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1.  Introduction

In the previous RAN WG1 #37 and #38 meetings in Cannes and Prague, it was agreed that

· CDM is used to map the two CCTrCHs of E-DCH and DCH types

· 10 ms TTI is mandatory for all UE categories and 2 ms TTI is supported by the standard
· Radio frames of E-DPDCH and DPDCH are time aligned
· E-DPCCH is transmitted in CDM with E-DPDCH for 2 ms TTI case and FFS for 10 ms TTI case

In this contribution, we propose OVSF code mapping rules for E-DPDCH, E-DPCCH and HS-DPCCH. In case of E-DPDCH, the cases of 10 ms TTI and 2 ms TTI are separately considered. In designing the code mapping rules, we take into account both cubic metric (CM) and peak-to-average power ratio (PAR). It is noted that CM has been approved to be used as an alternate transmitter performance metric [1] in the last RAN#25 plenary meeting in Palm Springs.
2. OVSF code allocation for E-DPDCH
We agree with [2] in that E-DPDCH and DPDCH use the same pool of channelization codes. That is, E-DPDCH codes are taken from the OVSF codes of (SF=4, index=1), (4, 2), (4, 3) and their sub-codes. In order to enable efficient utilization of the OVSF codes, we propose different code allocation schemes for the cases of 10 ms and 2 ms TTI, respectively. The proposed code mapping rules does not require an explicit signalling of the channelization codes used for E-DPDCH. In Sections 2.1 and 2.2, the proposed schemes for 10 ms and 2 ms TTI cases are described, respectively, and CM and PAR results are shown in Section 2.3. 
2.1. 10 ms TTI

In 10 ms TTI case, it is possible to dynamically allocate OVSF codes for DPDCH and E-DPDCH on a TTI basis, which enables efficient utilization of the code resource and thus results in an increase in the maximum number of E-DPDCHs. In the dynamic allocation, channelization codes available for E-DPDCH change at each TTI, depending on the OVSF codes used for other uplink physical channels at the corresponding TTI. Then, UE selects E-DPDCH codes among the remaining codes according to the code mapping rule. 
The proposed allocation scheme is characterized as
· DPDCH codes not used at the current TTI can be utilized by E-DPDCH.
· For a given OVSF code, E-DPDCH uses Q branch first unlike DPDCH which is mapped on I branch first, in order to better balance the number of (E-)DPDCHs on I and Q branches.
The proposed mapping rule is given below.

Proposal: Dynamic allocation

· A set of root channelization codes is defined as S = {c1, c2, c3, c4, c5, c6} = {(Q,4,1), (I,4,1), (Q,4,3), (I,4,3), (Q,4,2), (I,4,2)} where cn stands for the corresponding OVSF code of SF=4 on the designated I or Q branch in the ordered list.

· Assuming that k DPDCHs are transmitted at a given TTI, all of the root channelization codes and its sub-codes which are not used for the DPDCHs can be used for E-DPDCH at the TTI according to the rules given below.

· When HS-DPCCH is not configured or HS-DPCCH does not use (Q, 256, 64), E-DPDCH is mapped on:

· Single-code transmission: ck+1-(k mod 2) or its sub-code

· n codes transmission: ck+1, …, ck+n for even k and ck, ck+2, ck+3, …, ck+n for odd k
· When HS-DPCCH uses (Q, 256, 64) where the maximum number of DPDCH is 1, E-DPDCH is mapped on:

· Single-code transmission: ck+2 or its sub-code

· n codes transmission: ck+2, …, ck+n+1
Benefits of the above dynamic allocation scheme are two-fold:
· Reduction in CM and PAR (as will be shown in Section 2.3)
· Efficient utilization of the OVSF code resource

