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1 Introduction
At RAN#50 a work item aimed at standardizing closed loop beam forming was started [1]. The detailed objectives of the work item are:
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Aside from the work item on closed loop transmit diversity a study item on uplink multiple-input-multiple-output (MIMO) transmission was started at RAN#50 [2]. With a proper design of closed loop transmit diversity the pilot design and control channel design could be common for the two features. In fact, in [1] it is explicitly mentioned that channel sounding and pilot design should be designed in such a way that it allows possible extension to uplink dual transmissions. 

This contribution discusses the DPCCH pilot design for CLTD and uplink MIMO. 
2 Uplink DPCCH pilot design options
Previous contributions [3][4][5][6]  have outlined the different possible DPCCH pilot designs for closed loop beam forming (and uplink MIMO). This section analyses the candidate DPCCH pilot design proposal in somewhat more detail.
2.1 Design objectives

When designing the DPCCH pilot structure for uplink closed loop transmit diversity (and MIMO) it is in our view desirable that the agreed solution fulfils the following objectives:
1. The impact on the Node-B should be minimized. 
To ensure that closed loop transmit diversity and uplink MIMO becomes an attractive feature for mobile operators it is important to design the feature in such a way so that the existing functionality can be reused. Hence, RAN1 should aim at a modular design in which the required Node-B changes are kept at a minimum. 
Uplink operation relies on several loops with varying objectives working on different time-scales. Aside from the inner loop power control (ILPC) and outer loop power control (OLPC) whose purpose is to ensure a sufficient data quality both the scheduler and the load estimation/control are fundamental components. The latter allocates the available resources (estimated available scheduling headroom) amongst the users by means of absolute and relative grants. To facilitate efficient operation of the uplink it is important to de-couple the loops as much as possible. Thus, assuming that the pre-coding weights are updated more frequently than the scheduler updates its grants it is desirable that the pre-coding does not impact the effective grant utilization (as perceived by the Node-B). Secondly, existing parameter optimizations (e.g., power offsets used for HS-DPCCH, etc.) are based on the assumption that the relative power differences between the related physical channels and DPCCH are constant.
2. The adopted pilot structure should be compatible with standardized features.
To minimize the impact from closed loop beam forming and uplink MIMO it is desirable that the DPCCH pilot structure does not require any updates of already existing 3GPP features. One example of such a feature would be E-DPCCH assisted channel estimation based on the E-DPCCH power boosting feature in Rel-7. Thus, all design choices that deviate from this policy shall be motivated by clear technical gains.  

3. The overhead (hardware and DPCCH) should be minimized.

To ensure that there are practical gains from closed loop beam forming and uplink MIMO, it is important that the associated radio and hardware related overhead is minimized. 
4. The pilot structure should be extendable for uplink MIMO transmissions. 
Clearly there are benefits from designing closed loop transmit diversity in a way so that the commonalities with uplink MIMO are maximized. This will simplify specification, implementation, as well as operation. Hence any deviations from this policy should be motivated by clear technical gains.
5. The design should support advanced (interference cancelling) receiver structures.
2.2 Non pre-coded DPCCH(s)

Figure 1 presents a design where all physical channels except the primary DPCCH (P-DPCCH) pilot and secondary DPCCH (S-DPCCH) pilot are pre-coded and transmitted from the two transmit antennas. The DPCCH(s) are however not pre-coded and each of them is transmitted from one individual physical antenna. Note that this physical channel layout is similar to the structure adopted for downlink MIMO transmission in 3GPP. 

[image: image2]
Figure 1: A physical channel layout where all channels except the DPCCH(s) are pre-coded with the same pre-coding vector.
Figure 2 shows the design for an UE configured in uplink MIMO mode. In this case the physical data channels are pre-coded with different weights.

[image: image3]
Figure 2: A physical channel layout where all channels associated with the primary stream except the P-DPCCH are pre-coded with one pre-coding vector and all channels associated with the secondary stream except the S-DPCCH are pre-coded with another pre-coding vector.

