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1
Introduction

In TSG-RAN#50 a new work item, “Uplink Transmit Diversity for HSPA-closed loop”, was approved [1]. In this contribution we discuss and address some outstanding issues related to the physical layer design for ULTD-CL (CLTD).
2
Summary of Work Item Objective
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.
3
Physical Layer Design Considations towards CLTD
3.1
Physical Channels

3.1.1
Introduction of new uplink channels

3.1.1.1
Secondary-DPCCH (S-DPCCH)

In [2]-[8], a few UE transmitter design options for UL CLTD were introduced and discussed. A common theme in all these documents was the need on the part of the UE to transmit a second pilot for the purpose of channel sounding from the 2nd UE transmit antenna to each of the NodeB receive antennas.  In order to allow the NodeB to derive a suitable beamforming vector based on the strongest eigenmode, the NodeB needs to estimate the 2xn MIMO channel  (n= 2 or 4 Rx antennas) between the UE and the NodeB. For this purpose, it is imperative that the UE transmit a secondary pilot channel such that the 2xn channel can be sounded at each NodeB Rx antenna. This requirement holds true even if UL CLTD is extended to UL MIMO. In fact when a second stream is transmitted, a secondary pilot also serves as a phase reference for the purpose of data demodulation of the second stream. In the following, we refer to this secondary pilot channel as S-DPCCH.
Proposal 1: For the purpose of 2x2 or 2x4 channel sounding, introduce a secondary pilot channel (S-DPCCH) on the uplink. 

Logically speaking, the spreading factor on the S-DPCCH should be the same as the DPCCH. This in turn enables reuse of the pilot processing functions that currently exist for DPCCH.
Proposal 2: The spreading factor of S-DPCCH is the same as that of DPCCH i.e. SF256.
As a bare minimum, all the bits transmitted on S-DPCCH could be used for the sole purpose of channel estimation at the NodeB. 

Proposal 3: Introduce a new slot for mat (10 pilot bits per slot) for S-DPCCH as shown in Table 1. Other slot formats to accommodate non-pilot bits (eg. PCI bits) on S-DPCCH are FFS.

Table 1: S-DPCCH fields

	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/

Frame
	Bits/

Slot
	Npilot
	NTPC
	NTFCI
	NFBI
	Transmitted slots per radio frame

	0
	15
	15
	256
	150
	10
	10
	0
	0
	0
	8-15


In [2], further details were discussed with regard to mapping the S-DPCCH to a separate channelization code or to the same channelization code using an orthogonal pilot pattern similar to the diversity CPICH on the downlink. The same channelization code option can simplify some of the NodeB pilot processing in terms of the de-spreading requirement as well as potentially cause less impact to the cubic metric.
FFS 1: Evaluate further the mapping of S-DPCCH based on the following two choices:

· Map S-DPCCH to a separate channelization code (channelization code index is FFS)

· Map S-DPCCH to the same channelization code as the DPCCH using an orthogonal pilot pattern.

Transmitting an additional uplink channel (S-DPCCH) has an impact on both transmit power at the UE and receive power at the NodeB. As discussed in [6], as a means or reducing this overhead, it may be beneficial to gate the S-DPCCH.

FFS 2: Evaluate further the improvement to link efficiency due to gating of S-DPCCH.

The power level on S-DPCCH could be set as a fixed power offset Γ with respect to DPCCH. However, when E-DPCCH boosting is configured, if the beamforming weight computation at the NodeB is derived from the boosted E-DPCCH, then it may be necessary to boost the S-DPCCH accordingly In that case, the power level on S-DPCCH could be set as an offset with respect to E-DPCCH.
FFS 3: Determination of uplink gain factor on S-DPCCH is FFS depending on whether E-DPCCH is boosted or not.
3.1.2
Introduction of pre-coding of physical channels at the UE transmitter

By definition, the closed loop transmit diversity feature entails the application of a pre-coding or beamforming vector [w1 w2 ] prior to transmission across the two antennas. In [9], the benefits of an 
Proposal 4: When CLTD is configured and enabled in the UE, the UE pre-codes or beamforms the DPDCH, E-DPCCH, HS-DPCCH, E-DPCCH with a complex weight vector [w1 w2].  
Further consideration must be made with regard to ensuring that there is minimal impact on the required Ec/No at the NodeB receiver. During the study on open loop beamforming transmit diversity, it was noted that symmetric implementation had a lesser impact on the Ec/No at the receiver. 

