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1
Introduction
The Dual-Cell HSDPA (DC-HSDPA) study item (SI) was opened recently [1]. The key system performance benefits of this feature are well captured in [2],[3]. As the name of the SI suggests, the scope of the Study Item (SI) restricts the study to dual cell operation to two cells belonging to the same NodeB. Furthermore, the underlying assumption in this study item is that the user’s uplink transmission is restricted to a single cell. In that case, a key physical layer design aspect with regard to this feature is the design of the uplink control channel (HS-DPCCH) to carry the ACK/NACK and CQI information of  the multiple cells from the UE to the NodeB. In this contribution, we investigate a very attractive HS-DPCCH design option that is backward compatible in the sense that it requires no changes to the channel coding of the existing HS-DPCCH, and has insignificant impact to cubic metric.
2
HS-DPCCH Design Objective

The HS-DPCCH design objective can be summarized as follows:

· Carry the same amount of feedback information per cell

· Same number of information bits for ACK/NACK and CQI for each cell.
· Reuse existing channel coding design for HS-DPCCH for each cell

· It would be preferable not to introduce a joint coding scheme to code information across carriers
· Achieve the same decoding performance of each cell when compared to the single cell operation

· After normalization of signal energy to noise ratio per cell, it would be desirable to achieve the same performance on each cell when compared to the single cell operation.

· Backward compatible:

· Revert to existing single cell HS-DPCCH design when only a single cell is scheduled on the DL.

· Ensure that there is no significant impact to link budget.
· Ensure that there is no significant impact to uplink noise rise or interference margin.

· Ensure that in the presence of EVM, there is no significant impact to the decoding performance of the traffic channels (E-DPDCH, E-DPCCH, and DPDCH).

· Ensure that there is no significant impact to cubic metric (CM) and peak to average power (PAPR) ratios.

· Forward compatible

· It would be desirable to ensure forward compatibility
· For example, allow the possibility of MIMO and DC-HSDPA to happen simultaneously.

3
HS-DPCCH Design Assumptions

DL Control Channel Structure (HS-SCCH):
We assume in the following that there is no change made to the Release 7 HS-SCCH design. By this we mean the following:
· If a UE were to be scheduled on 2 cells in the DL, a separate HS-SCCH would be sent from each of the cells. 
· No joint coding is assumed between the control channel information for each of the cell.
· This is unlike MIMO wherein the control information for each stream was jointly encoded into a single HS-SCCH.
· We do not see a need to do something similar, since in the case of MIMO, the challenge was to conserve the channelization code utilization (2xSF128 v/s 1xSF128) as well.
· In the case of DC-HSDPA, since when the UE is scheduled on 2 cells, different HS-PDSCH transport blocks are sent on the two cells (after all that is what DC-HSDPA is all about), it is but natural to assume that the HS-SCCH information for each cell would be sent along the HS-DPCCH, the way it is sent as in current design.
· Furthermore, in the future, if ever there is a benefit of allowing DC-HSDPA and MIMO, it is best that the HS-SCCH structure stays untouched to allow for forward compatibility with evolved HSDPA systems.

Number of dedicated channels:

· We assume at most 1 dedicated channel is supported on the UL when a UE operates in DC-HSDPA mode.
· This is a reasonable assumption, since with E-DCH capability introduced in Release 6, we would expect all the UEs that are DC-HSPDA capable to be E-DCH capable. 
· Also, it is a fair assumption that HSPA evolved networks will deploy E-DCH channels in addition to dedicated channels, and so the need for dedicated channels will mainly be for the purpose of low-rate services such as CS voice or signaling radio bearers.
4
Why not reuse MIMO HS-DPCCH design?

Before we begin an HS-DPCCH design effort for DC-HSDPA, a natural question would be Why not reuse MIMO HS-DPCCH design?  Given that there is sufficient similarity between the 2 modes of operation (streams v/s cells), the temptation would be to reuse the MIMO channel design. However, there is a key difference:
· In MIMO, the key design was to use a single channelization code to carry jointly encoded HS-SCCH information for both the streams:
· In that case, the UE sends a single HS-DPCCH, based on decoding a single HS-SCCH.
· In response to a single scheduled transport block, the UE sends either an ACK or a NACK

· In response to two scheduled transport blocks, the UE sends one of the following 4 combinations:

· ACK, ACK

· ACK, NACK

· NACK, ACK

· NACK, NACK

· The PRE/POST indication is indicated by two separate code words, one corresponding to PRE and one to POST.