An important issue related with the dynamic code allocation is how the Node B can know the channelization codes used for E-DPDCH at each TTI without an explicit signalling of the used channelization codes. This is enabled by utilizing TFCI carried on DPCCH and E-TFI for E-DPDCH. The Node B is able to know which DPDCH codes are transmitted at the current TTI by decoding TFCI, from which the start position of E-DPDCH codes can be inferred. Also, the Node B can infer the number of transmitted E-DPDCHs by decoding E-TFI and then it is straightforward to infer the used E-DPDCH codes. 
For illustration of the proposed code allocation scheme, we consider a case that the maximum number of DPDCHs, denoted as Nmax-dpdch, is 1. It is assumed that E-DPCCH uses an OVSF code of SF=128 and index=1 on I branch, denoted as (I, 128, 1).  Then, the following code mappings for E-DPDCH are possible depending on the number of transmitted DPDCHs and E-DPDCHs at the corresponding TTI:
	Case
	TTI
	I branch
	Q branch

	
	
	Channel
	OVSF code Index
	Channel
	OVSF code Index

	Case A: HS-DPCCH is not configured
	n-th
	E-DPCCH
	(128, 1)
	DPCCH
	(256, 0)

	
	
	DPDCH
	(64, 16)
	E-DPDCH
	(8, 2)

	
	(n+1)-th
	E-DPCCH
	(128, 1)
	DPCCH
	(256, 0)

	
	
	
	
	E-DPDCH
	(32,8)

	
	(n+2)-th
	E-DPCCH
	(128, 1)
	DPCCH
	(256, 0)

	
	
	E-DPDCH2
	(4, 1)
	E-DPDCH1
	(4, 1)

	
	
	
	
	E-DPDCH3
	(4, 3)

	Case B: HS-DPCCH is configured on 

(Q, 256, 64)
	n-th
	E-DPCCH
	(128, 1)
	DPCCH
	(256, 0)

	
	
	DPDCH
	(64, 16)
	HS-DPCCH
	(256, 64)

	
	
	
	
	E-DPDCH
	(8, 6)

	
	(n+1)-th
	E-DPCCH
	(128, 1)
	DPCCH
	(256, 0)

	
	
	E-DPDCH
	(8, 2)
	
	

	
	(n+2)-th
	E-DPCCH
	(128, 1)
	DPCCH
	(256, 0)

	
	
	E-DPDCH1
	(4, 1)
	HS-DPCCH
	(256, 64)

	
	
	
	
	E-DPDCH2
	(4, 3)


Table 1: Example of the dynamic code allocation for 10 ms TTI case
The followings can be noted for the examples shown in Table 1:

· At the (n+1)-th TTI in Case A, although DPDCH is not transmitted, E-DPDCH does not use (I, 32, 8) since Q branch is first used for E-DPDCH.
· At the (n+2)-th TTI in Case A, E-DPDCH2 is mapped on (I, 4, 1) since no DPDCH is transmitted at the TTI.
· At the (n+1)-th TTI in Case B, although HS-DPCCH is not transmitted, E-DPDCH is mapped on (I, 8, 2) since (Q, 4, 1) and its sub-code cannot be utilized for E-DPDCH at any TTI due to HS-DPCCH, as explained below.
From the above examples, we see that with the dynamic allocation, all the remaining OVSF codes not used by DPDCH at each TTI can be assigned to E-DPDCH as many as necessary. Thus, at a TTI when DPDCH is not transmitted, maximum six E-DPDCHs of SF=4 can be transmitted, except for the case that HS-DPCCH is configured with Nmax-dpdch=1. In this case, (Q, 4, 1) cannot be used for E-DPDCH because HS-DPCCH uses (Q, 256, 64) and the occurrence of HS-DPCCH within the E-DPDCH TTI cannot be predicted. It is also noted that (I, 4, 0) and (Q, 4, 0) cannot be used for E-DPDCH due to DPCCH mapped on (Q, 256, 0). 
2.2. 2 ms TTI