In the symmetric implementation of beamforming described in [10], the beamforming phase 
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 is split into negative half and positive half which are further applied at two UE transmit antennas. This implementation in itself may not be suitable for CLTD beamforming with phase resolution 90 degree or larger. However, with some modifications, it is seen that symmetric implementation can indeed be applied to CLTD as well. In particular, an enhanced symmetric beamforming implementation that minimizes the impact of beamforming feedback error is presented in [9].
FFS 4: Evaluate further the benefits of introducing an enhanced symmetric implementation (as described in [9]) of beamforming (or pre-coding) at the UE transmitter.
Further discussion is presented in the next section with regard to pre-coding of the pilot channels.

3.1.2.2
Pre-coding of DPCCH and S-DPCCH or not?
So far, three main pilot structure alternatives have been introduced and discussed for the purpose of CLTD:

· Non-Pre-coded pilots [4]
· Pre-coded pilots

· Scheme 1:

· The DPDCH, E-DPCCH, HS-DPCCH and E-DPDCH are pre-coded using a primary pre-coding vector [w1 w2].

· DPCCH is pre-coded using the same primary pre-coding vector [w1 w2].

· S-DPCCH is pre-coded using a secondary and orthogonal pre-coding vector [w3 w4].
· Scheme 2:

· The DPDCH, E-DPCCH, HS-DPCCH and E-DPDCH are pre-coded using a precoding vector [w1 w2].

· DPCCH is pre-coded using the pre-coding vector [w1 0].
· S-DPCCH is pre-coded using an orthogonal pre-coding vector [0 w2].
A lot of discussion [4]-[8] has taken place with regard to the advantages and disadvantages of each of these schemes. Much of the discussion points to the benefits of the using Pre-coded pilot scheme 1. 

Proposal 5: The DPCCH and S-DPCCH are each pre-coded as follows:
· The DPDCH, E-DPCCH, HS-DPCCH and E-DPDCH are pre-coded using a primary pre-coding vector [w1 w2].

· DPCCH is pre-coded using the same primary pre-coding vector [w1 w2].

· S-DPCCH is pre-coded using a secondary and orthogonal pre-coding vector [w3 w4].
3.1.3
Feeding back uplink pre-coding information to the UE
In general, the uplink precoding information (UL PCI) constitutes both amplitude and phase information. The key questions then are the following:
· How many bits are needed for each of the amplitude and phase components of the UL PCI? 
· In particular, is there a benefit in quantizing the amplitude differences between the pre-coding weights, when realistic channel estimation is modeled at the NodeB and realistic feedback error is modeled at the UE?
· Also, what is the UE PA assumption (full power or half power PAs) at each antenna if we were to allow for quantization of the amplitude differences between the pre-coding weights?

· How often should the UL PCI bits be sent?

FFS 5:  For the uplink PCI, evaluate the number of amplitude and phase bits required to be transmitted on the downlink as well as the required frequency or feedback rate.
The phase information portion of the UL PCI bits can be fed back directly or in a recursive fashion as specified for the downlink closed loop transmit diversity procedure (Section 7 in [11]). The recursive scheme relies on filtering of phase information at the UE which is more robust to feedback error rate compared to the direct scheme. 
FFS 6:  For the phase information of the UL PCI, while evaluating the required number of phase bits, also compare the  direct feedback scheme v/s recursive feedback scheme (as specified for the downlink closed loop transmit diversity procedure in 25.214).

If the required amount of UL PCI bits per slot is small (1-3 bits per slot), the F-DPCH is an attractive physical channel that could carry these bits. On the other hand, if the required amount of UL PCI bits is high (> 3 bits per slot), then a new physical channel may be required.
FFS 7: Evaluate if there is a need to introduce a new physical channel on the downlink to carry the UL PCI bits or whether F-DPCH is adequate enough.
FFS 8: If F-DPCH is adopted to carry UL PCI bits, evaluate further the option of:
· transmitting UL PCI bits instead of power control commands in certain slots
· allocating more F-DPCH symbols within a slot to one particular UE to carry PCI bits
· transmit UL PCI and UL TPC bits on different F-DPCHs to the same UE
3.2
Channel Coding and Multiplexing

3.2.1
Dynamic Enabling and Disabling of CLTD operation via HS-SCCH orders

While the technique of closed loop transmit diversity (CLTD) is useful in many scenarios, there are scenarios where transmit diversity could result in detrimental performance.  Examples of such scenarios are:

· The serving NodeB receiver estimates the speed (or velocity) of the UE to exceed a limit beyond which the loop cannot track the channel fast enough.

