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1 Introduction
Closed-loop transmit diversity has been approved as a work item at the RAN#50 plenary [1].  At the last RAN1 meeting in Taipei, a number of contributions were presented on the design of the S-DPCCH (see e.g. [2]-[5]).  After discussions, the working assumption from RAN1 #63bis on the pre-coded DPCCH structure was confirmed and it was also agreed that the S-DPCCH is transmitted on a different channelization code than the DPCCH [6].
In the context of the agreements made at RAN1 #64, the following remaining S-DPCCH design details need to be addressed by RAN1:

· Spreading factor

· Slot format

· Channelization code and I/Q mapping

· Power offset and DTX patterns

· Pilot sequence

In this contribution, we address a number of these remaining S-DPCCH design considerations in view of these agreements.
2 Discussion
2.1 Spreading factor and slot format
As noted in previous contributions (see e.g. [7]), it appears logical that the S-DPCCH have the same spreading factor as the DPCCH, and there does not seem to be any reasons at this point that it should be different.

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

The S-DPCCH will be mapped to a different channelization code than the DPCCH, which means that the content of the S-DPCCH does not need to be tied to the DPCCH content.  We also note that since the S-DPCCH is transmitted on a different precoding weight than the DPCCH, its quality is not guaranteed by power control.  

Thus it appears more appropriate that the S-DPCCH carries at minimum only pilot information.  As suggested in [7], we propose that the S-DPCCH carries 10 pilot symbols.
Proposal 2: The slot format for the S-DPCCH contains 10 pilot symbols.

2.2 Channelization code I/Q mapping for the S-DPCCH

To help determine the optimal S-DPCCH channelization code and I/Q mapping for the S-DPCCH, a number of cubic metric analyses were conducted and described in [3], [4].  Our analysis in [4] is copied in the appendix for convenience.  

Based on the analyses performed so far, there seem to be little sensitivity to the choice of channelization code.  Table 1 shows the minimum and maximum cubic metric measured across all channelization codes for the I and Q phase using the simulation setup described in Table 4 with no DPDCH configured.  For the values simulated, we observe less than 0.2dB range between the minimum and maximum cubic metric across all channelization codes.
Table 1: Cubic metric channelization code sensitivity
	
	15*βed/ βc
	Range of CM values (in dB)

15*βhs/ βc=24
	Range of CM values (in dB)

15*βhs/ βc=38

	
	
	Min
	Max
	(
	Min
	Max
	(

	I-Phase
	17
	2.21
	2.39
	0.18
	1.59
	1.69
	0.10

	
	27
	2.37
	2.51
	0.14
	1.72
	1.80
	0.08

	
	47
	2.12
	2.19
	0.07
	1.66
	1.72
	0.05

	
	84
	1.31
	1.33
	0.02
	1.15
	1.17
	0.02

	Q-Phase
	17
	2.28
	2.37
	0.09
	2.05
	2.20
	0.16

	
	27
	2.13
	2.19
	0.06
	1.89
	2.01
	0.12

	
	47
	1.69
	1.72
	0.03
	1.51
	1.58
	0.07

	
	84
	0.99
	1.00
	0.01
	0.92
	0.94
	0.02


The cubic metric seems more sensitive to the choice of phase than actual channelization code.  Table 2 shows the minimum CM and the associated channelization code value obtained for each phase and E-DPDCH/HS-DPCCH gain factor combination.  As it can be observed, differences of up to almost 0.5 dB can be measured (see highlighted entries).  This difference in one case of βhs/ βc favors the Q-Phase whereas in the other case it favors the I-Phase.
Table 2: Minimum CM values for I-Phase and Q-Phase

	15*βed/ βc
	Minimum CM values (in dB)

15*βhs/ βc=24
	Minimum CM values (in dB)

15*βhs/ βc=38

	
	I-Phase
	Cch
	Q-Phase
	Cch
	(
	I-Phase
	Cch
	Q-Phase
	Cch
	(

	17
	2.21
	34
	2.28
	2
	-0.07
	1.59
	34
	2.05
	2
	-0.46

	27
	2.37
	34
	2.13
	2
	0.24
	1.72
	34
	1.89
	2
	-0.17

	47
	2.12
	35
	1.69
	2
	0.42
	1.66
	35
	1.51
	2
	0.15

	84
	1.31
	39
	0.99
	4
	0.32
	1.15
	34
	0.92
	7
	0.23

	Average
	2.00
	--
	1.77
	--
	0.23
	1.53
	--
	1.59
	--
	-0.06


Last row in Table 2 shows the average minimum cubic metric and the difference between the I and Q phases.   The largest difference of 0.23dB is measured for the case of 15*βhs/ βc=24 in favor of the Q-Phase.

In summary this cubic metric analysis indicates small sensitivity for the choice of channelization code for the S-DPCCH and slightly more important sensitivity to the choice of phase mapping.  While for some particular cases the I-Phase could be a better choice for the S-DPCCH, it appears that on average it would be better to map the S-DPCCH to the Q-Phase.  Finally, we also observe that the cubic metric values measured are well within the range of allowed UL power back-off.
Proposal 3: The S-DPCCH channelization code is sent of the Q-Phase using channelization code 2.

2.3 Power offset and DTX patterns
In previous contributions, it has been suggested that the S-DPCCH power offset with respect to the DPCCH be configurable.  Such configuration allows networks to configure the UEs for optimal operations with each NodeB receiver design and is in-line with the way the standard is designed.

The determination of the range of values and granularity should be done once RAN1 has agreed on codebook design, update rates and so on as it may have an impact.
Proposal 4: The S-DPCCH power offset is configurable by the network; range of values is FFS.

