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1
Introduction

In [1], [2], the need to allow for dynamic control of UL CLTD via HS-SCCH orders was discussed. In particular, in [2], it was proposed to allow for antenna switching via HS-SCCH orders in high antenna imbalance situations. However, in RAN1#64, it was decided to study further via link analysis whether there is any merit of accomodating the antenna switching hypotheses as part of the PCI code book. Based on the link analysis performed in [3], the following two proposals were made:
Proposal 1: Antenna selection weight vectors [1 0] and [0 1] should not be included as part of the PCI codebook.

Proposal 2: HS-SCCH orders are used to enable/disable single antenna transmissions. The orders should be used to switch to single antenna transmission on the best antenna when large imbalances are detected. 
Based on the above proposals, we discuss further the potential UL CLTD configurations that can be controlled via HS-SCCH orders. Furthermore, we also consider a NodeB based control for UEs that are only configured on DCH.
2
Dynamic Control of CLTD operation via HS-SCCH orders
CLTD operation by itself is a dynamic procedure, where the NodeB signals the PCI bits back to the UE. In this section, we address a different form of dynamic control which has a relative slower update rate than the PCI bits. For this purpose, the HS-SCCH orders (as used in CPC, MC-HSPA) are more appropriate.

 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.
· One of the antennas is temporarily attenuated by a large amount due to human effects and so  it may be better to transmit the signal from the stronger antenna. 
· This condition can be detected at the NodeB by measuring the difference between the long term SNRs of the channel estimates of the raw channel.
In such scenarios, it may be useful to dynamically control the ULTD operation. 
Figures 1 through 5 describe the different UE configurations to support the above.

In Figure 1, the UE is operating normally in CLTD mode with the DPCCH, DPDCH, HS-DPCCH, E-DPCCH and E-DPDCH transmitted on the primary precoding vector and the S-DPCCH transmitted on the secondary precoding vector.
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Figure 1: UL CLTD Configuration 1: DPCCH/HS-DPCCH/E-DCH on primary precoding vector and S-DPCCH on secondary precoding vector
Figure 2 corresponds to a use case where beamforming  has a detrimental effect (eg. user is at high velocity or physical antenna 2 is experiencing a high attenuation relative to physical antenna 2). In this case, it may be beneficial to  transmit the DPCCH, DPDCH, HS-DPCCH, E-DPCCH and E-DPDCH on the physical antenna 1 and S-DPCCH on physical antenna 2. The reason for sending S-DPCCH on antenna 2 is to allow for channel sounding so that the NodeB could detect when to restart the beamforming procedure i.e. reconfigure the UE to ULTD configuration 2.
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Figure 2: UL CLTD Configuration 2: DPCCH/HS-DPCCH/E-DCH on physical antenna 1 and S-DPCCH on physical antenna 2

The use case in Figure3 is identical to the use case in Figure 2, except that the roles of physical antenna 1 and 2 are reversed. 
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Figure 3: UL CLTD Configuration 3: DPCCH/HS-DPCCH/E-DCH on physical antenna 1 and S-DPCCH on physical antenna 1
Figure 4 corresponds to the case when the UE is operating in legacy mode i.e. ULTD is de-activated or disabled.
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Figure 4: UL CLTD Configuration 4: DPCCH/HS-DPCCH/E-DCH on physical antenna 1 and S-DPCCH is disabled
Figure 5 also corresponds to falling back to non-ULTD mode i.e. ULTD is de-activated or disabled, except that instead the UE transmits on physical antenna 2. This configuration would have some advantage if the UE were to experience a long term imbalance between physical antenna 1 and 2.
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Figure 5: UL CLTD Configuration 5: DPCCH/HS-DPCCH/E-DCH on physical antenna  and S-DPCCH is disabled
Table 1 summarizes the 5 different UL CLTD configurations discussed above.

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


Proposal 2: Define HS-SCCH orders for the 5 different UL CLTD configurations defined in Table 1.

