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1 Introduction 
The Rel-11 WI “Uplink transmit diversity for HSPA” was approved in RAN#50 [1]. Transmit diversity is one of the anti-fading technologies in wireless communication using the identical signal that originates from two or more independent signal sources which have been modulated with the same information-bearing signal. The transmit diversity can be categorized into open-loop and closed-loop schemes. The uplink open loop transmit diversity (OLTD), including beamforming and switched antenna schemes, has been discussed in the framework of Rel-10 SI UL OLTD [3]

 REF _Ref281984975 \r \h 
[4] where the UE performs these techniques autonomously without any additional explicit feedback signaling required. The uplink closed loop transmit diversity (CLTD) scheme, on the other hand, requires explicit feedback message with the channel state information (CSI) provided by the Node B receiver.
Besides the WI UL CLTD, the Rel-11 SI “Closed Loop Uplink Single and Dual Stream Transmission” (UL MIMO) was also approved in RAN#50 [2]. It is believed that an explicit feedback message is also required for UL MIMO and it is expected that the same feedback mechanism is applied in both UL CLTD and UL MIMO.
In this contribution, we will discuss the feedback channel design options for the UL CLTD.
2 Basic concept

The UL CLTD beamforming scheme requires NodeB to estimate the channel state and feedback precoding control indication (PCI) to the UE. So the pilot should be configured on both two different transmit antennas, and there exists two ways [6]
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[7]
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[8]
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[9]
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[10]
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[11], one is the non-precoded pilot scheme, the other is precoded pilot scheme. We prefer the precoded pilot scheme because, e.g., the stable of inner loop power control can be achieved and it does not need uplink signalling to notify the non-serving cells which precoding weight has been selected when implementing handoff compared to the non-precoded pilot scheme. The basic block diagram for uplink CLTD is shown as in Figure 1. 
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Figure 1: Uplink closed loop transmit diversity with beamforming
Figure 1 represents the basic closed loop transmit diversity scheme. Two orthogonal DPCCHs, one for each antenna, are sent in the uplink for channel estimation. The NodeB estimates the channels from the two antennas and determines the appropriate transmit weights, which are feed back as CSI to the UE. From this feedback, the UE determines the transmit weights for the two antennas where,
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is the normalized amplitude and
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 is the relative phase shift of the two antennas. As in the HSDPA transmit diversity, the precoding weights can be adopted into the UL.
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The above precoding weights need 2 feedback bits. If more feedback bits are allowed, the codebook size can be increased to facilitate the NodeB obtain more accurate channel information.
The CLTD scheme needs the explicit feedback information from NodeB to denote the appropriate precoding code.
3 Options for feedback design
There are some possible alternatives existing for transmitting the feedback information,
· F-DPCH based feedback: re-use F-DPCH for transmitting the feedback information [6]
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[9] 

· HS-SCCH based feedback: rely on HS-SCCH orders for feedback information
· New channel for feedback: introduce a new physical channel for feedback information
With the HS-SCCH based feedback, an order type could be designated for transmitting the precoding weights and the 3-bit order is used to carry the PCI information. One fact to be highlighted here is that the HS-SCCH orders are almost used up. The situation will even be worse when 8C-HSDPA is introduced and the remaining HS-SCCH orders are expected to be used for the 4th, 5th, 6th and 7th secondary downlink carriers. Moreover, the HS-SCCH channel is designed for HSDPA scheduling, Improper usage of the channel for other purpose would cause the downlink performance degradation, e.g., increasing of blocking probability. So in our point of view, relying on HS-SCCH orders for transmitting the feedback information is not a good choice. The following part will focus on the other two options.
3.1 F-DPCH based feedback
No new physical channel is required, if the F-DPCH is re-used to transmit the PCI information. There are several options existing for how to use the F-DPCH for transmitting the PCI information, as described below. Meanwhile, the UE only power controls the F-DPCH transmitted from the serving HS-DSCH cell. It is expected that the PCI information is only transmitted from the serving NodeB to ensure the transmission quality. This expectation is also based on the consideration that the different NodeBs would have their own preferred different precoding weights. It is not reasonable for the UE to combine these precoding weights into a single one.
There are several possible options for F-DPCH transmitting the feedback information [9]:
· TDM of TPC and PCI: transmit feedback information instead of power control commands in certain slots, as illustrated in Figure 2.
· CDM of TPC and PCI: transmit feedback and TPC information on different F-DPCHs, as illustrated in Figure 3.
· Combination of TPC and PCI: allocate more symbols within a slot to one particular UE, as illustrated in Figure 4. 