The dynamic allocation of E-DPDCH codes as done in 10 ms TTI case would not be feasible in 2 ms TTI case, since the Node B cannot decode TFCI and E-TFI simultaneously due to the shorter E-DCH TTI length. Therefore, in order to avoid the overhead of explicit signalling of the channelization codes used for E-DPDCH, we propose to use a semi-static allocation scheme in 2ms TTI case.
In case of DPDCH in Rel-5, Nmax-dpdch is determined at the radio bearer setup and the UE may transmit up to Nmax-dpdch OVSF codes of SF=4 which are reserved for DPDCH. In the semi-static allocation for 2ms TTI case, we propose that OVSF codes for E-DPDCH are taken from the remaining OVSF codes and reserved for E-DPDCH at the radio bearer setup. 
The proposed code mapping rule for 10 ms TTI case is identical to that for 2ms TTI case except that the number of DPDCHs transmitted at the current TTI, k, used in the dynamic allocation scheme is replaced with Nmax-dpdch. That is, the start position of the E-DPDCH OVSF code is determined by Nmax-dpdch instead of k. Because the set of OVSF codes which can be used for E-DPDCH are initially determined at the radio bearer setup in the semi-static allocation, the Node B can know the OVSF codes used for E-DPDCH at the current TTI by decoding E-TFI only. The proposed mapping rule is as follows.
Proposal: Semi-static allocation

· A set of root channelization codes is defined as S = {c1, c2, c3, c4, c5, c6} = {(Q,4,1), (I,4,1), (Q,4,3), (I,4,3), (Q,4,2), (I,4,2)} where cn stands for the corresponding OVSF code of SF=4 on the designated I or Q branch in the ordered list.

· Assuming that Nmax-dpdch = m, all of the root channelization codes and its sub-codes which are not allowed to be used for the DPDCHs for the configuration can be used for E-DPDCH according to the rules given below.

· When HS-DPCCH is not configured or HS-DPCCH does not use (Q, 256, 64), E-DPDCH is mapped on:

· Single-code transmission: cm+1-(m mod 2) or its sub-code

· n codes transmission: cm+1, …, cm+n for even m and cm, cm+2, cm+3, …, cm+n for odd m
· When HS-DPCCH uses (Q, 256, 64) where the maximum number of DPDCH is 1, E-DPDCH is mapped on:

· Single-code transmission: c3 or its sub-code

· n codes transmission: c3, …, cn+2
For illustration, we consider the previous example given in Table 1. In 2 ms TTI case, the OVSF code (I, 4, 1) and its sub-codes are reserved for DPDCH. Then, the following code mappings for E-DPDCH are possible depending on the E-DCH data rate and irrespective of DPDCH at each TTI:
	Case
	TTI
	I branch
	Q branch

	
	
	Channel
	OVSF code Index
	Channel
	OVSF code Index

	Case A: HS-DPCCH is not configured
	n-th
	E-DPCCH
	(128, 1)
	DPCCH
	(256, 0)

	
	
	DPDCH
	(64, 16)
	E-DPDCH
	(8, 2)

	
	(n+1)-th
	E-DPCCH
	(128, 1)
	DPCCH
	(256, 0)

	
	
	
	
	E-DPDCH
	(32,8)

	
	(n+2)-th
	E-DPCCH
	(128, 1)
	DPCCH
	(256, 0)

	
	
	
	
	E-DPDCH1
	(4, 1)

	
	
	E-DPDCH3
	(4, 3)
	E-DPDCH2
	(4, 3)

	Case B: HS-DPCCH is configured on 

(Q, 256, 64)
	n-th
	E-DPCCH
	(128, 1)
	DPCCH
	(256, 0)

	
	
	DPDCH
	(64, 16)
	HS-DPCCH
	(256, 64)

	
	
	
	
	E-DPDCH
	(8, 6)

	
	(n+1)-th
	E-DPCCH
	(128, 1)
	DPCCH
	(256, 0)

	
	
	
	
	
	

	
	
	
	
	E-DPDCH
	(8, 6)

	
	(n+2)-th
	E-DPCCH
	(128, 1)
	DPCCH
	(256, 0)

	
	
	
	
	HS-DPCCH
	(256, 64)

	
	
	E-DPDCH2
	(4, 3)
	E-DPDCH1
	(4, 3)


Table 2: Example of the semi-static code allocation for 2 ms TTI case
The following observations are made for the examples shown in Table 2:

· At the (n+2)-th TTI in Case A, although DPDCH is not transmitted, E-DPDCH is not mapped on (I, 4, 1) since the code is dedicated to DPDCH.
· At the (n+1)-th TTI in Case B, E-DPDCH is mapped on (Q, 8, 6) since the use of the OVSF code (8, 2) is prohibited due to DPDCH and HS-DPCCH on I and Q branches.