Assuming that the transmitted DPCCH pilot(s) can be written as 
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 the received DPCCH(s) can be written as

[image: image5.wmf](

)

(

)

(

)

(

)

ú

û

ù

ê

ë

é

×

×

×

=

ú

û

ù

ê

ë

é

t

s

t

s

t

r

t

r

2

1

2

1

Β

Ω

H






(1)
where
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denote the channel matrix
. Note that potential effects of that the different physical transmit antennas have different far-field antenna gain are here assumed to be captured by in the matrix H. Further, 
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is a matrix that describes the power amplifiers’ (PAs) inaccuracies
. Note that 
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 is a random variable that describes the inaccuracy associated with the first (upper branch) and 
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 is a random variable that describes the inaccuracy associated with the second (lower branch). Finally
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is a matrix that describes the relative power difference between the P-DPCCH and the S-DPCCH. I.e. 
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 represents the power offset between the S-DPCCH and the P-DPCCH. 
Using the notation introduced above we may write the received pilot signals as
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Similarly we can write the received signals for the pre-coded channels as 
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where W is the pre-coding matrix.

2.3 Pre-coded DPCCH(s)

The other main alternative with respect to the DPCCH pilot design is shown in Figure 3 for a closed loop transmit diversity setting. In this design, all physical channels and the P-DPCCH are pre-coded with the same pre-coding vector 
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. We will here refer to this as the primary pre-coding vector. The other DPCCH pilot, here referred to as the S-DPCCH, is pre-coded with another pre-coding vector 
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Figure 3: A physical channel layout where the P-DPCCH and all physical data channels are pre-coded with the same pre-coding vector and S-DPCCH is pre-coded with another pre-coding vector.
Figure 4 shows an overview of the design when the UE is configured in uplink MIMO mode.

[image: image17]
Figure 4: A physical channel layout where the P-DPCCH and all primary physical data channels are pre-coded with the same pre-coding vector and S-DPCCH and the secondary physical data channels are pre-coded with another pre-coding vector.
Reusing the notation introduced above the received DPCCH(s) can be written as
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where 
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denotes the pre-coding matrix with which the channels are pre-coded. Similarly the received data signals can be written as 
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3 Discussion
The previous sections outlined the design objectives for the DPCCH pilots and the two main alternatives. This section provides a qualitative analysis with respect to these options. To a large extent this discussion is based on the one that we previously presented in [3]. From the previous section the following observations can be made:
Observation 1: If P-DPCCH and physical channels are pre-coded with the same weights the power ratio will be independent of the applied pre-coding vector.
This design would facilitate an approach where the network can continue to rely on the P-DPCCH as reference. This would thus allow that the existing parameter settings (e.g. ACK, NACK, …) are reused. Even more importantly pre-coded DPCCHs will limit (minimize) the impact to the scheduler. This is because the relative power ratio between physical data channels and the DPCCH pilots will be independent of the applied pre-coding weights as long as all physical channels are pre-coded with the same weights. Also, the use of pre-coded DPCCH can reduce the interference generated from buffer limited UEs (which will be transmitting DPCCH a significant proportion of the time). In our view the first two of the mentioned reasons are very strong reasons for adopting a solution with pre-coded pilots. 
Observation 2: Pre-coded DPCCH(s) pilots limit the impact on E-DPCCH assisted channel estimation. 

If the DPCCH and E-DPCCH associated with each stream are transmitted with the same pre-coding vector, legacy channel estimation algorithms, now working on the pre-coded channel, can be reused. If the DPCCH is not pre-coded the Node-B will estimate the “wireless” channel without considering the effects of pre-coding. To derive a channel estimate used for demodulating the pre-coded physical channels, the estimate of wireless channel needs to be multiplied with the applied pre-coding vectors. Note that when the DPCCH pilots are not pre-coded the PA inaccuracies will adversely impact the demodulation performance.
Observation 3: Pre-coded DPCCH(s) support gating of the S-DPCCH. 
For closed loop beam forming the pre-coded channels will be transmitted from both physical antennas. Hence it is necessary for the Node-B receiver to have a channel estimate of the “entire” wireless channel. This means that both the P-DPCCH and the S-DPCCH need to be transmitted. 
With a pre-coded DPCCH pilot structure it is, for single-stream transmissions, sufficient to transmit the P-DPCCH since the E-DPCCH and E-DPDCH will use the same pre-coding vector. Thus, a pre-coded DPCCH pilot structure facilitates a design where the S-DPCCH can be gated. This could be beneficial because the Node-B does not need to spend as much hardware resources on DPCCH transmissions and because the transmit power that the UE needs to spend on DPCCH transmission is reduced.
Observation 4: With pre-coded DPCCH(s) it is not necessary to signal the pre-coding weights applied by the UE.

