilities for each branch and might allow more than 2 TX branches in the future. Therefore the maximum DL power capability is said to be “calculated”.
In summary the 'DL transmission branch load' measurement is a report of a percentage value indicating among all TX diversity branches how far the branch with the highest load is away from its maximum (100%).
4.
Impacts on other specifications

The introduction of the new Node B measurement will need to have corresponding CRs in the following working groups:
· RAN2: In TS 25.302 [9] in chapter 9.3 UTRAN measurements as it is a 'Measurements provided by the physical layer'

· RAN3: In TS 25.423 [10] and TS 25.433 [10] to include the corresponding signalling on the Iur and the Iub interface, respectively.

· RAN4: In TS 25.133 [5] to clarify the measurement range and accuracy.
Note: As there are by default no test descriptions for UTRAN measurement nothing needs to be specified for testing purposes.
5.
Conclusion

This Tdoc explained the motivation for proposing the new Node B measurement 'DL Transmission Branch Load' for REL-6.

This REL-6 enhancement will improve the feature TX diversity as it informs the RNC about Node B internal power limitations in case TX diversity is used.

Note: Cells which don't use TX diversity will not need the new measurement as the already existing Node B measurement 'Transmitted carrier power' is sufficient to indicate a power limitation.
It is proposed to agree about the corresponding companion RAN1 CR to 25.215 REL-6 in R1-040824 [12].

Related CRs to 25.133 (RAN4), 25.423 and 25.433 (RAN3) and 25.302 (RAN2) will then be provided in the other RAN working groups.
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