· The inner loop power control (ILPC) procedure at the UE on the downlink results in the UE requiring excess power on the downlink control channel that carries the beamforming feedback weight information.

· The serving NodeB receiver receives many packets in error within a given time window.

In such scenarios, it may be useful to dynamically disable CLTD operation for a brief period of time and then to enable the CLTD operation when the scenario again becomes favorable for CLTD. This can be achieved via HS-SCCH orders.

Proposal 6: Allow for the possibility to dynamically enable and disable CLTD operation via HS-SCCH orders
3.3
Physical Layer Procedures

3.3.1
Generation of UL PCI Bits in UTRAN

One key objective of the work item is to

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

An example where CLTD could impact the downlink performance is if the non-serving NodeB were also allowed to feedback a beamforning vector back to the UE. Since HS-DPCCH is only decoded at the serving Node-B this may result in reduced HS-DPCCH performance and therefore reduced downlink performance. Also, if it were possible to allow both serving and non-serving NodeB cells to feedback UL PCI bits, a suitable PCI combining algorithm would need to be specified at the UE. This may not be that straightforward to derive and not worthwhile to pursue given the above objective. Nevertheless, for the case when the UL PCI feedback bit generation is restricted to the serving NodeB cell, a link analysis needs to be carried out to evaluate the impact to the required HS-DPCCH power offset when UE is in soft handover and CLTD is configured.
Proposal 7: UL PCI bits are generated or derived only in the serving NodeB cell

FFS 9: Further evaluate the impact to HS-DPCCH power offset when UE is in soft handover and CLTD is configured and enabled in the UE.
3.3.2
Interaction of CPC and CLTD

Another key objective of the work item is to:

· investigate the the interaction with existing UTRA features and CPC in particular
In [13], a preliminary link analysis was performed. The analysis concludes that the CLTD gains are still preserved when CPC is configured. In particular assumption was made with regard to applying the last received UL PCI bits in the first few slots of the next burst.
FFS 10: While CPC and CLTD are configured, in the absence of any received UL PCI bits from the NodeB, determine how the UE should derive UL PCI bits for the first few slots of a DPCCH burst.
3.3.3
Dual v/s Single Inner Loop Power Control Procedures

Given that there are two pilots (DPCCH, S-DPCCH) in the assumed baseline design, a natural tendency would be to power control the two pilots independently by maintaining two power control loops and adapting the SIR targets independently based on the BLER or HARQ failure achieved on each of the streams. However, as is well know in MIMO theory and as shown in Figure 1, if we assume a 2x2 rayleigh fading MIMO channel matrix (hij; i ,j = 1,2), the weaker singular value (light blue pdf) has a much higher chance of deep fade compared to the stronger singular value (magenta pdf). The square of the singular value corresponds to the power of the signal component when the SINR measurements at the receiver are performed on the precoded channel (virtual channel). Hence, a lot of transmit power may be wasted on the secondary pilot if an attempt is made to invert the weaker eigenmode. 
Furthermore, there is yet another problem: If both pilots are power controlled independently, the relative power offset between the two pilots at the transmitter must be known at the receiver so that it’s effect can be removed to determine the true underlying channel (upto a fixed scaling) for the purpose of precoder selection. This either requires additional signaling from UE Tx to NodeB receiver, or requires the NodeB to estimate this offset from the history of up-down ILPC commands on both the streams, which is susceptible to ILPC command errors.
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Figure 1: Probability density function of actual and virtual channel gains for a 2x2 rayleigh fading channel

Based on the above analysis, we propose the following:

Proposal 8: When CLTD is configured, the UE continues to receive UL TPC bits from the NodeB to control the power level of the UL DPCCH. A single ILPC is maintained at the NodeB based on the DPCCH, where the DPCCH SINR measurement is performed on the pre-coded DPCCH. 

