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1 Introduction
At RAN#50 meeting, a new work item proposal on uplink transmit diversity for HSPA was approved [1]. At RAN1#63b meeting, the following agreements were reached [2].  

· 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 and 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 discuss some considerations on S-DPCCH physical channel design, with the concentration on the UL CLTD transmit structure as suggested by the above working assumptions.
2 Discussion
To finalize the design of the S-DPCCH, a number of aspects need to be considered, including:

· Spreading factor

· Channelization code

· I/Q phase mapping

· Slot format

· Pilot sequence

· Non-pilot fields

· Power offset

· DTX patterns

Some of these aspects are interrelated and are going to be considered jointly in the following.  

One of the most basic aspects of the physical channel design for WCDMA is the choice of spreading factor.  As noted in previous contributions (see e.g. [3]), it appears logical that the S-DPCCH have the same spreading factor as the DPCCH, and there are no reasons at this point that it should be different.

Proposal 1: Spreading factor of S-DPCCH is 256.
Channelization code and I/Q mapping
In RAN1 #63b meeting, several design options on the S-DPCCH slot format and channelization code mapping were proposed (see e.g. [3], [4]).  There are two design options for the S-DPCCH channelization code:

· Same channelization code as DPCCH,

· Different (orthogonal) channelization code than the DPCCH.

Same channelization code
If the same channelization code as the DPCCH is used for the S-DPCCH, a new set orthogonal pilot sequences need to be design for the S-DPCCH.  A potential orthogonal pilot design has already been proposed in [6] for the case of 8 pilot symbols using an approach that could also be extended for even number of pilot symbols.  We note however that for odd number of pilots, no orthogonal pilot sequence may be designed and additional considerations would be needed.
We further note that if the same channelization code is used, the non-pilot fields for the S-DPCCH would need to be DTXed or repeated to ensure no interference is created on the DPCCH.  Thus using the same channelization imposes that the S-DPCCH pilot field length is the same as the DPCCH pilot field length.
If the same channelization code is to be used, then there is a need to determine the I/Q branch where the S-DPCCH will be mapped to.

Different channelization code

If a different channelization code is used, then the existing DPCCH pilot sequences may be re-used for the S-DPCCH.  It also provides the freedom to us a different slot format as no channelization code collision occurs with the DPCCH.  
We finally note here that if a different channelization code is used, a valid combination of channelization code and I/Q branch needs to be chosen.  This choice depends on the code space available a well as potentially on a cubic metric analysis.
The channel estimation performance should not be significantly impacted by the choice, and likewise there is no real impact to legacy NodeB receiver that needs to be considered here.  Thus in view of the above discussion our view is that the S-DPCCH should be mapped to a different channelization code:
Proposal 2: S-DPCCH is mapped to a different channelization code than the DPCCH.  
The appendix contains a cubic metric analysis for the channelization code mapping.  The preliminary results seem to show low sensitivity of the cubic metric to channelization code mapping for the case of no DPDCH configured and almost no sensitivity when one DPDCH is configured (see Figure 1 to Figure 8).  At this point in the WI it may be premature to agree on the actual mapping and we propose the following:

Proposal 3: Actual channelization code and I/Q mapping is FFS.
S-DPCCH Slot format and non-pilot fields
The existing slot format for the DPCCH may be re-used for the S-DPCCH.  By the nature of the pre-coded DPCCH pilot structure, the S-DPCCH would in general be carried over less favorable propagation conditions than the DPCCH.  In that sense, it may actually be advantageous to limit the content of the S-DPCCH to pilot information only.  

While the existing format provide pilot fields of length up to 8 bits, we note that using a different channelization code for the S-DPCCH opens the door to longer pilot sequences in the S-DPCCH.  One potential usage could be to carry 10 pilot bits on the S-DPCCH for improved channel estimation.  Clearly, more energy can be accumulated for channel estimation when using 10 bits versus using only 6 or 8 bits (approximately 1dB and 2dB gain, respectively).  To allow such a sequence, a slot format for 10 pilot bits need to be defined (no such format is defined for the DPCCH); additional simulations may be required to verify the need for this new format.
Proposal 4: Re-use the DPCCH slot format for the S-DPCCH.

Proposal 5: Introduction of a slot format of 10 pilot bits for the S-DPCCH is FFS.
Power offset and transmission pattern
The current working assumption stipulates that a single inner power control loop and a single outer power control loop are to be used.  Since a single power control loop is used, then the only power reference remains the DPCCH and the power of the S-DPCCH should be set relative to it (as every other channel):
Proposal 6: The power of the S-DPCCH is set relative to the power of the DPCCH.

While the S-DPCCH power offset may be used to (somewhat) control the amount of transmit power used by the UE, it has also been proposed to gate the S-DPCCH to further optimize the radio link.  As discussed in [7], the NodeB receiver performance is impacted by the choice of power offset and gating pattern for the S-DPCCH.  The impact also depends on the phase compensation method for channel estimation applied at the NodeB receiver.
Since it is expected that different NodeB implementation will respond differently to various gating and power offset configuration, it would be preferable to provide a flexible mechanism for S-DPCCH gating pattern.  
3 Conclusions
Some design considerations on S-DPCCH physical channel for HSPA UL CLTD were discussed. The following proposals are made:  

Proposal 1: Spreading factor of S-DPCCH is 256.

