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Introduction

There are a few open issues pertaining to the Closed Loop Transmit Diversity (CLTD) work item. This document attempts to address some of the remaining design aspects of CLTD. The issues addressed are the PCI reliability measurement window, interaction of CLTD and DCH, Synchronization procedures, RRC reconfigurations and overlaps with compressed mode gaps. Proposals are made as a way forward for each of the open issues addressed. 
2

Discussion
2.1
PCI reliability measurement window 
In the previous RAN1 meeting, it was decided that the UE would monitor the quality of the PCI received. If the quality of the PCI is deemed to be unreliable, then the UE would use the last used precoding weights. This implies that the UE would use the most recent PCI bits that were reliably received. One open issue that remains is the mechanism for determining reliability and whether a PCI reliability measurement window should be configurable or even needed.
Since the PCI bits are transmitted by the F-PCICH channel which is similar to the F-DPCH channel, parallels can be drawn to the specification of reliability of the F-DPCH channel. In order to determine out-of-sync, reliability thresholds are defined for the F-DPCH channel, namely Qin and Qout. A reliability measurement period is also defined and set to be 160ms. If the quality of the TPC bits is worst than Qout for 160ms then the UE is considered to be out-of-sync. Similarly, if the quality of the TPC bits is better than Qin for 160ms, then the UE is considered to be in-sync. The values for Qin and Qout are defined implicitly by specifying tests that cause the UE to be in the in-sync or out-of-sync states. If the UE is considered to be out-of-sync, then the uplink transmitter is turned off – to avoid uncontrolled transmissions. 

The capability of the UE to compute the quality of the TPC bits received is determined by a different test; one that measures the error rates on the received TPC commands under defined radio conditions. The target quality value to be maintained is signalled to the UE. 
In the case of PCI bits received through the F-PCICH channel, out-of-sync is not determined by the quality of the PCI bits received. Note, there are no serious consequences caused by the UE holding the last used precoding weights since this is similar to the case where ULTD is disabled. Indeed, it can be used as an indication to the NodeB to increase the power on the F-PCICH channel. Therefore, while it is reasonable to define a reliability measurement period for the F-DPCH channel to ensure that the UE does not turn off its transmitter unnecessarily, such a measurement period for the F-PCICH channel is not required. 
The determination as to whether the UE holds the last used precoding weights or not can be made every time PCI bits are received (every three slots). If a particular set of PCI bits are deemed to be unreliable – the quality can be compared to a threshold – then the UE holds the last used PCI for that sequence of three slots until the next set of PCI bits are received. Similar to the F-DPCH channel, the threshold can be implicitly defined by signalling a target F-PCICH quality to the UE. Therefore, the following proposals are made:
Proposal 1: A PCI reliability measurement window is not defined for CLTD. The UE determines the quality of the PCI after each reception of the PCI bits every 2 slots.

Proposal 2: The threshold for determining PCI quality is implicitly defined by signalling a target quality for the F-PCICH channel.
2.2
DPCH Configuration

It has been decided that CLTD can also be used for UE’s that are configured with DPCH. Since HS-DSCH is not configured for such UE’s, HS-SCCH orders cannot be transmitted to switch CLTD configurations. Therefore, the network must rely on RRC signaling to turn on/off CLTD. 
One of the reasons the network may choose to turn off CLTD is unfavorable radio conditions. The NodeB is considered to have all the necessary information to make the decision to turn off CLTD. For example, the NodeB could evaluate the Doppler spread of the channel to determine high velocity conditions and consequently decide that operation of CLTD under such conditions is undesirable. CLTD could also be turned off, if the PCI transmissions are too unreliable as determined by the NodeB, in order to conserve power on the F-PCICH channel. Additionally, CLTD may be turned off if the UE battery life severely impacted as shown in [1]. The signaling by the UE to indicate battery life impact is transmitted only to the NodeB (agreed in RAN1 #66). Due to the above reasons, it is considered that the NodeB contains the required information to turn on/off CLTD. Therefore, signaling should be introduced so that the NodeB may request the RNC to turn off CLTD through RRC signaling. 
Proposal 3: Signaling should be introduced between NodeB and RNC so that the NodeB may inform the RNC about the decision to turn on/off CLTD.

2.3
Synchronization procedures
The following was proposed in the previous RAN1 meeting:

· Initial activation status of the UL CLTD is ‘active’, that is, there is no need to send a HS-SCCH order before UL CLTD is operational.

· UE starts to apply PCI commands when the quality of F-PCICH achieves the quality threshold

· Until the F-PCICH quality threshold is achieved, the UE uses a fixed specified precoder (10)

· No other changes to the synchronization procedure

It has been agreed that five CLTD configurations can be applied at the UE – the application of a particular configuration may depend on several factors. The five configurations are shown in Table 1 for reference.

Table 1: Dynamic Control of CLTD operation via HS-SCCH orders

	UL CLTD Configuration
	Uplink Channels

	
	DPCCH
	HS-DPCCH
	E-DPCCH
	E-DPDCH
	S-DPCCH

	1
	Primary Precoding Vector
	Secondary Precoding Vector

	2
	Physical Antenna 1
	Physical Antenna 2

	3
	Physical Antenna 2
	Physical Antenna 1

	4
	Physical Antenna 1
	De-activate

	5
	Physical Antenna 2
	De-activate


It should also be noted that CLTD should be applied only under certain scenarios. Indeed, it is shown in [2] that a loss is likely to be incurred if CLTD is enabled in unfavorable conditions. 
Specifically, let us consider the following scenarios:
· Antenna Imbalance:

· If the antenna imbalance at the UE is high, then antenna switching may provide more gains than beamforming. This is shown in [3]. It should also be noted that there is typically a long term antenna imbalance associated with the two antennas. Therefore, it may be beneficial if the UE were to use the “better” antenna (determined based on long term imbalance and is therefore pre-determined) initially and allow the NodeB to determine whether it is appropriate for CLTD to be enabled, i.e, in cases when the antenna imbalance is below a certain threshold. 