2.3. CM and PAR results

Basic idea behind the code mapping rule for DPDCH and HS-DPCCH in Rel-5 was that balancing the number of code channels and matching the code indexes on I and Q branches are of primary importance in minimizing the required power back-off. The proposed code mapping rules have been designed taking into account the above aspects, and thus are beneficial in terms of CM and PAR as well as the efficient use of the OVSF code resource. 
In the simulations, gain factor settings shown in Table 3 are used, where P1 and P3 have been taken from [2] and P4 from [3]. In case of P1 and P3, OVSF code (4, 1) is used for DPDCH and in case of P4, (64, 16) is used, which corresponds to a speech service case. SF of E-DPDCH is assumed to be 4.
	
	DPCCH
	DPDCH
	HS-DPCCH
	E-DPCCH
	E-DPDCH

	P1
	15
	75
	30
	15
	75

	P3
	15
	45
	15
	15
	45

	P4
	15
	10
	7
	7
	42


Table 3: Gain factor settings for the simulations
Example configurations of uplink physical channels are given in Tables 3~5, for which we show CM and PAR results.
· The configuration of Table 4 stands for the case that a single DPDCH is transmitted without the configuration of HS-DPCCH. Then, OVSF code candidates for E-DPDCH are (Q, 4, 1), (I/Q, 4, 3) and (I/Q, 4, 2).
· The configuration of Table 5 is for the case that HS-DPCCH is transmitted using (Q, 256, 64) without DPDCH. Then, OVSF code candidates for E-DPDCH are (I, 4, 1), (I/Q, 4, 3) and (I/Q, 4, 2) when assuming the dynamic code allocation.
· The configuration of Table 6 is for the case that a single DPDCH is transmitted with HS-DPCCH on (Q, 256, 64). Then, OVSF code candidates for E-DPDCH are (I/Q, 4, 3) and (I/Q, 4, 2).
	I branch
	Q branch

	Channel
	OVSF code Index
	Channel
	OVSF code Index

	
	
	DPCCH
	(256, 0)

	DPDCH
	(4, 1) or (64, 16)
	
	


Table 4: Physical channel configuration for the results in Figure 1
	I branch
	Q branch

	Channel
	OVSF code Index
	Channel
	OVSF code Index

	
	
	DPCCH
	(256, 0)

	
	
	HS-DPCCH
	(256, 64)


Table 5: Physical channel configuration for the results in Figure 2
	I branch
	Q branch

	Channel
	OVSF code Index
	Channel
	OVSF code Index

	
	
	DPCCH
	(256, 0)

	DPDCH
	(4, 1) or (64, 16)
	HS-DPCCH
	(256, 64)


Table 6: Physical channel configuration for the results in Figure 3
We show PAR and CM results in Figures 1~3 for the configurations in Tables 4~6, respectively. In obtaining CM, we used the recently agreed formula given in [1]. We make the following observations for each figure:

· Figure 1: OVSF code (Q, 4, 1) achieves approximately 1~3 dB less CM, compared to other OVSF codes for P1 and P3 cases. Selection of (Q, 4, 1) for E-DPDCH is in line with the proposed code mapping rules.
· Figure 2: OVSF code (I, 4, 1) achieves approximately 0.7~2.5 dB less CM, compared to other OVSF codes for all the cases. Selection of (I, 4, 1) for E-DPDCH is in line with the propose code mapping rule for 10 ms TTI case.
· Figure 3: The optimal code in terms of CM depends on the gain factor setting. However, in cases of P1 and P3 which results in much larger CM, (Q, 4, 2) and (Q, 4, 3) are optimal, which is in line with the proposed code mapping rules.
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Figure 1: E-DPDCH OVSF code vs. CM/PAR for the configuration given in Table 3
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Figure 2: E-DPDCH OVSF code vs. CM/PAR for the configuration given in Table 4
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Figure 3: E-DPDCH OVSF code vs. CM/PAR for the configuration given in Table 5
3. OVSF code allocation for E-DPCCH

