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1
Introduction
RAN4 was tasked to study the following items for the SI of uplink Tx diversity for HSPA [1].
For RAN WG4 (starting after RAN#46):

· Agree on baseline assumptions and reference UE architecture for simulation.

· Investigate the impacts on the UE implementation.

· Investigate how to ensure that the UE operating an uplink Tx diversity will not cause any detrimental effects to overall system performance. Issues such as wrongly directed transmit beam should be considered.

· Investigate the impacts of Tx diversity on existing BS and UE RF and demodulation performance requirements, and analyse how to derive any additional performance/test requirements that are deemed needed as an outcome of the study, as well as understand the impacts of any such new requirements.

While the impacts of switched antenna transmit diversity (SATD) on existing UE RF transmitter core requirements has been discussed in [2], in this contribution, we discuss the introduction of additional test requirements for testing switched antenna transmit diversity capable devices.
Furthermore, we also discuss the option of conditional enabling and disabling of ULTD at UE based on UE measurements via signalling.

2
SATD Transmitter

In Figure 1, a block diagram of a SATD transmitter is shown. As seen in Figure 1, besides the introduction of a switch, an additional duplexer and an additional transmit antenna (referred to as secondary or diversity antenna), the rest of the transmitter is identical to a legacy UE that transmits on a single antenna only. 
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Figure 1: Block Diagram of SATD transmitter

3
Tx Core Requirements for SATD

Due to the introduction of an additional duplexer and additional transmit antenna in the SATD transmit chain, it is proposed in [2] that in addition to testing all the UE Tx core requirements as defined in existing specifications on the primary antenna, only the Tx core requirements that are impacted by the additional second duplexer should be tested separately on the secondary or diversity antenna. 

In other words, in [2] the following is proposed:

· Statically configure the UE to transmit on the primary transmit antenna, and test against all existing core Tx requirements.

· Statically configure the UE to transmit on the secondary transmit antenna, and test for a subset of existing Tx core requirements

 In the next section, we discuss additional Tx core requirements specific to SATD UEs
4
Additional Tx Core Requirements for SATD UE

4.1
Antenna Switching Rate

We recognize that there is a dynamic aspect to SATD that warrants an additional Tx core requirement. Due to the dynamic switching of the transmit antennas in the UE, there is a potential impact to NodeB receiver. In particular, at the point of switching antennas, there is amplitude and phase discontinuity induced in the channel, since the channel impulse responses between each of the UE transmit antennas and the NodeB receive antennas are in general independent. This in turn could potentially impact the channel estimation sub-system in the NodeB receiver leading to an increase in pilot (DPCCH) SNR operating point.

The RAN1 study conducted so far on SATD has demonstrated a sensitivity of the NodeB receiver loss to the antenna switching rate. Hence it is but natural to introduce a new transmit core requirement for SATD devices that limits the transmit antenna switching rate in terms of the number of antenna switches per second (for example, 20 antenna switches per second).

The additional Tx core requirement to test for the antenna switching rate could be verified with a setup as shown in Figure 2.
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Figure 2: Testing Antenna Switching Rate in SATD devices
At a high level, the test setup can be summarized as follows:

· System Simulator (SS) sets up a call with the UE.

· Once the UE is in CELL_DCH, SS sends a dummy pattern of TPC bits to UE
· The choice of dummy TPC pattern is TBD and can be determined based on collecting traces of TPC bits from a link simulation.

· SS detects when an antenna switch happens by sensing the absence or presence of a signal at it’s receiver
· UE should be transmitting at a sufficiently high power to allow for the SS to detect its absence.

· When the UE switches to the secondary or diversity antenna, there is no connection with the SS receiver.

4.2
Disable SATD when DC-HSUPA is configured

So far, the scope of the UL Tx Diversity for HSPA SI has been limited to operation of a single uplink frequency. If ULTD were to be enabled when DC-HSUPA is configured, depending on the assumed UE transmit architecture, we recognize the need to define new practical algorithms for both BFTD and SATD. In our viewpoint, combining DC-HSUPA and ULTD features could be the subject of a different study item and for now ULTD feature can be restricted to single uplink frequency operation. In that regard, a simple RAN4 test could be introduced to ensure that the UE has disabled ULTD when DC-HSUPA is configured.

5
UE based conditional enabling of ULTD
In the LS from RAN1 to RAN4 [4], it was recommended to consider the possibility to introduce higher layer signalling to enable/disable the uplink transmit diversity transmission to mitigate at least some of the potential performance concerns that cannot be addressed with RAN4 testing or performance requirements.

If higher layer control is required, we believe it would make sense to allow the UE to enable the ULTD feature based on some measurements or conditions at the UE managed by the network. Many of these conditions could be part of the set used by any ULTD algorithm. This allows not only higher layer signalling to enable/disable the feature but also adds a finer degree of control over when the feature may be exercised. 
Here, we do not discuss the details of the RRC signalling (per UE v/s broadcast) since that discussion is the focus of RAN WG2 in case whenever it is decided to convert the SI to a WI. Rather, we list below some triggers that can be used at the UE. 

A list of possible triggers for enabling ULTD could be as follows:

1. UE’s power headroom becomes less than a configurable threshold

2. UE’s Active Set Size > 1
3. CPICH RSCP from serving cell measured at the UE becomes less than a threshold
4. UTRA Carrier RSSI measured at the UE becomes less than a threshold
5. CPICH Ec/No from serving cell measured at the UE becomes less than a threshold

6. In the case where only R99 DCH is configured, UE transmitted power exceeds a threshold

A list of possible triggers for disabling ULTD could be as follows:

1. UE’s power headroom becomes greater than a configurable threshold 

2. UE’s Active Set Size = 1

3. CPICH RSCP from serving cell measured at the UE becomes greater than a threshold

4. UTRA Carrier RSSI measured at the UE becomes greater than a threshold

5. CPICH Ec/No from serving cell measured at the UE becomes greater than a threshold

6. In the case where only R99 DCH is configured, UE transmitted power becomes less than a threshold

Note that the thresholds for enabling ULTD could be in general different than the thresholds for disabling ULTD to allow for a hysteresis.
6
Conclusions
In this document, we discussed the need to introduce two additional Tx core requirements for switched antenna transmit devices:

· For a SATD capable UE, the requirement should ensure that the transmit antenna switching rate does not exceed an upper limit.

· For a SATD capable UE, ensure that SATD is disabled when DC-HSUPA is configured.
Furthermore, we discussed the option to conditionally enable and disable ULTD at the UE via network control based on some suitable UE measurements.
It is proposed that RAN WG4 discuss the merits and details of specifying these requirements further and capture the proposed additional Tx core requirements in the 25.863 TR on UL Transmit Diversity [3].
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