The paper [9] analyzed the pros and cons of the options and this contribution will not lengthen the discussion.
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Figure 2: TDM of TPC and PCI in F-DPCH
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Figure 3: CDM of TPC and PCI in F-DPCH
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Figure 4: Combination of TPC and PCI in F-DPCH
3.2 New channel for feedback
With the introduction of HSUPA, two new physical channels were introduced then, E-RGCH and E-HICH. For a particular UE, the E-RGCH and E-HICH are configured with the same spreading code and differentiate each other (and other UEs configured with the same spreading code) with the identical signatures within each slot. The same principle could be extended to transmit the feedback information.
For example, the new physical channel for transmitting the feedback information is denoted as E-PCICH (E-DCH Precoding Control Indicator Channel). Depending on the RAN1 group decision, the codebook size of precoding vector would be 4 (2 bits feedback) or 8 (3 bits feedback) or other values. Without losing generality, we assume a 2-bit PCI in this contribution.
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Figure 5: Structure of E-PCICH, E-RGCH and E-HICH
The E-PCICH has the same structure as the existing E-RGCH and E-HICH as illustrated in Figure 5. The E-PCICH, E-RGCH and E-HICH share the 40 orthogonal signature sequences as defined in Table 16A TS25.211, with each channel configured by higher layers with an identical signature index using the signature hopping pattern as defined in Table 16B TS25.211. 
The two bits of PCI information are mapped into two E-PCICH channels, namely E-PCICH_0 and E-PCICH_1, respectively as shown in Table 1. The PCI bit is mapped to the E-PCICH value as described in Table 2. The E-PCICH is only transmitted in the serving E-DCH cell, since that the different NodeBs would have their own preferred precoding weights and it is not reasonable for the UE to combine the precoding weights received from more than one NodeB into a single one. Each UE capable of UL CLTD is configured by higher layers with 4 signature indexes, one for E-RGCH, one for E-HICH and two for E-PCICH. This is illustrated in Figure 6.
Table 1: Mapping of PCI bits with E-PCICH channels
	PCI bit 1
	PCI bit 0

	E-PCICH_1
	E-PCICH_0


Table 2: Mapping of E-PCICH value 
	PCI bit i
	E-PCICH value

	0
	+1

	- (RLSs not containing the serving E-DCH cell)
	0

	1
	-1
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Figure 6: Feedback transmission with E-PCICH
3.3 Comparison

Table 3: Schemes comparison
	
	F-DPCH for PCI feedback
	E-PCICH for PCI feedback

	Physical channel
	Re-use the existing physical channel. More channelization code would be required to support a certain number of UEs.
	New physical channel to share the resource (channelization code, signature sequence) of E-RGCH and E-HICH. More channelization code would be required to support a certain number of UEs.

	Channel format
	New channel slot format if PCI and TPC transmitted in one slot
	No new channel slot format required

	Configuration
	New slot format or additional channelization code depending on how to re-use the F-DPCH.
	Two or more signature sequence indexes for E-PCICH

	Performance impact
	TPC rate reduced if TDM of PCI and TPC in two different slots
	No big impact

	Resource usage
	Resource fragmentation if CDM of PCI and TPC
	More channelization codes for E-RGCH and E-HICH would be required

	Specification impact
	Small to medium
	Small


4 Conclusion 
In this contribution, the basic concept of UL CLTD is discussed. Two options of the feedback design are discussed, one is based on the F-DPCH channel, and the other is based on a new physical channel E-PCICH. Both options are suitable for transmitting the UL CLTD feedback information. Further analysis is required to make the final decision.
Proposal: Investigate the possible feedback mechanisms for transmitting the precoding information.
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