· The 2PCI bits and 8 CQI bits in existing MIMO design could be reused to represent 2*5 =10 bits (5 CQI bits per cell).
· In the DC-HSDPA case, since the UE can receive HS-SCCH information independently from each cell, the issue then is of reliable decoding of HS-SCCH at the UE:

· For example, assume that a UE was scheduled on two cells f1 and f2.

· Say it decodes HS-SCCH on f1, but fails to decode HS-SCCH on f2.

· In that case, the UE sends either an ACK or a NACK for f1.
· However, the NodeB receiver is expecting one of the 4 combinations (ACK/ACK, ACK/NACK, NACK/ACK, NACK/NACK) and hence depending on the decoder implementation, it may detect a wrong combination completely.
· Even if a NodeB receiver is prepared to receive ACK/NACK in addition to the above 4 combinations, if it receives an ACK, then it does not know which cell was acknowledged and hence the transmission is wasted.

As shown above, the current joint code design for MIMO suffers from some problems, since we now have to rely on the UE to jointly decode HS-SCCH from each cell with the same reliability that a UE is capable of today, for a single cell. Also, a joint HS-SCCH would remove much of the flexibility that scheduler would otherwise have to assign different transport formats on the DL cells depending on CQI feedback on each cell and that this can potentially reduce DL gains.

In the next section we present a simple and attractive solution to the HS-DPCCH design problem for DC-HSDPA.

5
HS-DPCCH Design using 2nd HS-DPCCH on the I branch
The design approach taken here is to try and send the 2nd HS-DPCCH on the opposite branch of the existing HS-DPCCH and preferably use the same OVSF code as the existing HS-DPCCH. The 2nd HS-DPCCH is coded in an identical manner as in legacy Release 7.

We first investigate the possible channelization code indices that can be used for this 2nd HS-DPCCH under the worst case scenarios (different N_max_dpdch) as shown in Table 1.

Table 1: Worst Case Code consumption for different N_max_dpdch
	N_max_dpdch
	UL Channels
	Code Usage
	I
	Q

	0
	4 E-DPDCH (2SF2+2SF4) +

1 E-DPCCH +

1 DPCCH +

1 HS-DPCCH
	Used
	E-DPDCH1 Cch,2,1

E-DPDCH3 Cch,4,1

E-DPCCH  Cch,256,1
	DPCCH  Cch,256,0

E-DPDCH2 Cch,2,1

E-DPDCH4 Cch,4,1

HS-DPCCH Cch,256,33

	
	
	Avail. for HS2, Cch,256,n
	0≤n ≤63, n ≠ 1
	1≤n ≤63, n ≠ 33

	1
	1 DPDCH +

2 E-DPDCH (2xSF2) +

1 E-DPCCH +

1 DPCCH + 
1 HS-DPCCH
	Used
	DPDCH Cch,4,1

E-DPDCH2 Cch,2,1

E-DPCCH  Cch,256,1
	DPCCH  Cch,256,0

E-DPDCH2 Cch,2,1

HS-DPCCH Cch,256,64

	
	
	Avail. for HS2, Cch,256,n
	0≤n ≤63, n ≠ 1
	1<=n<=127, n ≠ 64

	2,4,6
	6 DPDCH +

1 DPCCH +

1 HS-DPCCH
	Used
	DPDCH1 Cch,4,1

DPDCH3 Cch,4,3

DPDCH5 Cch,4,2

HS-DPCCH Cch,256,1
	DPCCH  Cch,256,0

DPDCH2 Cch,4,1

DPDCH3 Cch,4,3

DPDCH6 Cch,4,2

	
	
	Avail. for HS2, Cch,256,n
	0≤n ≤63, n ≠ 1
	1≤n ≤63

	3,5
	5 DPDCH +

1 DPCCH +

1 HS-DPCCH
	Used
	DPDCH1 Cch,4,1

DPDCH3 Cch,4,3

DPDCH5 Cch,4,2
	DPCCH  Cch,256,0

DPDCH2 Cch,4,1

DPDCH3 Cch,4,3

HS-DPCCH Cch,256,32

	
	
	Avail. for HS2, Cch,256,n
	0≤n ≤63
	1≤n ≤63, n ≠ 32)

Or 128 ≤ n ≤ 191


6
Cubic Metric Analysis of proposed scheme

In the cubic metric analysis performed here, we have run simulations to compare cubic metrics of single HS-DPCCH and dual HS-DPCCH with different code and channel allocation for the second HS-DPCCH.

