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1 Introduction

The Rel-11 WI “Uplink closed loop 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 uplink closed loop transmit diversity (CLTD) scheme requires explicit feedback message with the channel state information (CSI) provided by the Node B receiver. 
In the previous RAN#63bis meeting, some agreements have been reached:
	· Second uplink pilot channel: secondary DPCCH (S-DPCCH)
· R99 DPCCH name, format, etc is not changed!
· At least the following channels are precoded

· DPDCH (if present), HS-DPCCH, E-DPDCH, E-DPCCH

· Working assumption for DPCCH structure:
· DPCCH has same precoding vector as data channels, and S-DPCCH has a different precoding vector

· Check performance comparison w.r.t. other schemes, behaviour with CPC, and evaluate impact of phase discontinuities; revisit or confirm at RAN1#64.
· Working assumption that the Serving NB decides the precoding weights

· Single inner power control loop and single outer power control loop (as per Rel-99)


In this contribution, we will discuss some further issues about DPCCH channel structure with pilot design in details.
2 DPCCH channel structure with pilot design
2.1 Pilot channel structure of precoded DPCCH
The basic strategy of DPCCH design is divided into two main categories, namely the non precoded pilot scheme and the precoded scheme. Along with the deepgoing and detailgoing of the argument, there is a consensus that precoded DPCCH may become the most competitive candidate of the standardization. So in this contribution we will mainly concentrate on the pilot channel structure of precoded DPCCH.
As interpreted in [2], there are two types of precoded strategies in details, the pseudo-precoded pilot channel structure as illustrated in Figure 1 and the precoded pilot channel structure as in Figure 2.
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Figure 1: Pseudo-precoded pilot channel structure for UL CLTD.
Figure 1 illustrates the principle of the pseudo-precoded scheme [3]. In this precoded scheme, DPCCH and S-DPCCH are transmitted on individual physical antenna respectively, meanwhile each is multiplied by one element of the beamforming weight vector which results in a fact that the total number of beamforming weight vector is only one. The disadvantage of the pseudo-precoded pilot channel structure is that, both DPCCH and S-DPCCH need to be transmitted to fulfil the complete channel estimation for NodeB since each DPCCH only corresponds to one physical transmit antenna.
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Figure 2: Precoded pilot channel structure for UL CLTD.

Figure 2 illustrates the precoded pilot channel structure. In this program, each DPCCH is precoded by a beamforming weight vector instead of one element of weight vector. Consequently, there are two beamforming weight vectors altogether that is one more weight compared with pseudo-precoded scheme to finish the precoding operation for two DPCCHs. The two weight vectors are recommended to be orthogonal from which PCI feedback bit will be saved. For example, 
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After precoding, each DPCCH is transmitted on both transmit antennas. According to the diagram of Figure 2, this scheme holds the strong point that only one DPCCH is needed to finish the complete channel estimation for NodeB because each DPCCH corresponds to both the transmit antennas. In [4], S-DPCCH gating operation is proposed to save the UE power resource. DPCCH is always transmitted but S-DPCCH is only transmitted occasionally for channel sounding purposes. If pseudo-precoded scheme is adopted, the specification will not support the S-DPCCH gating unfortunately since both DPCCHs should always be transmitted for the purpose of channel estimation. While the strategy illustrated in Figure 2 will be compatible with S-DPCCH gating properly.
We will give some depth numerical analysis in the next sub-section to verify which scheme has the better performance theoretically.
2.2 Preliminary analysis on two precoded schemes
To simplify the analysis, assume one receiving antenna is employed at the NodeB. And the pseudo-precoded DPCCH scheme for UL CLTD in Figure 1 can be simplified into the following structure in Figure 3.
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Figure 3: Simplified structure for pseudo-precoded DPCCH scheme.
The received pilot signal at the NodeB receiver follows on the basis of the simplified structure,

[image: image6.wmf]111222

yphwphwn

=++


Assume that the transmit power of each pilot satisfies
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where 
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is the noise power level. Also when one receiving antenna is employed at the NodeB, the precoded DPCCH scheme for UL CLTD in Figure 2 can be simplified into the following structure in Figure 4.
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Figure 4: Simplified structure for precoded DPCCH scheme.
Based on the above structure, the received pilot signal at the NodeB follows
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So the SNR of pilot1 and pilot2 at receiver is respectively given by
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From the preliminary numerical analysis, we can see that when the precoded DPCCH scheme is implemented, there is dual gain on the receiving SNR at NodeB, which means this kind of precoded structure will bring extra diversity gain in the link level. 
2.3 Extension to UL MIMO
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 [5]. Along with the discussion of uplink transmit diversity for HSPA, we should pay attention to the extension and forward compatibility to UL MIMO. Next we will concentrate on this issue with both precoded DPCCH schemes.
When the precoded DPCCH scheme is employed, according to [4] [6], this precoded structure can be naturally extended to UL dual stream MIMO in a straight forward way, and offers a forward compatibility to UL MIMO from both implementation and specification perspective. The diagram of Figure 2 can be easily extended to the UL MIMO mode in Figure 5.
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Figure 5: Extension of precoded DPCCH scheme for UL MIMO.
Figure 5 shows a rough layout of precoded structure for DPCCH, where the DPCCH and all physical data stream 1 channels are precoded with the same precoding vector while the S-DPCCH and the physical data stream 2 channels are precoded with another orthogonal precoding vector.
The pseudo-precoded scheme, nevertheless, cannot be extended to UL dual stream MIMO quite clearly in a straight forward way. At the same time, it may be more difficult to provide a forward compatibility to UL dual stream MIMO from both implementation and specification perspective. The main reason for this incompatibility is that DPCCH and S-DPCCH are only multiplied by one element of the beamforming weight vector which results in a fact that the data stream channel cannot be precoded along with the DPCCHs together.
Based on all the above discussion, we propose that,
Proposal 1: Confirm the working assumption for DPCCH structure as agreement that DPCCH has the same precoding vector as data channels, and S-DPCCH has a different precoding vector.
2.4 S-DPCCH design

Regarding to the S-DPCCH design, at least the following questions are to be answered.

