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1	Introduction
[bookmark: OLE_LINK6]In RAN1#77, a secondary pilot was introduced as part of the Hetnet WI to ensure reliability of control channels at the Macro cell. One of the remaining open issues is the choice of the channelization code to be used for the pilot. In this contribution, we investigate the cubic metric impact of different channelization codes.  
2	Cubic Metric Analysis
[bookmark: OLE_LINK79][bookmark: OLE_LINK222]2.1	Simulation Assumptions
Figures 1 shows the block diagram used to evaluate cubic metric for difference scenarios. The scenarios considered are:
· Nmax-dpdch = 0 and 1
· TBS 1406, 2798, and 5772
Table 1 and 2 present channel configuration for cubic metric in case of Nmax-dpdch = 0 and of Nmax-dpdch = 1, respectively. The gain factor of HS-DPCCH is calculated based on DPCCH2 as per the design instead of DPCCH. With regards to the DPCCH2 gain factor w.r.t DPCCH, a number of values are assumed since the channels are essentially independent.
For DPCCH2 channelization code allocation, code numbers 0, 31, 33 are not considered, because they are already reserved for DPCCH, S-DPCCH, HS-DPCCH, respectively. 


Figure 1: Transmitter Block diagram for Cubic Metric Evaluation




Table 1: Channel configurations for CM in case of Nmax-dpdch=0
	Channel
	(I/Q, SF, code number)
	Gain factor

	DPCCH
	(Q,256,0)
	[bookmark: OLE_LINK20][bookmark: OLE_LINK21]βc = 15

	E-DPCCH
	(I,256,1)
	15*βec/βc = {9, 15, 24}

	E-DPDCH
	(I,4,1)  for TBS 1406
	[bookmark: OLE_LINK18][bookmark: OLE_LINK19]15*βed/βc = {17, 21,27,34,42,53,67}

	
	(I,4,1),(Q,4,1) for TBS 2798
	

	
	(I,2,1),(Q,2,1) for TBS 5772
	

	[bookmark: OLE_LINK14][bookmark: OLE_LINK15]DPCCH2
	(Q,256,k) , k = 1,…,63;
( I,256,k), k=1,…,63;
k ≠ 0,31,33
	15*βc2 /βc= {15,19,24,30,38,48}

	HS-DPCCH
	(Q,256,33)
	[bookmark: OLE_LINK16][bookmark: OLE_LINK17]For 15*βc2 /βc= 15,  15*βhs/βc2 = {0, 12, 15, 19, 24}
For 15*βc2 /βc= 19,  15*βhs/βc2 = {0, 15, 19, 24, 30}
For 15*βc2 /βc= 24,  15*βhs/βc2 = {0, 19, 24, 30, 38}
For 15*βc2 /βc= 30,  15*βhs/βc2 = {0, 24, 30, 38, 48}
For 15*βc2 /βc= 38,  15*βhs/βc2 = {0, 30, 38, 48, 60}
For 15*βc2 /βc= 48,  15*βhs/βc2 = {0, 38, 48, 60, 76}



Table 2: Channel configurations for CM in case of Nmax-dpdch=1
	Channel
	(I/Q, SF, code number)
	Gain factor

	DPCCH
	(Q,256,0)
	βc = 15

	DPDCH
	(I,64,16)
	15*βd/βc=21

	E-DPCCH
	(I,256,1)
	15*βec/βc = {9, 15, 24}

	E-DPDCH
	(I,4,2)  for TBS 1406
	15*βed/βc = {17, 21,27,34,42,53,67}

	
	(I,4,2),(Q,4,2) for TBS 2798
	

	
	(I,2,1),(Q,2,1) for TBS 5772
	

	DPCCH2
	(Q,256,k) , k = 1,…,63;
( I,256,k), k=1,…,63;
k ≠ 0,31,33
	15*βc2 /βc= {15,19,24,30,38,48}

	HS-DPCCH
	(Q,256,64)
	For 15*βc2 /βc= 15,  15*βhs/βc2 = {0, 12, 15, 19, 24}
For 15*βc2 /βc= 19,  15*βhs/βc2 = {0, 15, 19, 24, 30}
For 15*βc2 /βc= 24,  15*βhs/βc2 = {0, 19, 24, 30, 38}
For 15*βc2 /βc= 30,  15*βhs/βc2 = {0, 24, 30, 38, 48}
For 15*βc2 /βc= 38,  15*βhs/βc2 = {0, 30, 38, 48, 60}
For 15*βc2 /βc= 48,  15*βhs/βc2 = {0, 38, 48, 60, 76}



2.2	Simulation Results
Figure 2 shows a same cubic metric plot for TBS 1406 and is shown here as an example. Similar plots can be obtained for the other packet sizes. 
[image: ]
Figure 2: Plots of Cubic Metric for TBS 1406; Nmax_DPDCH=0 (left) and Nmax_DPDCH=1(right)
Figure 3-5 present the CDF of CM when DPCCH2 is allocated to I and Q branch for TBS 1406, 2798 and 5772, respectively. 
[image: ]
Figure 3: CM CDF, when DPCCH2 is assigned on I/Q branch for TBS 1406
[image: ]
Figure 4: Cubic metric, when DPCCH2 is assigned on I/Q branch for TBS 2798
[image: ]
Figure 5: Cubic metric, when DPCCH2 is assigned on I/Q branch for TBS 5772
It can be seen from Figures 3-5 that allocation of DPCCH on:
· Q branch is better in case of Nmax_dpdch = 1 and for TBS 1406. This is similar to the finding in [1] where the same TBS was considered. 
· I branch is better for Nmax_dpdch =0 for TBS 2798 and 5772. 