Depending on N_max_dpdch, the 1st HS-DPCCH is still sent as before on the following channelization codes:

· N_max_dpdch = 0

· Cch,256,33 on Q
· N_max_dpdch = 1
· Cch,256,64 on Q

Irrespective of N_max_dpdch = 0 or 1, we tried sending the 2nd  HS-DPCCH on the following channelization codes:
· Cch,256,0 on I

· Cch,256,1 on Q
· Cch,256,32 on I

· Cch,256,33 on I
Table 2 and Table 3 list the different simulation parameter settings performed in this analysis. The results obtained are categorized into 35 cases as shown next
Table 2: CM Analysis, Simulation Parameters

	Parameter
	Value
	Comment

	Nmax_dpdch
	[0,1]
	0 or 1 dedicated channels

	E-DCH Transport Block Size [bits]
	[1406, 2798, 5772, 11484]
	Corresponds to                             [1xSF4, 2xSF4, 2xSF2, 2XSF2+2xSF4]

	βd
	1.0
	

	Channelization Code used for dedicated channel
	Cch,64,16
	

	βc
	11/15
	

	15*βhs/ βc
	[0 12 15 19 24]
	-0 corresponds to HS-DPCCH disabled. -Same beta setting on each of I and Q branches when dual HS-DPCCH is simulated.

	15*βec/ βc
	[15 19]
	

	15*βed,1/ βc
	[17 21 27 34 42 53 67];
	

	15*βed,2/ βc
	[24 27 38 47 53 67 84]
	Only valid for 2xSF2+2xSF4


Table 3: CM Analysis, HS-DPCCH Settings

	Parameter
	Value

	Pr [ACK/NACK/DTX]
	[1/3, 1/3, 1/3]

	Inter TTI ACK
	1

	Inter TTI CQI
	1

	N_acknack_transmit
	1

	N_cqi_transmit
	1


Table 4: CM Analysis, N_max_dpdch = 0, E-DPDCH

	Case
	N_max_dpdch
	TBS [bits]

[SF]
	15*βhs/ βc
	Max CM [dB] Single HS-DPCCH
	Max CM [dB]

Dual HS-DPCCH

	
	
	
	
	256,33, Q
	256,33,Q 256,0,I
	256,33,Q 256,1,Q
	256,33,Q 256,32,I
	256,33,Q 256,33,I

	1
	0
	1406 (1xSF4)
	0
	1.7151
	1.7151
	1.7151
	1.7151
	1.7151

	2
	
	
	12
	1.6692
	2.3331
	2.0194
	2.1964
	2.2010

	3
	
	
	15
	1.6492
	2.4295
	2.2433
	2.2679
	2.2737

	4
	
	
	19
	1.6413
	2.4599
	2.4914
	2.2798
	2.2864

	5
	
	
	24
	1.6410
	2.3965
	2.7066
	2.2386
	2.2444

	6
	
	2798 (2xSF4)
	0
	1.4849
	1.4849
	1.4849
	1.4849
	1.4849

	7
	
	
	12
	1.8529
	2.1157
	2.2907
	2.0224
	2.0278

	8
	
	
	15
	1.9735
	2.2384
	2.5336
	2.1137
	2.1201

	9
	
	
	19
	2.0955
	2.3117
	2.7862
	2.1665
	2.1734

	10
	
	
	24
	2.1765
	2.2904
	2.9927
	2.1352
	2.1424

	11
	
	5772 (2xSF2)
	0
	2.0395
	2.0395
	2.0395
	2.0395
	2.0395

	12
	
	
	12
	2.4728
	2.7652
	2.9743
	2.6678
	2.6740

	13
	
	
	15
	2.6130
	2.9000
	3.2490
	2.7679
	2.7751

	14
	
	
	19
	2.7513
	2.9713
	3.5281
	2.8083
	2.8161

	15
	
	
	24
	2.8360
	2.9256
	3.7469
	2.7712
	2.7781

	16
	
	11484 (2xSF4 + 2xSF2)
	0
	2.5013
	2.5013
	2.5013
	2.5013
	2.5013

	17
	
	
	12
	2.6202
	2.7831
	2.7997
	2.7424
	2.7435

	18
	
	
	15
	2.6754
	2.8689
	2.9456
	2.8145
	2.8162

	19
	
	
	19
	2.7573
	2.9478
	3.1360
	2.8778
	2.8803

	20
	
	
	24
	2.8374
	2.9786
	3.3433
	2.8960
	2.8983

	Maximum CM [dB]
	2.8374
	2.9786
	3.7469
	2.8960
	2.8983


Table 5: CM Analysis, N_max_dpdch = 1

	Case
	N_max_dpdch
	TBS [bits]
	βhs
	Max CM [dB] Single HS-DPCCH
	Max CM [dB]