3
UE Capabilities

The discussion in the previous section on the 5 different UL CLTD configurations did not account for the PA implementation aspects of the ULTD capable UE. For example, UL CLTD configuration 3 would require the 2nd PA to be greater than half power or close to maximum power while UL CLTD configuration 5 would require the 2nd PA to be operating at maximum power. 
In general three different UE implementations may exist:

· UE1:Two full power PAs
· 23 dBm + 23 dBm

· UE2: One full power PA on physical antenna 1 and One half power PA on physical antenna 2

· 23 dBm + 20 dBm

· UE3: Two half power PAs
· 20 dBm + 20 dBm

As per RAN4 discussions on UL MIMO for LTE [4] during 2009, the above 3 UE architectures were considered feasible and RAN4 wanted to leave the possiblity to implement different architectures.
It is clear that UE1 should be able to support the 5 different UL CLTD configurations based on PA max power basis However, while UE2 and UE3 could also support the 5 different configurations, if a UE transmitted most of the power from the antenna connected to the half power PA, then it could be coverage limited due to the 3 dB loss in maximum output power (eg, UE is asked to transition to UL CLTD configuration #5 in Table 5 and physical antenna #2 is connected to the half power PA).  While we do not expect the deployment of half power PAs for many years to come, it may be useful to future proof the system by requiring the UL CLTD UE to signal it’s PA capability on each antenna to the UTRAN (restricted to 23 dBm + 23 dBm, 23 dBm + 20 dBm and 20 dBm + 20 dBm). With this knowledge of the UE capability, the NodeB can send an appropriate HS-SCCH order to the UE.
Proposal 3: Introduce signaling of the UE’s transmit power architecture configuration on each physical transmit antenna from the UE and send an LS to RAN2 if this proposal is agreed.
Finally, if a UE is only configured on DCH (i.e. no HS channels are configured), then it may still be possible to allow for dynamic control of UL CLTD in the UE via the NodeB. For example, it is possible to preconfigure the UE and NodeB with unused TFCI(s). Then in the case when the serving NodeB wants to enable or disable UL CLTD, the serving NodeB can send a specific TFCI that indicates so. Of course this method of dynamic signaling would apply only if the UE is not in soft handover. For the case when UE is in soft handover, the UTRAN would need to rely on RRC signaling to configure the UE to one of the 5 different UL CLTD configurations as described in Table 1.

Proposal 4: For UL CLTD capable UEs only configured on DCH and not in soft handover, to allow for dynamic control of UL CLTD by the NodeB, preconfigure an unused set of TFCIs at the NodeB and UE for this purpose.

4
Conclusions

Based on the discussion in this document, we have the following proposals:

Proposal 1: Agree to dynamic control of UL CLTD operation via HS-SCCH orders. 
Proposal 2: Define HS-SCCH orders for the 5 different UL CLTD configurations defined in Table 1.
Proposal 3: Introduce signaling of the UE’s transmit power architecture configuration on each physical transmit antenna from the UE and send an LS to RAN2 if this proposal is agreed.

Proposal 4: For UL CLTD capable UEs only configured on DCH and not in soft handover, to allow for dynamic control of UL CLTD by the NodeB, preconfigure an unused set of TFCIs at the NodeB and UE for this purpose.

5
References

[1] R1-110118, “Physical Layer Design Considerations for ULTD”, Qualcomm Incorporated

[2] R1-110667 , “Dynamic control of UL CLTD via HS-SCCH orders”, Qualcomm Incorporated

[3] R1-111256, “PCI Feedback Link Analysis due to Antenna Imbalance”, Qualcomm Incorporated

[4] R1-093750, “LS Response to R1-092984 on UE Power Amplifier configurations for multiple transmit antennas in LTE-A”, RAN4, Sharp, Motorola
[5] RAN4#52 Chairman Notes, v1.0.0









