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1 Introduction
At the last RAN1 meeting in Barcelona, a number of agreements were made with respect to the S-DPCCH (see [1]):
Agreements:

· Spreading factor of S-DPCCH is 256
· Exact code FFS 
· Slot boundaries of S-DPCCH and DPCCH are aligned
· S-DPCCH slot format based on DPCCH slot format 1: 
· 8 pilot bits, using DPCCH pilot sequence
· Use of remaining 2 bits FFS (but not DTX for part of the slot)
· Power offset between S-DPCCH and DPCCH is configurable by the network
In this contribution, we address a number of remaining issues with respect to the S-DPCCH design.  More specifically, Section 2.1 addresses the S-DPCCH channelization code and I/Q mapping, Section 2.2 discusses the remaining 2 bits of the DPCCH slot format 1 for the S-DPCCH and finally in Section 2.3 we discuss the range of values for the S-DPCCH offset.
2 Discussion
2.1 S-DPCCH Channelisation code

At the last meeting, a number of contributions have discussed the channelisation code and I/Q mapping of the S-DPCCH (see [2],[3]).  From the cubic metric analysis in both contributions it was possible to conclude that in terms of cubic metric, it is best to map the S-DPCCH to the Q-phase, regardless of the channelisation code chosen.  
Proposal 1: 
The S-DPCCH is mapped to the Q-phase.

To determine the appropriate channelisation code, CM analyses were performed in [2],[3].  In this contribution, additional CM simulation results targeting lower power offsets are provided (see Table 2 in the appendix for a complete list of simulation parameters).  The maximum cubic metric (across the two antenna ports) for each candidate channelization code index is shown in Figure 1 and Figure 2 for the case of no DPDCH configured and the case of a single DPDCH configured, respectively.  
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Figure 1: CM across antennas for the case of no DPDCH
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Figure 2: CM across antennas for the case of no DPDCH

As it can be observed from those figures, the most sensitive cases for CM are those where there is no HS-DPCCH configured (βhs=0).  In those cases, the channelization codes between 34 and 39 offer the best cubic metric performance.  

Details on the minimum CM values and the associated channelization codes are  shown in Table 1.  For the case of interest, we observe that channelization code 35 offers the best CM performance for most of the configurations (see highlighted entries).
Table 1: Minimum cubic metric and associated channelization code for βed=17

	15*βhs
	15*βec
	No DPDCH
	DPDCH

	
	
	Min CM
	Cch
	Min CM
	Cch

	0
	9
	1.5052
	35
	2.1122
	38

	
	15
	1.5897
	35
	2.2915
	35

	15
	9
	2.4444
	52
	2.0853
	46

	
	15
	2.2377
	52
	2.1823
	17


These results are in-line with the previous contribution in [2] and we therefore propose:

Proposal 2: 
The S-DPCCH is mapped to a channelization code index between 34 and 39 (inclusive).

2.2 Remaining 2 bits from the DPCCH slot format 1

At the last meeting, there were a number of contributions and discussions related to the potential content of the 2 non-pilot bits in the agreed S-DPCCH slot format.  Among the candidate solutions, it was proposed to have the 2 bits field contain:

· Additional pilot bits;

· TPC command repeated from DPCCH;

· Uplink PCI weights information;

· Loss of F-PCICH synchronization.

In a companion contribution in [4], we propose to use the remaining 2 (non-pilot) bits from the S-DPCCH to indicate the PCI weights being used on the uplink.  This approach allows non-serving NodeBs to be aware of the UE weights and may improve performance, but more importantly this is a means by which the serving NodeB may determine whether or not the UE is receiving the weights reliably.  We copy our proposal from [4] for reference:

Proposal 3: 
UE transmits its PCI weights on the S-DPCCH in place of the TPC field in the DPCCH slot format 1.

