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1 Introduction
Closed-loop transmit diversity has been approved as a work item at the RAN#50 plenary [1].  While the work item has only been approved recently, there has already been a number of documents been submitted for this topic (e.g. see [2]-[7]).  By taking advantage of the work already carried out during the SI on OLTD, some initial performance assessment of CLTD was carried out as well in the past RAN1 meetings.

Besides early contributions on performance assessments, a number of companies have also contributed documents proposing various strategies for the UL pilot structure, a key aspect to UL CLTD operations.  In order to fulfill the work item objectives, RAN1 should agree on a common framework for UL CLTD.  In this contribution we compare qualitatively UL pilot channel structures that have been proposed so far.
2 Discussion
For the NodeB to perform demodulation and to determine the best set of pre-coded weights, the UE needs to transmit pilot information from both antennas.  There are three UL Pilot channel structures candidates that have been proposed so far for UL CLTD (see e.g. [5]): pre-coded pilot, non pre-coded pilot and complex-weighted pilot structures. 
In the following, we describe each structure and attempt to characterize them with respect to implications to NodeB channel estimation for demodulation, NodeB channel estimation for determining the next set of best weights, overhead, impact to legacy NodeBs, and forward compatibility with respect to dual stream transmission.
For convenience, the second pilot channel will be referred to as the second DPCCH or DPCCH2.  The legacy DPCCH will be referred to as the first DPCCH or DPCCH1.  This is for convenience and while the exact nature of the pilot channels is to be discussed; as a general guideline though it would be good practice that we keep the existing DPCCH as is.
In addition, to characterize signaling overhead and the robustness to signaling errors, we define two kinds of signals in this contribution:

· Preferred weight indication (PWI): a signal transmitted by the NodeB to the UE to indicate the preferred/recommended weights for the upcoming transmission (in other words, PWI is necessary for UL CLTD);
· Actual weight indication (AWI): a signal transmitted by the UE to indicate the weights being used for the current transmission (AWI may be optional, for example if the NodeB assumes no communications errors on the downlink). 
2.1 Pilot structure comparison

2.1.1 Pre-coded pilot

General description

In the first structure, the pre-coding weights are applied to the pilot channels before transmission [2]

 REF _Ref276731231 \n \h 
[4].  That way, the DPCCH1 experiences the same effective radio channel as the E-DPDCH, E-DPCCH, HS-DPCCH, and DPDCH if it is configured.  The orthogonal weights are applied to the second pilot channel before transmission.  This pilot structure is illustrated in Figure 1.
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Figure 1 Pre-coded DPCCH structures for UL CLTD
NodeB demodulation and power control
Since the DPCCH1 is pre-coded along with the other channels, the NodeB can use the legacy channel estimation algorithm, with or without E-DPCCH assisted channel estimation, for the purpose of data demodulation with no changes.   Thus with DPCCH1 only, the NodeB has access to the effective channel directly and channel estimation for demodulation purposes is transparent to the NodeB. 
By having one pilot channel (DPCCH1 in this case) pre-coded in the same way as the other (data) channels, the NodeB does not need to know the pre-coded weights for demodulation.  So this makes this structure robust to PWI and AWI errors in terms of demodulation.  It also removes the need for the UE to signal the AWI if the UE is allowed to select the actual weights.  We further note that this robustness to pre-coded weight signaling errors comes at the cost of the extra overhead incurred by the DPCCH2, which is not used for demodulation purposes.

Another advantage of this scheme is that, assuming DPCCH1 is used for UL power control, the inner loop power control and more specifically SINR estimation at the NodeB will not be impacted as DPCCH1 is pre-coded in the same way as the other (data) channels.   
NodeB weight selection
For the NodeB to estimate the true channel for the purpose of determining the next set of pre-coded weights, the NodeB needs to know the pre-coded weights and use both DPCCH1 and DPCCH2.  Therefore, with respect to true channel estimation for weight generation, this scheme is sensitive to PWI errors if no AWI is transmitted or sensitive to AWI errors if AWI is transmitted.

Legacy non-serving NodeBs
One potential advantage of maintaining the DPCCH1 pre-coded in the same way as the other channels is that CLTD may be transparent to the legacy non-serving NodeBs when the UE is in SHO, i.e., the non-serving NodeB does not need the UE to signal AWI for demodulation purposes.
Forward compatibility to UL MIMO

This transmitter structure can be naturally extended to UL dual stream MIMO in a straight forward way, and provides a forward compatibility to UL MIMO from both implementation and specification perspective [8].
2.1.2 Non pre-coded pilot 

General description

In the second structure, two orthogonal pilot channels (DPCCH1 and DPCCH2) are sent without pre-coding over each antenna element (see [5]

 REF _Ref281984779 \n \h 
[6]).  The E-DPDCH is pre-coded and the other channels may or may not be pre-coded.  This pilot structure is illustrated in Figure 2 REF _Ref281987135 \h 
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Figure 2 Non pre-coded DPCCH structures for UL CLTD
NodeB demodulation and power control

Since the pilot channels are not pre-coded along with the other channels, the NodeB cannot directly use the legacy channel estimation algorithm for the purpose of data demodulation.  The NodeB may need to further know the pre-coded weights in order to make use of E-DPCCH assisted channel estimation.
Without having one pilot channel (DPCCH1 in this case) pre-coded in the same way as the other (data) channels, the NodeB does need to know the pre-coded weights for demodulation.  So this makes this structure more sensitive to PWI and AWI errors in terms of demodulation.  It also requires the UE to signal the AWI if the UE is allowed to select the actual weights.  

