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1
Introduction
In RAN1 #37-bis, it was decided that the set of channelization codes for DCH and E-DCH will be different. In other words, the DCH and E-DCH will be physically transmitted in a CDM manner.

In this contribution, we will analyze the set of available codes for E-DCH, when the DCH and HS-DPCCH is present or absent.  This affects the peak data rate one can achieve with E-DCH.
2
Rel-5 Code Mapping
Table 1 shows the code mapping for DCH when a single DPDCH is present. 
	SF
	Code
	OVSF Branch
	Data Rate

	256
	C(256,64)
	C(4,1) – I
	8 kbps

	128
	C(128,32)
	C(4,1) – I 
	16 kbps

	64
	C(64,16)
	C(4,1) – I 
	32 kbps

	32
	C(32,8)
	C(4,1) – I 
	64 kbps

	16
	C(16,4)
	C(4,1) – I 
	128 kbps

	8
	C(8,2)
	C(4,1) – I 
	256 kbps

	4
	C(4,1)
	C(4,1) – I 
	384 kbps


Table 1
Code Mapping for single DPDCH
Table 2 shows the code mapping for DPCCH and HS-DPCCH.
	Channel
	Code
	Number of DPDCH
	OVSF Branch

	DPCCH
	C(256,0)
	Any
	C(4,0) – Q 

	HS-DPCCH
	C(256,64)
	1
	C(4,1) – Q 

	HS-DPCCH
	C(256,1)
	2, 4, 6
	C(4,0) – I 

	HS-DPCCH
	C(256,32)
	3, 5
	C(4,0) - Q


Table 2
Code Mapping for DPCCH and HS-DPCCH

Table 3 shows the code mapping for multiple DPDCH.

	Number of DPDCH
	OVSF Code

	1, 2
	C(4,1)

	3, 4
	C(4,3)

	5, 6
	C(4,2)


Table 3
Code Mapping for multiple DPDCH
3
E-DCH Code Space
In the case of single DPDCH, one could simply reserve C(4,0) and C(4,1) for Rel-5. However, this is not an optimal use of the available code space. 

Table 3 outlines the options in different scenarios. 
· When the number of DPDCH is varied from 1 to 6, we assume that the data rate is at least 384 kbps.
· It is assumed that when code space is reserved for Rel-5, both I and Q components are reserved, though they might not be utilized.
	Rel-5 Scenario
	Reserved Codes for Rel-5
	Fraction of code space  left for E-DCH
	E-DCH

Peak Data Rate

	DPCCH
	C(256,0)
	0.996
	7.65 Mbps

	DPCCH + HS-DPCCH
	C(256,0) + C(256,64)
	0.992
	7.62 Mbps

	DPCCH + 1 DCH <= 256 kbps

(with or without HS-DPCCH)
	C(256,0) + C(8,2)
	0.871
	6.69 Mbps

	DPCCH + 1 DCH <= 384 kbps
(with or without HS-DPCCH)
	C(256,0) + C(4,1)
	0.746
	5.73 Mbps

	DPCCH + HS-DPCCH

2 DPDCH
	C(256,0) + C(256,1)

C(4,1)
	0.742
	5.70 Mbps

	DPCCH + HS-DPCCH

3 DPDCH
	C(256,0) + C(256,32)

C(4,1) + C(4,3)
	0.492
	3.78 Mbps

	DPCCH + HS-DPCCH

4 DPDCH
	C(256,0) + C(256,1)

C(4,1) + C(4,3)
	0.492
	3.78 Mbps

	DPCCH + HS-DPCCH

5 DPDCH
	C(256,0) + C(256,32)

C(4,1) + C(4,2) + C(4,3) 
	0.242
	1.86 Mbps

	DPCCH + HS-DPCCH

6 DPDCH
	C(256,0) + C(256,1)

C(4,1) + C(4,2) + C(4,3)
	0.242
	1.86 Mbps


Table 4
Code Space for E-DCH – I 
The yellow highlighted scenarios indicate the most likely ones. The green highlighted options allow for a large code space for EUL channels, even when the DCH data rate is very large.

One can achieve high data rates with better link efficiency using E-DCH than DCH, as seen during the SI phase [1]. Therefore, it is better to restrict the DCH TFCS (much smaller than 384 kbps) when E-DCH is also configured.

In Table 5, the parent code tree for HS-DPCCH is outlined.
	Code
	SF8 Parent
	SF4 Parent

	C(256,0)
	C(8,0)
	C(4,0)

	C(256,64)
	C(8,2)
	C(4,1)

	C(256,1)
	C(8,0)
	C(4,0)

	C(256,32)
	C(8,1)
	C(4,0)


Table 5
Code Tree for HS-DPCCH
It is seen that in a DPCCH + HS-DPCCH + 1 DPDCH scenario, C(4,1) cannot be used for E-DCH.

Table 6 outlines the options if we split the code tree at SF8. It is seen that when only DPCCH and HS-DPCCH are configured, the reserved code space for Rel-5 is the same whether a 256 kbps DCH is configured or not. This code tree mapping is simpler, but is not an optimal use of the available code resources.
	Rel-5 Scenario
	Reserved Codes for Rel-5 (SF8)
	Fraction of code space  left for E-DCH 

(SF8)
	E-DCH

Peak Data Rate

	DPCCH
	C(8,0)
	0.875
	6.72 Mbps

	DPCCH + HS-DPCCH
	C(8,0) + C(8,2)
	0.750
	5.76 Mbps

	DPCCH + DCH <= 256 kbps

(with or without HS-DPCCH)
	C(8,0) + C(8,2)
	0.750
	5.76 Mbps

	DPCCH + 1 DCH <= 384 kbps
(with or without HS-DPCCH)
	C(8,0) + C(8,2) + C(8,3)
	0.625
	4.80 Mbps


Table 6
Code Space for E-DCH – Split at SF8
4
Backward Compatibility

The working assumption is that a Rel-6 EUL capable Node-B need not be HSDPA capable. 
If the Rel-5 code mapping is changed to accommodate EUL channels, it can be accomplished in one of two ways.

· Change code mapping as a function of UE capability (Rel-6 vs. non Rel-6)
· Every Node-B in the UE’s active set needs to be aware of UE capability
· Change code mapping as a function of UE’s active set

· If all Node-Bs’ in UE’s active set are EUL capable, use new mapping for R5 channels

· If one of the Node-B’s in UE’s active set is only R5 capable, use legacy mapping for R5 channels

Both these approaches require additional signaling. The second option implies that the R5 mapping for a given UE changes as new radio links are added or deleted.

A simple and clean solution is to keep the Rel-5 code mapping unchanged.
5
Conclusions

We propose that the following conclusions be captured in TR 25.808.
· The code mapping for Rel-5 channels is kept the same for backward compatibility
· When DCH is configured along with E-DCH:

· TFCS for DCH is restricted to less than or equal to 256 kbps
· C(256,0) and C(8,2) are reserved for Rel-5 channels
· When DCH is not configured along with E-DCH
· C(256,0) is reserved for DPCCH
· HS-DPCCH mapping is FFS
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