2.3 S-DPCCH power offset range
At the last meeting, it was agreed to have the S-DPCCH/DPCCH power offset configured by the network.  In view of providing an appropriate range of values for this power offset, a set of link-level simulations with a RAKE receiver were carried out over a wide range of S-DPCCH power offset and antenna imbalance. 
Figure 3 to Figure 6 show the Tx and Rx Ec/No gains for PA3 and VA30 for S-DPCCH offsets between the values -6dB to +2dB.  As it can be observed from these figures, the optimal S-DPCCH power offset for these simulations seem to be -1dB.  Further, S-DPCCH power offset from a range of approximately -3dB to +1dB does not impact the Tx Ec/No or Rx Ec/No gains by more than approximately 0.4dB from the optimal.
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Figure 3: Tx Ec/No gain in PA3 with varying S-DPCCH power offset
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Figure 4: Tx Ec/No gain in VA30 with varying S-DPCCH power offset
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Figure 5: Rx Ec/No gain in PA3 with varying S-DPCCH power offset
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Figure 6: Rx Ec/No gain in VA30 with varying S-DPCCH power offset
We finally note that the actual amount of power saved by have a lower S-DPCCH power offset depends on the actual operating point; only at low data rate should it make a practical difference.  The S-DPCCH power offset may be configured rather to optimize UL CLTD for the NodeB receiver architecture; the results presented here are representative of only one possible receiver architecture.  Other receiver architectures (e.g. LMMSE, SIC) and other channel estimation approaches may have slightly different curves.

In view of these results, we propose:

Proposal 4: 
The range of S-DPCCH power offset spans at least from -4dB to 1dB in steps of 1dB increments.

3 Conclusion

In this contribution, we addressed a number of remaining issues related to the S-DPCCH design and propose the following:
Proposal 1: 
The S-DPCCH is mapped to the Q-phase.

Proposal 2: 
The S-DPCCH is mapped to a channelization code index between 34 and 39 (inclusive).

Proposal 3: 
UE transmits its PCI weights on the S-DPCCH in place of the TPC field in the DPCCH slot format 1.

Proposal 4: 
The range of S-DPCCH power offset spans at least from -4dB to 1dB in steps of 1dB increments.
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5 Appendix

5.1 CM simulations parameters

Table 2 shows the configuration parameters used for the cubic metric analysis.

Table 2: 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)
	βec={9,15}

	
	E-DPDCH
	(I,4,1)
	βed=17

	
	HS-DPCCH
	(Q,256,33)
	βhs={0,15}

	
	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)
	βec={9,15}

	
	E-DPDCH
	(I,4,1)
	βed=17

	
	HS-DPCCH
	(Q,256,64)
	βhs={0,15}

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

(I,256,0-63)
	15


5.2 Link-level simulation assumptions
Table 3.  Link simulation parameters

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH, S-DPCCH, HS-DPCCH

	E-DCH TTI [ms]
	2

	TBS [bits]
	2020

	Modulation
	TBS2020: QPSK

	Number of physical data channels and spreading factor
	TBS2020: 2xSF2

	20*log10(βed/βc) [dB]
	TBS2020: 9

	20*log10(βec/βc) [dB]
	TBS2020: 2

	20*log10(βhs/βc) [dB]
	2

	Power ratio between Secondary DPCCH and DPCCH (S-DPCCH/DPCCH) [dB]
	{2,1,0,-1,-2,-3,-4,-5,-6}

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4

	H-ARQ operating point
	TBS2020: 1 % Residual BLER after 4 H-ARQ attempts

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	S-DPCCH Slot Format
	1 (8 Pilot)

	Channel Estimation
	Realistic

	Compensation of phase discontinuity
	Channel Synthesis

	Channel Estimation Averaging 
(data demodulation)
	3 slots

	Channel Estimation Averaging 
(CLTD weight generation)
	3 slots

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Inner Loop PC Step Size
	±1 dB

	UL TPC Delay (sent on F-DPCH)
	2 slots

	UL TPC Error Rate (sent on F-DPCH)
	4%

	Propagation Channel
	PA3, VA30

	NodeB Receiver Type
	TBS2020: RAKE 

	Antenna imbalance [dB]
	{0, -2, -4, -6, -8,-10} applied to secondary antenna

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF

	PCI update rate
	3 slots

	PCI feedback delay
	3 slots

	PCI error rate (per bit)
	4%






















































