It’s also important to characterize the variation of the cubic metric over the set of channelization codes for a particular I or Q branch. For a particular case, i.e, a set of beta factors and TBS size and I or Q branch, the maximum and min cubic metric is computed. 
CDF of () for j = 1 to M where M is the total number of cases. 
In other words, for each combination of beta factors, the best and worst codes are selected and the difference in CM is plotted. This shows the variation of the CM over the set of codes.
Figure 6-8 show the CM difference CDF for TBS 1406, 2798, and 5772, respectively. 
[image: ]
Figure 6: CM difference CDF, when DPCCH2 is assigned on I/Q branch for TBS 1406
[image: ]
Figure 7: CM difference CDF, when DPCCH2 is assigned on I/Q branch for TBS 2798
[image: ]
Figure 8: CM difference CDF, when DPCCH2 is assigned on I/Q branch for TBS 5772
It can be seen from Figures 6-8 that the CM difference across channelization codes is less than 0.25dB for 90% of the cases. On the other hand, the CM difference by for the I and Q branches are around 0.9dB for ‘TBS 1406 as shown in Figure 2. 
It can be concluded therefore that CM is more sensitive to I/Q branch allocation than to channelization code allocation. 
While the particular code selection is less important, in order to select the best codes, we compute the histogram of the best channelization codes for each TBS and Nmax_DPDCH=0,1 cases. The code that is observed to be the best code in the most number of cases is likely to be a good candidate.
Figure 9-11 show the histograms of the channelization code index when Nmax_dpdch = 0 and when Nmax_dpdch = 1 for TBS 1406, 2798 and 5772, respectively. 
[image: ]
Figure 9: channelization code when DPCCH2 is assigned to I/ Q branch for TBS 1406
[image: ]
Figure 10: channelization code when DPCCH2 is assigned to I/ Q branch for TBS 2798
[image: ]
Figure 11: channelization code when DPCCH2 is assigned to I/ Q branch for TBS 5772
From Figures 9-11, the codes that have the least CM the maximum number of times are selected. These are considered to be the best codes for a particular TBS and I/Q branch. 
From the results it is seen that the Q branch codes are the preffered option for TBS 1406 and when Nmax_DPDCH=1 and the I branch is preferred for all other cases. 
The set of best channelization codes is shown in Table 3.
Table 3: Candidate channelization codes for DPCCH2
	TBS

	1406
	2798
	5772

	# of max  DPDCH:0
	# of max DPDCH:1
	# of max  DPDCH:0
	# of max DPDCH:1
	# of max  DPDCH:0
	# of max DPDCH:1

	I
	Q
	I
	Q
	I
	Q
	I
	Q
	I
	Q
	I
	Q

	34
	7
	3
	3
	35
	7
	6
	7
	39
	4
	14
	3

	33
	1
	33
	2
	39
	1
	3
	3
	35
	2
	43
	4

	32
	2
	45
	7
	34
	4
	43
	2
	34
	3
	45
	2

	39
	4
	15
	1
	32
	2
	8
	4
	45
	1
	13
	6

	35
	3
	44
	36
	44
	3
	5
	1
	36
	7
	3
	58

	36
	37
	26
	38
	33
	44
	33
	45
	32
	44
	4
	5



Based on the results shown the following can be concluded:
· For Nmax_DPDCH =1 and for TBS 1406, the best codes are: (3, Q) and (2, Q)
· For Nmax_DPDCH =0 for all other TBS, the best codes are: (32, I), (34, I), (35, I) and (39, I)
In a Hetnet scenario, the UE is not likely to be headroom limited. Therefore, it can be expected that larger packet sizes are scheduled even in SHO scenarios between the Macro and the LPN. Consequently, it may not be possible to bias the code selection towards low or higher packet sizes. Additionally, while HSDPA is growing increasingly popular, DPDCH is till configured in a large number of cases. Taking these considerations into account, we propose the following:
Proposal: The channelization codes for DPCCH2 are selected as follows:
· For Nmax_DPDCH >0: (3, Q)
· For Nmax_DPDCH =0: (34, I)

4	Conclusions
In this contribution, an analysis of cubic metric was conducted for different channelization codes, I/Q branches and for different TB sizes. Based on the results, it found that the Q branch is more favourable for Nmax_DPDCH=1 and the I branch is preferred for Nmax_DPDCH=0. The differences in cubic metric between the channelization codes for a particular I/Q branch were not significant. The following is proposed:
Proposal: The channelization codes for DPCCH2 are selected as follows:
· For Nmax_DPDCH >0: (3, Q)
· For Nmax_DPDCH =0: (34, I)
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