· Radio Conditions

· It has also been shown that under fast fading conditions, the application of CLTD may not provide any gains and indeed may cause a loss in performance (see [2]). It is therefore beneficial if the NodeB could first evaluate the nature of the radio conditions before enabling CLTD. It is essential that the legacy performance is maintained in, for example, high velocity conditions and this cannot be ensured if the initial activation status of CLTD is “active”. 
· UE Battery Life

· Another aspect to be considered when enabling CLTD operation is the impact to battery life. As seen in [1], there could be serious impact to the UE battery life in some scenarios while simultaneously yielding limited gains due to CLTD operations. Therefore, it is prudent to allow the UE to evaluate the impact to battery life and signal if there is a need to disable CLTD. 
Due to the above reasons, it is considered that the more conservative approach is to specify that the initial activation status of the CLTD is configuration #4 where the UE transmits from a single antenna. The NodeB could then evaluate radio conditions and activate beamforming through an HS-SCCH order by switching to configuration #1 if HS is configured at the UE and if the UE has not signaled an impact to battery life. The other aspects of the synchronization procedure can be left unchanged.
Proposal 4: The initial activation status of CLTD is Configuration #4. 

Proposal 5: If the UE is configured with HS-PDSCH, a transition to CLTD configuration #1 thereby enabling beamforming is made by HS-SCCH orders when the UE is configured with HS-PDSCH.

When the UE is configured with DPCH, beamforming may be enabled by RRC signaling. In this case, the NodeB determines the radio conditions and requests the RNC to enable beamforming. The RNC then signals to the UE to switch to configuration #1 through RRC signaling. Note that signaling from NodeB to the RNC is suggested in Proposal 3.

Proposal 6: When the UE is configured with DPCH, CLTD is enabled by RRC signaling after it enters CELL_DCH.

2.4
CLTD status with RRC reconfigurations
The following was agreed in the previous RAN1 meeting:

· Upon RRC reconfigurations that do not result in a serving cell change the UE shall remember its current activation status (i.e. one of the five CLTD configurations outlined in Table 1). 

In addition to the above, we consider the following:
When the RRC reconfigurations that do not result in a serving cell change occur, there is no change in CLTD activation status. Therefore, there is no need to “reset” the precoding weights that are applied. However, the UE may be in CLTD configurations that do not apply any precoding weights (#2 - # 5). In this case, the same transmitter configuration is maintained.

Proposal 7: Upon RRC reconfigurations that do not result in a serving cell change the UE shall use the last pre-coding weights after the RRC reconfiguration if there is a need to apply pre-coding weights.
When RRC reconfigurations that result in serving cell change occur, it is considered that whether the activation status should be reset or not can be signaled as part of the reconfiguration message. This is because serving cell changes may occur to a target cell that belongs to the same NodeB as the source cell. In that case, a reset may not be required. On the other hand, serving cell changes to a target cell in a different NodeB may require an offset. Moreover, serving cell changes may occur to cells that are not capable of CLTD operation and therefore it may not be necessary to remember the activation status. When serving cell changes to NodeBs that are capable of CLTD occur, the status of CLTD may depend upon specific network implementations.
Proposal 8: Upon RRC reconfigurations that result in serving cell change the CLTD activation status (‘mode’) is signaled as part of the reconfiguration message.

The PCI that is applied after serving cell change would therefore depend upon the RRC reconfiguration message.
2.5
Overlap with compressed mode gaps
It is agreed that the two symbols corresponding to the two PCI bits are transmitted in consecutive slots in UL CLTD. Consequently, it may occur that one of the two slots may overlap a compressed mode gap. 

In this case, since the UE would not be able to determine the pre-coding weights that are associated with the signaled PCI bits, it is considered that the UE shall ignore the “other” PCI bit. The precoding weights that are applied would be the last used precoding weights.
Proposal 9: If one of the two slots carrying the PCI bits overlaps a compressed mode gap, the UE shall ignore the “other” PCI bit.

3
Conclusions
This contribution attempts to address the remaining design aspects of CLTD. A number of open issues were discussed and the following proposals are made:
Proposal 1: A PCI reliability measurement window is not defined for CLTD. The UE determines the quality of the PCI after each reception of the PCI bits every 2 slots.

Proposal 2: The threshold for determining PCI quality is implicitly defined by signalling a target quality for the F-PCICH channel.
Proposal 3: Signaling should be introduced between NodeB and RNC so that the NodeB may inform the RNC about the decision to turn on/off CLTD.
Proposal 4: The initial activation status of CLTD is Configuration #4. 

Proposal 5: If the UE is configured with HS-PDSCH, a transition to CLTD configuration #1 thereby enabling beamforming is made by HS-SCCH orders when the UE is configured with HS-PDSCH.

Proposal 6: When the UE is configured with DPCH, CLTD is enabled by RRC signaling after it enters CELL_DCH.

Proposal 7: Upon RRC reconfigurations that do not result in a serving cell change the UE shall use the last pre-coding weights after the RRC reconfiguration if there is a need to apply pre-coding weights.
Proposal 8: Upon RRC reconfigurations that result in serving cell change the CLTD activation status (‘mode’) is signaled as part of the reconfiguration message.
Proposal 9: If one of the two slots carrying the PCI bits overlaps a compressed mode gap, the UE shall ignore the “other” PCI bit.
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