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1 Introduction
The UL CLTD WI is near completion and RAN1 is addressing stage-3 design considerations.  Among the remaining issues, considerations for synchronization need to be addressed.  Synchronization aspects for UL CLTD were discussed in previous contributions (see [1],[2]).  
In this contribution, we summarize the options discussed and propose solutions for the synchronization with UL CLTD.
2 Discussion
In order to provide a smooth transition to UL CLTD operations, there are two high-level aspects that need to be decided:

1. The first aspect relates to the timing of the activation of UL CLTD
2. The second aspect relates to the actual details of the initialization of UL CLTD.
These two aspects are discussed separately next.
2.1 UL CLTD operations activation
As discussed at the last meeting (see [2]), when the UE is moving to Cell_DCH and synchronization procedure A is initiated, it typically takes a certain time before uplink synchronization is achieved and power control is stabilized.  In order to not interfere with the legacy uplink synchronization implementations, it is preferable for a UE to not initiate UL CLTD immediately upon start of uplink transmission when transitioning to Cell_DCH.
One approach proposed in [3] to implement this concept of delayed activation would be to have UL CLTD always deactivated by default upon RRC configuration and have the NodeB activate UL CLTD with an HS-SCCH order when it desires so (similar to DC-HSUPA).  This approach is attractive for UEs configured with an HSDPA, however it requires that UEs configured only with a DCH on the downlink support and monitor HS-SCCH.  In essence this would have the undesired effect of tying the UL CLTD feature to HS-SCCH reception (HS-DSCH).
A complementary approach that avoids this issue would be to also provide the means for timer-based delayed activation of UL CLTD when entering Cell_DCH state, an approach proposed in [1].  This complementary approach may be used for UEs configured with a DCH only on the downlink as well as UEs configured with an HSDPA.  The value of the timer may be configured by RRC signaling; a special value (e.g. infinite) could also be specified to allow the network to activate UL CLTD by HS-SCCH orders when HS-SCCH is available. 
The high-level concept of the UL CLTD activation with timer or HS-SCCH order for a UE reconfigured to Cell_DCH is shown in Figure 1.
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Figure 1: UL CLTD activation high-level timeline

In short, for UEs with no HSDPA configured, the network would configure the UL CLTD activation timer to a non-infinite value.  For UEs with HSDPA configured, the network would have the possibility to either control activation by this timer, or via HS-SCCH order when this timer is configured to an infinite value.  This combined approach provides means for smooth transition to UL CLTD operations avoiding initialization during the synchronization period, while providing flexibility for various network implementations.

To implement this combined approach, we propose the following:

Proposal 1:
UL CLTD operation is deactivated by default upon RRC configuration.

Proposal 2:  
Upon RRC reconfiguration UL CLTD operations may also be activated after an expiry of a timer.

Proposal 3:
The value of the UL CLTD activation timer is configured by RRC.
2.2 Initialization of UL CLTD

As discussed in [2], upon initiation of UL CLTD, the system faces a chicken-and-egg situation: the UE needs to know which pre-coding weights to first transmit pilot (and data), but the NodeB needs to receive the pilot first to determine which weights the UE should use.   We see two approaches to break this cycle; the conservative and aggressive approaches.

In the conservative approach, the UE transmits S-DPCCH for a period of time (e.g. a few TTIs) to allow proper channel estimation at the NodeB before applying the weights indicated on the F-PCICH.  This approach requires that the UE transmits with known pre-coding weights or transmitter configuration during that short period of time. 

A practical approach for transmitting with known configuration would be to use UL CLTD Configuration #2 in [4] (i.e. DPCCH, HS-DPCCH, E-DPCCH, and E-DPDCH transmitted on Physical Antenna 1 while the S-DPCCH transmitted on Physical Antenna 2).  This approach would ensure a smooth transition as the NodeB would not experience a change of channel until it has an estimate of the full channel matrix and has issued the first F-PCICH command.  The conservative approach is illustrated in Figure 1.
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Figure 2: Conservative approach
In the aggressive approach, the UE applies the weights signaled on the F-PCICH immediately upon starting UL CLTD operations; since the NodeB has no means to measure the channel matrix, the initial weights signaled on the downlink are not determined based on channel estimate.  After a short period of time when the NodeB has acquired an estimate of the channel matrix the NodeB may issues weights based on true channel estimates.  The aggressive approach is illustrated in Figure 2.
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Figure 3: Aggressive approach

The fundamental difference between the conservative and aggressive approaches is the transmission of the S-DPCCH prior to the application of the uplink weights in the conservative approach, which allows channel estimation at the NodeB prior to signaling the weights on the F-PCICH.  As a general guiding principle during initialization, it is preferable that the UE follows a precise and known procedure.  We thus favor the conservative approach in Figure 1.

2.2.1 Implementing the conservative approach

The conservative approach can be implemented in two ways.  One way consists of using HS-SCCH orders; assuming UL CLTD is being activated with an HS-SCCH order, then the network could use a first order to activate UL CLTD moving the UE to Configuration #2, followed by, a short while after, another HS-SCCH order to move the UE to UL CLTD Configuration #1 (i.e. to normal UL CLTD operations). 
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Figure 4: Transition controlled via HS-SCCH order

The other way to implement the conservative approach via a pre-defined temporary transition to UL CLTD Configuration #2; when the UE is configured to operate in UL CLTD Configuration #1, then the UE temporarily operates in UL CLTD Configuration #2 before moving to Configuration #1.  The temporary period may be configured by RRC or pre-defined in the specifications for example to one or two TTIs.
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Figure 5: Transition controlled via pre-defined timer

While in the first way the network has full control of the operation, it is also not applicable to the case where the UE is configured without HSDPA.  For this reason, we propose to implement the conservative approach via a pre-defined period where the UE operates in UL CLTD Configuration #2, as illustrated in Figure 5.
Proposal 4: 
Agree on the conservative approach to synchronization with a pre-defined transition period operating in UL CLTD Configuration #2.
3 Conclusion

In this contribution we discuss the synchronization and activation aspects of UL CLTD and we propose the following:
Proposal 1:
UL CLTD operation is deactivated by default upon RRC configuration.

Proposal 2:  
Upon RRC reconfiguration UL CLTD operations may also be activated after an expiry of a timer.

Proposal 3:
The value of the UL CLTD activation timer is configured by RRC.
Proposal 4: 
Agree on the conservative approach to synchronization with a pre-defined transition period operating in UL CLTD Configuration #2.
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