As opposed to the DPCCH pre-coded case, a disadvantage of this scheme is that, assuming DPCCH1 is used for UL power control, the inner loop power control and more specifically SINR estimation at the NodeB will be impacted as DPCCH1 is not pre-coded in the same way as the other (data) channels are.   
NodeB weight selection

Since two orthogonal pilot channels (DPCCH1 and DPCCH2) are sent without pre-coding over each antenna element, the NodeB can directly estimate the true channel for the purpose of determining the next set of pre-coded weights without knowing the AWI. 

Therefore, with respect to true channel estimation for weight generation, this scheme is robust to PWI errors if no AWI is signaled or robust to AWI errors if it is transmitted.

Legacy non-serving NodeB

Without having the pilot channel pre-coded in the same way as the other channels, CLTD may not be transparent to the legacy non-serving NodeBs when the UE is in SHO: the non-serving NodeBs need to know the UE weights for demodulation.  Further, since it cannot be assumed that all non-serving NodeBs will know the serving NodeB preferred weights, the UE will have to signal AWI.    
Forward compatibility to UL MIMO

The non pre-coded pilot DPCCH transmitter structure can also be extended to UL dual stream MIMO in a straight forward way, and provides a forward compatibility to UL MIMO from both implementation and specification perspective.
2.1.3 Complex-weighted pilot

Description

In the third structure, two orthogonal pilot channels (DPCCH1 and DPCCH2) are sent with a complex phase alignment with the other channels on each antenna element (see [5]

 REF _Ref281984779 \n \h 
[6]).  The E-DPDCH is pre-coded and the other channels may or may not be pre-coded.  This pilot structure is illustrated in Figure 3 REF _Ref281987139 \h 
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Figure 3 Complex-weighted DPCCH structures for UL CLTD
NodeB demodulation and power control

Since DPCCH1 and DPCCH2 are sent with a complex phase alignment with the other channels, the NodeB may not be able to directly use the legacy channel estimation algorithm (also including here E-DPCCH assisted channel estimation) for the purpose of data demodulation without any changes, although the NodeB still has access to the effective channel directly with both DPCCH1 and DPCCH2. 

By having two pilot channels (DPCCH1 and DPCCH2) pre-coded in a complex phase alignment with the other (data) channels, the NodeB does not need to know the pre-coded weights for demodulation.  So this makes this structure robust to PWI and AWI errors in terms of demodulation.  It also removes the need for the UE to signal the AWI if the UE is allowed to select the actual weights.  However, the second DPCCH is also needed for demodulation purposes.

Another disadvantage of this scheme, assuming DPCCH1 is only used for UL power control, is that the inner loop power control may be impacted as both DPCCH1 and DPCCH2 are sent with a complex phase alignment with the other channels.  
NodeB weight selection

For the NodeB to estimate the true channel for the purpose of determining the next set of pre-coded weights, the NodeB has to know the pre-coded weights and use DPCCH2.   Therefore, with respect to true channel estimation for weight generation, this scheme is sensitive to PWI errors if no AWI is signaled or sensitive to AWI errors if it is transmitted.

Legacy non-serving NodeB

Similar to pre-coded pilot transmitter structure, one potential advantage of using complex-weighted pilot channel transmitter structure is the non-serving NodeB does not need the UE to signal AWI for demodulation when the UE is in SHO.  Note that channel estimation also need to change for non-serving NodeBs and legacy NodeBs would not be able to demodulate the UE E-DPDCH.
Forward compatibility to UL MIMO

It is not quite clear how this transmitter structure can be extended to UL dual stream MIMO in a straight forward way, and it may be more difficult to provide a forward compatibility to UL MIMO from both implementation and specification perspective.
2.2 Summary  
While we recognize that a complete analysis should also measure the performance of each structure via simulations, from the qualitative discussion above and summarized in Table 1, we conclude that the pre-coded DPCCH structure seems to be more advantageous in particular in terms of demodulation at NodeB, where the transmission scheme is transparent and does not require knowledge of the weights (this also applies to non-serving NodeBs). This is not the case of the non pre-coded structure and the complex-weighted structure where changes to existing receiver algorithms may be needed.  
We thus propose RAN1 to discuss and agree on the pre-coded DPCCH UL pilot structure as a baseline for the UL CLTD initial analysis work.
Table 1: Summary

	UL Pilot structure
	Transparent to Rel-10 and earlier NodeBs 
	NodeB weight selection
	Robustness to signaling errors
	Extensibility to UL MIMO

	Pre-coded
	Yes
	Requires UE weights knowledge
	Demodulation robust to PWI/AWI errors
	Straightforward

	Not pre-coded
	No
	True channel readily available
	Demodulation sensitive to PWI/AWI errors
	Straightforward

	Complex-weighted
	No
	Requires UE weights knowledge
	Demodulation robust to PWI/AWI errors
	Not clear


3 Conclusion
We have discussed and compared different UL pilot structures, and propose RAN1 to discuss and agree on the pre-coded DPCCH UL pilot structure as a baseline for the UL CLTD initial analysis work.
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