In this section, we propose a code mapping rule for E-DPCCH. As with the cases of other physical channels, primary factor in designing the code mapping rule is the power back-off requirement, and simplicity of the rule is also taken into account. We have performed PAR and CM simulations in order to derive an optimal code mapping rule for E-DPCCH. According to the results, we propose that E-DPCCH is simply mapped as follows:
Proposal: 

· E-DPCCH is mapped on (I, SF, 1) where SF is determined among 8, 16, 32, 64 and 128.
In the simulations, we consider the configurations shown in Tables 7 and 8. Table 7 represents the case that HS-DPCCH is not configured, and Table 8 corresponds to the case that HS-DPCCH is mapped on (Q, 256, 64) with Nmax-dpdch=1. 

	I branch
	Q branch

	Channel
	OVSF code Index
	Channel
	OVSF code Index

	
	
	DPCCH
	(256, 0)

	DPDCH
	(4, 1) or (64, 16)
	E-DPDCH1
	(4, 1)

	E-DPDCH5
	(4, 2)
	E-DPDCH4
	(4, 2)

	E-DPDCH3
	(4, 3)
	E-DPDCH2
	(4, 3)


Table 7: Physical channel configuration for the results shown in Figure 4

	I branch
	Q branch

	Channel
	OVSF code Index
	Channel
	OVSF code Index

	
	
	DPCCH
	(256, 0)

	DPDCH
	(4, 1) or (64, 16)
	HS-DPCCH
	(256, 64)

	E-DPDCH4
	(4, 2)
	E-DPDCH3
	(4, 2)

	E-DPDCH2
	(4, 3)
	E-DPDCH1
	(4, 3)


Table 8: Physical channel configuration for the results shown in Figure 5

Figures 4 and 5 show PAR and CM results for the configurations shown in Table 7 and 8, respectively. In the figures, the legends “OVSF code (I, 128, 1)” and “Optimum CM code” represent the cases that E-DPCCH uses (I, 128, 1) and that the OVSF code achieving the smallest CM is used for the given Ndpdch+e-dpdch, respectively. In obtaining those results, it is assumed that with the increase in the total number of DPDCH and E-DPDCH (denoted as Ndpdch+e-dpdch), DPDCH is first assigned and then E-DPDCHs are assigned in the order of E-DPDCH1, 2, 3, 4, and 5 as seen in Tables 7 and 8. In the results, the SF of E-DPCCH is assumed to be 128. It is noted that in Figure 5, the maximum total number of DPDCH and E-DPDCH is 5 since (Q, 4, 1) cannot be used for E-DPDCH due to HS-DPCCH mapped on (Q, 256, 64).

Observations for the results are as follows:

· Using (I, 128, 1) for E-DPCCH achieves nearly optimal PAR and CM results except for the case of Ndpdch+e-dpdch=1 and the difference in CM between (I, 128, 1) and optimum CM code cases is less than 0.1 dB.

· It is noted that the case of Ndpdch+e-dpdch=1 does not happen if E-DPCCH is designed to be transmitted along with E-DPDCH.

· While the difference becomes larger for Ndpdch+e-dpdch= 1 in cases of P1 and P3, the CM value itself is minimal as less than 1.5 dB.
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Figure 4: PAR and CM results for the configuration given in Table 7
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Figure 5: PAR and CM results for the configuration given in Table 8
4. OVSF code allocation for HS-DPCCH