With pre-coded DPCCH pilots the Node-B(s) does not need to be aware of the applied pre-coding vectors for demodulation purposes. Notice though that the (serving) Node-B needs to be aware of the applied pre-coding weights for the sake of channel sounding (which seems likely if the serving Node-B controls the pre-coding weight selection).
Observation 5: Pre-coded pilots will minimize the impact from PA inaccuracies with respect to channel estimation.

In practice the PAs will be associated with inaccuracies arising from the manufacturing process. Above these inaccuracies were modelled by means of the random variables 
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. Focusing on the single-stream transmissions the ratio between the data and pilot power can when the DPCCH pilots are not pre-coded be written as
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[non pre-coded DPCCH pilots]
(10).

For the case where DPCCH pilots are pre-coded the ratio can instead be written as
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[pre-coded DPCCH pilots]

(11).
Comparing (10) and (11) we note that if the DPCCH pilots are not pre-coded the ratio will not only depend on the applied pre-coding weights but also on the PA inaccuracies. (If the DPCCH pilots are pre-coded the ratio is independent of both the pre-coding weights and potential PA inaccuracies since all physical channels are transmitted in the same fashion). Hence, without pre-coded DPCCH pilots it may be necessary for RAN4 to introduce new requirements on PA accuracies.
Observation 6: Pre-coded DPCCH facilitates SHO with legacy Node-B.
Observation 7: To estimate the channel the Node-B needs to be aware of the relative transmit power difference between the P-DPCCH and S-DPCCH.
From (5) and (7) it is apparent that the Node-B receiver needs to be aware of the relative power difference 
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 between the P-DPCCH and the S-DPCCH in order to derive an accurate channel estimate. Note that this holds true for both the structure where the pilots are pre-coded and the case where the pilots are not pre-coded. This will impact the inner loop power control (ILPC) design, which we discuss further in [7].
Based on these observations we propose that:

Proposal 1: The P-DPCCH and the S-DPCCH (when transmitted) are pre-coded.

Proposal 2: The P-DPCCH is pre-coded with the same pre-coding vector as the HS-DPCCH, E-DPCCH and E-DPDCH.

Proposal 3: For dual stream transmissions the S-DPCCH should be pre-coded with the same pre-coding vectors as the physical channels associated with the second stream.
Proposal 4: The pre-coding vectors and the relationship between the primary and secondary pre-coding vector is FFS.
4 Conclusions

This contribution analyzed the DPCCH pilot design for uplink closed loop transmit diversity and uplink MIMO transmissions. Based on our analysis we propose the following:

Proposal 1: The P-DPCCH and the S-DPCCH (when transmitted) are pre-coded.

Proposal 2: The P-DPCCH is pre-coded with the same pre-coding vector as the HS-DPCCH, E-DPCCH and E-DPDCH.

Proposal 3: For dual stream transmissions the S-DPCCH should be pre-coded with the same pre-coding vectors as the physical channels associated with the second stream.
Proposal 4: The pre-coding vectors and the relationship between the primary and secondary pre-coding vector is FFS.
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The objective of this WI is to specify functionality to enable closed loop uplink transmit diversity. The detailed objectives are as follows


Support for Closed Loop Beamforming Transmit Diversity


Confirm performance gains of closed loop transmit diversity and key factors of the feature design. The results shall be captured in an appropriate document, e.g. existing TR or summary document.


UL Pilot channel structure for uplink channel sounding based on two pilot channels sent from two transmit antennas at the UE


Investigate tradeoffs between implicit and explicit PCI indication in uplink and the design the related enhancements in uplink control channels


Control signaling mechanisms, codebook and the related enhancements in downlink control channels


Power control mechanisms 


Required modifications to other L1 procedures


Minimise the influence on HS-DPCCH performance and downlink throughput in soft hand over


Investigate the interaction with existing UTRA features and CPC in particular 


Specify the required changes in L2 protocols and related specifications


Specify the required changes in L3 protocols and related specifications allowing activation and deactivation of closed loop transmit diversity.


Take the following into account in the specification design: 


As much as possible re-use the existing design for relevant control channels 


Ensure coexistence with, and minimize the impact on, legacy devices not supporting transmit diversity


Minimize the impact and the complexity on the terminal and the network


Facilitate the possible extension to UL dual stream MIMO operation in particular for channel sounding and pilot design, control channel design and power control procedures.
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� Here � EMBED Equation.3  ��� denotes the wireless channel between the transmit antenna 2 and receive antenna 1
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