A potential DTX pattern on the S-DPCCH (in addition to normal CPC operations) has also been briefly discussed in some contributions (see e.g. [5]).  DTX pattern may provide some power savings and (to a lesser extent) may also lower the interference level in the system.  Clearly the update rate and how the NodeB performs channel estimation for weight generation would dictate whether or not such a gating pattern is possible or desirable.  But also, such gating should only be practical if update rates lower than every slot are allowed.   


Our simulations show that there are benefits in applying averaging across slots for S-DPCCH channel estimation.  As shown in Table 3, the 1-slot estimate versus 3-slots estimate for the S-DPCCH in PA3 has a loss of about 0.2 dB.

Table 3: Impact of different S-DPCCH channel estimation averaging length in PA3 0dB antenna imbalance (see [9] for simulation assumptions)
	PCI error rate
	1-slot S-DPCCH channel estimate
	3-slots S-DPCCH channel estimate

	
	4 Ph
	8 Ph
	4 Ph
	8 Ph

	0%
	2.13
	2.31
	2.40
	2.52

	2%
	1.87
	1.80
	2.07
	2.19

	4%
	1.44
	1.48
	1.84
	1.87


Further, as indicated by multiple contributions (e.g. [8]), 3 slot update rate seems to be the slowest rate that provides gains for the uplink; therefore any gating would be limited in that sense.
We finally note that different receiver architectures may result in different outcomes and if RAN1 agrees to introduce a gating pattern, the pattern should be configurable by the network.
2.4 Pilot sequence
Since it has been agreed that the S-DPCCH will use a different channelization code than the DPCCH, there is no obvious need for an orthogonal pilot sequence for the S-DPCCH.  Thus the potential options for the pilot sequence include:
· Sequence orthogonal to DPCCH pilot sequence;

· Re-use of the existing DPCCH pilot sequences (with support for frame synchronization word (FSW) detection);

· No support for FSW (e.g. all 1s or all 0s).

For the first two options, two additions symbols would be needed to fill the S-DPCCH 10 pilot symbol field (see e.g. [2]).

While the gains from using one pilot sequence versus the other would need to be measured, it appears that choosing or extending the DPCCH sequence would be an appropriate choice.  This approach leaves it optional to NodeB to also use the S-DPCCH to improve frame synchronization confirmation performance while not making it mandatory.
In a short experiment, we measure probability of frame synchronization confirmation success when also using, in addition to the DPCCH, the FSWs sent on the S-DPCCH.  Figure 1 and Figure 2 below compare the probability of frame synchronization confirmation success when the NodeB uses only the DPCCH for frame synchronization (DPCCH only) and when the NodeB also uses the same FSWs sent on the S-DPCCH (DPCCH + S-DPCCH) for the ideal precoding case and no precoding case, respectively.
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Figure 1: Probability of frame synchronization confirmation success with ideal precoding in 3km/h 2x2 flat fading channel
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Figure 2: Probability of frame synchronization confirmation success without precoding in 3km/h 2x2 flat fading channel
The results indicate a small gain in using the FSW on the S-DPCCH for frame synchronization.  This gain is slightly larger for the case where there is no precoding; this may be explained by the fact that without pre-coding (DPCCH and S-DPCCH are transmitted over different antennas) the S-DPCCH will sometimes experience better channel conditions than the DPCCH.  
In practice a quantized precoder would be used and as such we expect that the actual probability of synchronization confirmation success should fall between those shown in Figure 1 and Figure 2.  Therefore Figure 1 and Figure 2 may be interpreted as a lower and upper bound on gains, respectively.
Since there is no real cost associated to sending the FSW on the S-DPCCH and since there is the possibility of using this information to improve somewhat frame synchronization detection at the NodeB if desired and because these sequences are already defined and well understood, it is proposed to also use these sequences in the S-DPCCH.

Proposal 5: The S-DPCCH uses a 10 symbol pilot sequence with FSW support.

3 Conclusion
In this contribution we have attempted to address a number of outstanding issues with respect to the S-DPCCH design and propose the following:
Proposal 1: Spreading factor of S-DPCCH is 256.

Proposal 2: The slot format for the S-DPCCH contains 10 pilot symbols.

Proposal 3: The S-DPCCH channelization code is sent of the Q-Phase using channelization code 2.

Proposal 4: The S-DPCCH power offset is configurable by the network; range of values is FFS.

Proposal 5: The S-DPCCH uses a 10 symbol pilot sequence with FSW support.
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5 Appendix – CM analysis

Table 4 shows the configuration parameters used for the cubic metric analysis.  The cases of no DPDCH and one DPDCH have been studied and the results are shown in Sections 5.1 and 5.2 respectively.

Table 4: 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


5.1 No DPDCH (Nmax-dpdch=0)

Figure 3 to Figure 6 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 5 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 5: 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 on either I or Q phase.
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Figure 3: Q-Phase, No DPDCH, βhs=24
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Figure 4: I-Phase, No DPDCH, βhs=24
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Figure 5: Q-Phase, No DPDCH, βhs=38
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Figure 6: I-Phase, No DPDCH, βhs=38

5.2 With one DPDCH configured (Nmax-dpdch=1)

Figure 7 to Figure 10 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 6 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 6: 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 7: Q-Phase, 1 DPDCH, βhs=24
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Figure 8: I-Phase, 1 DPDCH, βhs=24
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Figure 9: Q-Phase, 1 DPDCH, βhs=38
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Figure 10: I-Phase, 1 DPDCH, βhs=38