Dual HS-DPCCH

	
	
	
	
	256,64,Q
	256,64,Q 256,0,I
	256,64,Q 256,1,Q
	256,64,Q 256,32,I
	256,64,Q 256,33,I

	1
	1
	1406 (1xSF4)
	0
	2.0667
	2.0667
	2.0667
	2.0667
	2.0667

	2
	
	
	12
	2.0659
	2.7443
	2.5257
	2.6021
	2.5990

	3
	
	
	15
	2.0588
	2.8482
	2.7193
	2.6789
	2.6752

	4
	
	
	19
	2.0423
	2.8758
	2.9065
	2.7071
	2.7038

	5
	
	
	24
	2.0178
	2.8282
	3.0401
	2.6642
	2.6605

	6
	
	2798 (2SF4)
	0
	1.9098
	1.9098
	1.9098
	1.9098
	1.9098

	7
	
	
	12
	2.2999
	2.6210
	2.7691
	2.5161
	2.5139

	8
	
	
	15
	2.4284
	2.7558
	3.0065
	2.6157
	2.6130

	9
	
	
	19
	2.5565
	2.8303
	3.2353
	2.6703
	2.6669

	10
	
	
	24
	2.6367
	2.7919
	3.3966
	2.6523
	2.6491

	11
	
	5772 (2SF2)
	0
	2.0395
	2.0395
	2.0395
	2.0395
	2.0395

	12
	
	
	12
	2.3614
	2.7030
	2.8403
	2.5935
	2.5922

	13
	
	
	15
	2.4680
	2.8252
	3.0628
	2.6876
	2.6853

	14
	
	
	19
	2.5709
	2.8859
	3.2763
	2.7277
	2.7250

	15
	
	
	24
	2.6271
	2.8387
	3.4242
	2.7002
	2.6980

	Maximum CM [dB]
	2.6367
	2.8859
	3.4242
	2.7277
	2.7250


Based on Table 4 and Table 5, we observe the following:

· The choice of Cch,256,1 on Q for the 2nd HS-DPCCH results in a maximum CM of 
· 3.75 dB for N_max_dpdch =0
· 3.42 dB for N_max_dpdch = 1

· The choice of Cch,256,33 on I for the 2nd HS-DPCCH results in a maximum CM of 

· 2.89 dB for N_max_dpdch =0
· 2.73 dB for N_max_dpdch =1

· As a comparison, for the single HS-DPCCH case, the maximum CM equals

· 2.83 dB for N_max_dpdch =0

· 2.64 dB for N_max_dpdch = 1

· For the 2nd HS-DPCCH 

· The performance of Cch,256,32 on I is very similar in performance of Cch,256,33 on I.

· The performance of Cch,256,0 on I is slightly worse (0.1dB to 0.2dB) in performance when compared to Cch,256,32  on I or Cch,256,33 on I 

Based on the above observations, we prefer to use the Cch,256,33 on I for the 2nd HS-DPCCH. Another reason behind this choice is that when N_max_dpdch=0, the NodeB receiver need not de-spread another channelization code to decode the 2nd HS-DPCCH, since it anyway de-spreads Cch,256,33 to decode the 1st HS-DPCCH.
4
Conclusions
The HS-DPCCH design for dual cell HSDPA (DC-HSDPA) was discussed. The design is quite challenging due to the nature of asymmetry assumed in the cell allocation (2DL:1UL). In particular, we discussed the design objectives, design assumptions and presented a simple solution to this problem, wherein in addition to sending the HS-DPCCH corresponding to the 1st carrier on the channelization codes as allowed in Release 7, we propose to transmit the 2nd HS-DPCCH on channelization code Cch,256,33 on the I branch. The choice was based on a detailed cubic metric analysis for various combinations of E-DPDCH, HS-DPCCH, E-DPCCCH, and DPDCH settings. The proposal is attractive from the point of view that we reuse the identical channel coding that is currently used for HS-DPCCH. It is also attractive from a NodeB receiver point of view, when no dedicated channels are used (N_max_dpdch =0. In that case, no extra de-spreading operation is required, since the NodeB receiver already de-spreads Cch,256,33 to recover the HS-DPCCH from the Q branch.
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