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Proposal to correct transmit diversity in 25.104

Introduction

Within the current RAN specifications both open loop and closed loop transmit diversity are specified in R99. However there is a lack UTRAN definitions and performance specifications with the RAN 4 TSs. It is proposed to create a Rel 5 CR for RAN 4 #25 meeting to add these requirements under the TEI work item.

This paper provides an introduction to transmit diversity and makes some suggestions on additions that are required.

Transmit diversity

Transmit diversity is described in detail in the RAN 1 specification 25.214. From a RAN 4 perspective we only have to be aware of a few salient points. Closed loop modes are not applied to common channels. For open loop and closed loop mode 1 the power is split evenly between the antenna ports (-3dB). For closed loop mode 2 each of the traffic channels can vary from 20 % to 80 % per antenna port. Therefore the theoretical maximum power per branch is 80% traffic and 50% common channels, which for most practical deployment scenarios will be in the order of 75% of Pmax. Of course the combined power for both ports can only reach the rated power. The average power per antenna port is approximately -3dB on Pmax.

One of the greatest difficulties we face is that a single antenna port can no longer be thought of as a cell. We now have 2 antenna ports working together, the cells output power is by definition the sum of both ports. This is contrary to the assumptions RAN 4 have made for the Node B transmitter specification 25.104, but is consistent with the receiver performance specifications where our requirements are for the combination of both ports.

Minimising change

One of the overall objectives of this paper is to investigate methods of adding the UTRAN transmit diversity requirements in a way that minimises changes to the current specifications. The following discussion on rated power highlights the issue.

In order to maintain the same output power for a node B with and without transmit diversity enabled the power per antenna port has to change. As an example a non-diversity 20 W node B will have 10 W per port in open loop and in closed loop mode 1, and up to 15 W per port for closed loop mode 2. In all cases the combined maximum power remains at 20 W. So what is the rated power of the Node B?

Using the definitions in 25.104 today it is a 20 W node B when diversity is off, then a 10 W node B when diversity is enabled, then a 15 W node B when a traffic channel is configured to operate in closed loop mode 2. By far the simplest solution is to have a single definition relating to the combined power from both ports.

The concept of a Node B’s mode is used in this document. For simplicity only the terms diversity and non-diversity modes need to be used. In 25.211 it is stated that the CPICH, P-CCPCH and SCH have to have transmit diversity enabled in order for the other downlink physical channels to function with transmit diversity. Therefore the following definition should be adopted.

A Node B is in transmit diversity mode when the CPICH transmit diversity indicator, P-CCPCH STTD indicator and the primary and secondary SCH TSTD indicators are enabled.

Changes to 25.104

The following section goes through 25.104 and looks at the impact of transmit diversity.  A draft CR is attached.

3  
Definitions - add the definition of transmit diversity.

6
Transmitter characteristics

6.2 – When transmit diversity is enabled the PRAT per antenna port may be reduced from the non-diversity case. It is suggested to change the definition to the combined output power from both ports. This should not preclude any manufacturer supporting two PRATs, one with diversity enabled and another with it disabled, this should be noted in this section.

6.2.1 – Pmax should be combined output power from both transmit ports. The current requirements remain unchanged. 

6.3 – An additional requirement is suggested to ensure the two transmit paths are aligned in time. A time alignment of 1/4 chip is suggested, this is in-line with the simulations and CR in R4-020184 and R4-020185 from Ericsson presented at RAN 4 #21. 

Consideration may also be given to ensuring the transmit ports are power balanced. Motorola believe that a figure of 1.5 dB power difference on the control channels in diversity mode is sufficient, see annex 1. However further simulation work is required to validate both the need for a requirement and the final value.

6.4 Output power dynamics.

6.4.1
Inner loop power control in the downlink

Unchanged

6.4.2 and 6.4.3 Power control dynamic range

In diversity mode the maximum power per port is –3 dB on Pmax. The output of a single code can only reach –3dB per port today. Therefore the following limits are suggested.

Power control dynamic range – Combined antenna output range should be Pmax – 6 dB to Pmax – 28 dB. 

Total power dynamic range – Combined antenna output range should be Pmax to Pmax – 18 dB.

6.4.4
Primary CPICH power

The primary CPICH power seen by the mobile is the combined power of both ports. Hence the requirement should be that the combined power from both antenna ports shall be within ± 2.1dB of the Primary CPICH code domain power indicated on the BCH. This is being clarified in the NBAP specification.

6.6
Output RF spectrum emissions

These remain largely unchanged, however the requirements should be on the combined ports.

6.8
Transmit modulation

Remains unchanged.

Sections 7 onwards stay unchanged.

Changes to 25.133

9.2.4
Transmitted carrier power

All ready defined as the maximum of the 2 branches in 25.215. It is very unclear why this is specified in this manner, and discussions have been ongoing with in RAN 1. In order to minimise change it is proposed to leave this unchanged.

9.2.5
Transmitted code power

All ready defined as the combined code power from both branches. 

Remaining open issues

25.141 will have to be updated to reflect the changes to 25.104.

25.433 will some updates to ensure the NBAP signalling is consistent, but this is outside the scope of RAN 4. 

Annex 1 - Justification of Power and Phase tolerances
Simulations have been performed of closed loop mode 1 and mode 2 which model power and phase inaccuracies for both the composite CDMA signal and for the per user signal and weighting. These inaccuracies were modelled as randomly distributed amplitude and phase errors. These errors were uniformly distributed within a range centred around the ideal value. For example the phase errors were modelled as uniform random variables within the range IdealPhase-MaxPhaseError to IdealPhase+MaxPhaseError. No feedback errors or feedback delay was modelled. In practice these would tend to mask the effects of power and phase inaccuracies, so this is a worst case assumption. The average power loss to a mobile in flat fading conditions was determined. Flat fading is a worst case assumption since the closed loop transmit diversity schemes provide the highest gain in these conditions.

Results were generated under the following conditions:

Differential amplitude error in composite CDMA signal: 1.5 dB plus superimposed random component within +/- 0.1 dB.

Differential phase error in composite CDMA signal: random within +/- P degrees, with P a parameter between 0 and 50 degrees.

Amplitude error in per-user weighting: random within +/-0.4 dB (per antenna weight)

Phase error in per-user weighting: random within +/-7 degrees (applied to diversity antenna only)

The results are shown in the following figure.
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Figure 1: performance loss versus composite phase error(other errors fixed)
These results show that the closed loop modes are relatively insensitive to phase errors. This is to be expected given the high degree of quantisation of phase and amplitude in the weights employed by both mode 1 (4 phase states and 1 amplitude state) and mode 2 (8 phase states and 2 amplitude states).