· Question 1: What’s the spreading factor and what’s the channelization code for S-DPCCH?

· Question 2: What’s the slot format for S-DPCCH?
· Question 3: What’s the pilot bit patterns definition for S-DPCCH?
Next we will go through the above questions one by one and present our proposals.
Question 1: What’s the spreading factor and what’s the channelization code for S-DPCCH?
We believe it would not be necessary to use different spreading factors between S-DPCCH and DPCCH. S-DPCCH uses the same spreading factor of DPCCH, which is SF256. Regarding to the specific channelization code for S-DPCCH, [7] discussed two options, separated channelization code or same channelization code for DPCCH and S-DPCCH. Meanwhile [8] analyzed the impact to cubic metric with different channelization codes of DPCCH and S-DPCCH and mapping to I- or Q-branch depending on HS-DPCCH transmission or not. Further investigation is required to determine the specific channelization code of S-DPCCH.
Proposal 2: The spreading factor of S-DPCCH is SF256, same as DPCCH.
Question 2: What’s the slot format for S-DPCCH?
Figure 6 illustrates two alternatives of slot formats for S-DPCCH design.
· Alternative 1: All the bits transmitted in S-DPCCH are used for sole purpose of channel estimation at the NodeB [7], marked with “S-DPCCH a1” in Figure 6.
· Alternative 2: Use the same slot format as DPCCH, marked with “S-DPCCH a2” in Figure 6.

With the alternative 1, since more bits are available for channel estimation in S-DPCCH than DPCCH, the beta_c for S-DPCCH could be smaller than that for DPCCH, or a power offset could be used between DPCCH and S-DPCCH. However, at least one new pilot pattern should be defined for the new pilot design of S-DPCCH.
With the alternative 2, the same slot format is configured for both DPCCH and S-DPCCH. The performance of TPC command could be improved with redundant transmission in both DPCCH and S-DPCCH. However, the NodeB function of TPC command processing would be impacted to combine the TPC bits from different channels. 
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Figure 6: Frame structure for DPDCH/DPCCH/S-DPCCH.
We propose that,
Proposal 3: Introduce a new slot format for S-DPCCH with all the bits in a slot used for pilot.
Question 3: What’s the pilot bit patterns definition for S-DPCCH?
As we know, the pilot bit patterns for DPCCH are defined with FSW (Frame Synchronization Word) that can be used to confirm frame synchronization. The same principle could also be used to define the pilot bit patterns for S-DPCCH. One example with N pilot = 10 is shown as in Table 1, where the shadowed column part of pilot bit pattern is defined as FSW. However, the frame synchronization could have already been confirmed by DPCCH, it is not mandatory to carry FSW in S-DPCCH. If this is the case, more flexible pilot bit patterns could be designed for S-DPCCH, e.g. adopting the orthogonal pilot pattern as DPCCH.
	Table 1: Pilot bit patterns for S-DPCCH with N pilot = 10
　
	Npilot = 10

	Bit #
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Slot #0
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1

	1
	1
	0
	0
	1
	1
	0
	1
	0
	0
	1

	2
	1
	0
	1
	1
	0
	1
	1
	0
	1
	1

	3
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1

	4
	1
	1
	0
	1
	0
	1
	1
	1
	0
	1

	5
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1

	6
	1
	1
	1
	1
	0
	0
	1
	1
	1
	1

	7
	1
	1
	0
	1
	0
	0
	1
	1
	0
	1

	8
	1
	0
	1
	1
	1
	0
	1
	0
	1
	1

	9
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	10
	1
	0
	1
	1
	0
	1
	1
	0
	1
	1

	11
	1
	1
	0
	1
	1
	1
	1
	1
	0
	1

	12
	1
	1
	0
	1
	0
	0
	1
	1
	0
	1

	13
	1
	0
	0
	1
	1
	1
	1
	0
	0
	1

	14
	1
	0
	0
	1
	1
	1
	1
	0
	0
	1


Proposal 4: Investigate the benefit and impact of carrying frame synchronization word in S-DPCCH and make the decision.
3 Conclusions
In this contribution, we have reviewed the basic concept of DPCCH channel structure with pilot design for UL CLTD. We have the following proposals,
Proposal 1: Confirm the working assumption for DPCCH structure as agreement that DPCCH has the same precoding vector as data channels, and S-DPCCH has a different precoding vector.
Proposal 2: The spreading factor of S-DPCCH is SF256, same as DPCCH.
Proposal 3: Introduce a new slot format for S-DPCCH with all the bits in a slot used for pilot.
Proposal 4: Investigate the benefit and impact of carrying frame synchronization word in S-DPCCH and make the decision.
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