Proposal 2: S-DPCCH is mapped to a different channelization code than the DPCCH.  
Proposal 3: Actual channelization code and I/Q mapping is FFS.
Proposal 4: Re-use the DPCCH slot format for the S-DPCCH.

Proposal 5: Introduction of a slot format of 10 pilot bits for the S-DPCCH is FFS.

Proposal 6: The power of the S-DPCCH is set relative to the power of the DPCCH.
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5 Appendix – CM analysis

Table 1 shows the configuration parameters used for the cubic metric analysis.  The cases of no DPDCH and one1 DPDCH have been studied and the results are shown in Sections 5.1 and 5.2 respectively.

Table 1: Channel configuration of reference channels for CM analysis
	
	Channel
	Channelization code
	Gain factor

	Nmax-dpdch=0
	DPCCH
	(Q,256,0)
	15

	
	E-DPCCH
	(I,256,1)
	24

	
	E-DPDCH
	(I,4,1)
	βed={17,27,47,84}

	
	HS-DPCCH
	(Q,256,33)
	βhs={24,38}

	
	S-DPCCH
	(Q,256,0-63)

(I,256,0-63)
	15

	Nmax-dpdch=1
	DPCCH
	(Q,256,0)
	15

	
	DPDCH
	(I,64,16)
	21

	
	E-DPCCH
	(I,256,1)
	24

	
	E-DPDCH
	(I,4,1)
	βed={17,27,47,84}

	
	HS-DPCCH
	(Q,256,64)
	βhs={24,38}

	
	S-DPCCH
	(Q,256,0-63)

(I,256,0-63)
	15


No DPDCH (Nmax-dpdch=0)
Figure 1 to Figure 4 show the cubic metric for the case of no DPDCH configured.  Each Figure shows the cubic metric measured at the PA for each antenna element, for a range of channelization code values and I/Q mapping.

Table 2 summarizes the results for the case of βed=17, βhs=24, which appears more sensitive to CM than the other cases.  In the table, the 5 channelization codes providing the lowest cubic metric for each I and Q phases have been extracted from the results.  Here the metric used is CMmax which is calculated by taking the maximum cubic metric across both PAs for each configuration.
In this configuration, we note that it is best to map the S-DPCCH on the I-Phase on code 33.  However, we note that this channelization code is also used for the HS-DPCCH when Nmax-dpdch=0.  Thus when considering this, it may be more appropriate to avoid unnecessary interference to map the S-DPCCH to the channelization code 34.  We also note that the CM is not very sensitive to choice of channelization code.
Table 2: CM βed=17, βhs=24, No DPDCH, Max CM across both antennas

	Rank
	I – Phase
	Q – Phase

	
	CMmax (dB)
	Code index
	CMmax (dB)
	Code index

	1
	2.2003
	33*
	2.2757 
	1*

	2
	2.2064
	34
	2.2808
	2

	3
	2.2102
	35
	2.2819
	0*

	4
	2.2148
	39
	2.2824
	7

	5
	2.2171
	38
	2.2852
	3


* Note: these codes are used by other control channels.
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Figure 1: Q-Phase, No DPDCH, βhs=24
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Figure 2: I-Phase, No DPDCH, βhs=24
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Figure 3: Q-Phase, No DPDCH, βhs=38
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Figure 4: I-Phase, No DPDCH, βhs=38
With one DPDCH configured (Nmax-dpdch=1)
Figure 5 to Figure 8 show the cubic metric for the case of 1 DPDCH configured.  Each Figure shows the cubic metric measured at the PA for each antenna element, for a range of channelization code values and I/Q mapping.

Table 3 summarizes the results for the case of βed=17, βhs=38, which this time appears more sensitive to CM than the other cases.  In the table, the 5 channelization codes providing the lowest cubic metric for each I and Q phases have been extracted from the results.  Here the metric used is CMmax which is calculated by taking the maximum cubic metric across both PAs for each configuration.

In this configuration, we note that it is best to map the S-DPCCH on the Q-Phase on code 6.  
Table 3: CM βed=17, βhs=38, 1 DPDCH, Max CM across both antennas

	Rank
	I - Phase
	Q - Phase

	
	CMmax (dB)
	Code index
	CMmax (dB)
	Code index

	1
	1.8532
	44
	1.8185 
	6

	2
	1.8600
	34
	1.8199
	5

	3
	1.8623
	45
	1.8201
	0*

	4
	1.8628
	36
	1.8234
	3

	5
	1.8644
	39
	1.8240
	1*


* Note: these codes are used by other control channels.
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Figure 5: Q-Phase, 1 DPDCH, βhs=24
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Figure 6: I-Phase, 1 DPDCH, βhs=24
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Figure 7: Q-Phase, 1 DPDCH, βhs=38
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Figure 8: I-Phase, 1 DPDCH, βhs=38