3.3.4
Maximum and minimum power limits
Further consideration is needed to help determine suitable power scaling algorithms when the UE exceeds both maximum and minimum power limits. In particular, how does the UE scale the total transmit power now that there is an additional channel (S-DPCCH) transmitted on the uplink.
FFS 11: Evaluate further UE power scaling algorithms when CLTD is configured in the UE and the total transmit power crosses the maximum or minimum allowed power.
4
Conclusions

In this contribution, we have considered modifications to the physical layer design to support CLTD operation. In particular, the following proposals were made:
Proposal 1: For the purpose of 2x2 or 2x4 channel sounding, introduce a secondary pilot channel (S-DPCCH) on the uplink. 

Proposal 2: The spreading factor of S-DPCCH is the same as that of DPCCH i.e. SF256.

Proposal 3: Introduce a new slot for mat (10 pilot bits per slot) for S-DPCCH as shown in Table 1. Other slot formats to accommodate non-pilot bits (eg. PCI bits) on S-DPCCH are FFS.

Proposal 4: When CLTD is configured and enabled in the UE, the UE pre-codes or beamforms the DPDCH, E-DPCCH, HS-DPCCH, E-DPCCH with a complex weight vector [w1 w2].  

Proposal 5: The DPCCH and S-DPCCH are each pre-coded as follows:

· The DPDCH, E-DPCCH, HS-DPCCH and E-DPDCH are pre-coded using a primary pre-coding vector [w1 w2].

· DPCCH is pre-coded using the same primary pre-coding vector [w1 w2].

· S-DPCCH is pre-coded using a secondary and orthogonal pre-coding vector [w3 w4].
Proposal 6: Allow for the possibility to dynamically enable and disable CLTD operation via HS-SCCH orders,

Proposal 7: UL PCI bits are generated or derived only in the serving NodeB cell.

Proposal 8: When CLTD is configured, the UE continues to receive UL TPC bits from the NodeB to control the power level of the UL DPCCH. A single ILPC is maintained at the NodeB based on the DPCCH, where the DPCCH SINR measurement is performed on the pre-coded DPCCH. 

Also, a list of open issues was also identified as follows:

FFS 1: Evaluate further the mapping of S-DPCCH based on the following two choices:

· Map S-DPCCH to a separate channelization code (channelization code index is FFS)

· Map S-DPCCH to the same channelization code as the DPCCH using an orthogonal pilot pattern.

FFS 2: Evaluate further the improvement to link efficiency due to gating of S-DPCCH.

FFS 3: Determination of uplink gain factor on S-DPCCH is FFS depending on whether E-DPCCH is boosted or not.

FFS 4: Evaluate further the benefits of introducing an enhanced symmetric implementation (as described in [9]) of beamforming (or pre-coding) at the UE transmitter.

FFS 5:  For the uplink PCI, evaluate the number of amplitude and phase bits required to be transmitted on the downlink as well as the required frequency or feedback rate.

FFS 6:  For the phase information of the UL PCI, while evaluating the required number of phase bits, also compare the  direct feedback scheme v/s recursive feedback scheme (as specified for the downlink closed loop transmit diversity procedure in 25.214).

FFS 7: Evaluate if there is a need to introduce a new physical channel on the downlink to carry the UL PCI bits or whether F-DPCH is adequate enough.
FFS 8: If F-DPCH is adopted to carry UL PCI bits, evaluate further the option of:

· transmitting UL PCI bits instead of power control commands in certain slots
· allocating more F-DPCH symbols within a slot to one particular UE to carry PCI bits

· transmit UL PCI and UL TPC bits on different F-DPCHs to the same UE

FFS 9: Further evaluate the impact to HS-DPCCH power offset when UE is in soft handover and CLTD is configured and enabled in the UE.
FFS 10: While CPC and CLTD are configured, in the absence of any received UL PCI bits from the NodeB, determine how the UE should derive UL PCI bits for the first few slots of a DPCCH burst.
FFS 11: Evaluate further UE power scaling algorithms when CLTD is configured in the UE and the total transmit power crosses the maximum or minimum allowed power.
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