In the previous meetings in Montreal and Cannes, there has been much discussion on the following two options for HS-DPCCH code allocation:
· Option 1: To be determined from the maximum number of legacy DPDCHs [4][5]
· Option 2: To be determined from the total maximum number of DPDCHs carrying either of DCH and E-DCH traffic [6]
In our view, Option 1 seems a quite natural way that does not affect the current implementation to support HSDPA. There was a concern for Option 1 that for Nmax-dpdch=1, the achievable maximum number of E-DPDCHs is 4, one less than Option 2, since (Q, 4, 1) cannot be used for E-DPDCH due to HS-DPCCH mapped on (Q, 256, 64). However, the reduction in peak data rate would not be a critical issue, especially for low capability UEs.
As an additional note, if we would adopt stand-alone E-DCH, which is not accompanied by an associate DCH, HS-DPCCH code mapping for the case needs to be designed. In Rel-5, when Nmax-dpdch is even, HS-DPCCH is mapped on (I, 256, 1). In this regard, it seems natural and simple to map HS-DPCCH on (I, 256, 1) in case of stand-alone E-DCH, which matches DPCCH mapped on (Q, 256, 0). As similar to the case of E-DPCCH mapped on (I, 128, 1) shown in Figure 4, it is also beneficial in view of PAR and CM from our analysis.
Proposal: 

· With an associate DCH, HS-DPCCH code allocation is determined from the maximum number of legacy DPDCHs as in Rel-5.
· In case of stand-alone E-DCH without an associate DCH, HS-DPCCH is mapped on (I, 256, 1). 

5. Conclusion

We propose to adopt the proposals of this contribution as working assumptions and to include the following text proposals into RAN1 TR 25.808.
----------------------------------- Start of the text proposal ----------------------------------- 

10
Spreading and Modulation

Editor's note: This chapter is supposed to capture the changes to TS25.213

10.1
OVSF code allocation for E-DPDCH

A set of root channelization codes is defined as S = {c1, c2, c3, c4, c5, c6} = {(Q,4,1), (I,4,1), (Q,4,3), (I,4,3), (Q,4,2), (I,4,2)} where an OVSF code of index n with SF on I(Q) branch is denoted as (I(Q), SF, n) and cn stands for the corresponding OVSF code of SF=4 on the designated I or Q branch in the ordered list.

For 10ms E-DCH TTI, E-DPDCH is mapped on channelization codes as follows.

· Assuming that k DPDCHs are transmitted at a given TTI, all of the root channelization codes and its sub-codes which are not used for the DPDCHs can be used for E-DPDCH at the TTI according to the rules given below.

· When HS-DPCCH is not configured or HS-DPCCH does not use (Q, 256, 64), E-DPDCH is mapped on:

· Single-code transmission: ck+1-(k mod 2) or its sub-code

· n codes transmission: ck+1, …, ck+n for even k and ck, ck+2, ck+3, …, ck+n for odd k
· When HS-DPCCH uses (Q, 256, 64) where the maximum number of DPDCH is 1, E-DPDCH is mapped on:

· Single-code transmission: ck+2 or its sub-code

· n codes transmission: ck+2, …, ck+n+1
For 2ms E-DCH TTI, E-DPDCH is mapped on channelization codes as follows.

· Assuming that Nmax-dpdch = m, all of the root channelization codes and its sub-codes which are not allowed to be used for the DPDCHs for the configuration can be used for E-DPDCH according to the rules given below.

· When HS-DPCCH is not configured or HS-DPCCH does not use (Q, 256, 64), E-DPDCH is mapped on:

· Single-code transmission: cm+1-(m mod 2) or its sub-code

· n codes transmission: cm+1, …, cm+n for even m and cm, cm+2, cm+3, …, cm+n for odd m
· When HS-DPCCH uses (Q, 256, 64) where the maximum number of DPDCH is 1, E-DPDCH is mapped on:

· Single-code transmission: c3 or its sub-code

· n codes transmission: c3, …, cn+2
10.2
OVSF code allocation for E-DPCCH

E-DPCCH is mapped on (I, 128, 1).

10.3
OVSF code allocation for HS-DPCCH

If there is an associated DCH, HS-DPCCH code allocation is determined from the maximum number of legacy DPDCHs as in Rel-5.
In case of stand-alone E-DCH without an associate DCH, HS-DPCCH is mapped on (I, 256, 1).
----------------------------------- End of the text proposal -----------------------------------
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