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1          Introduction

In the previous RAN1#60bis meeting, it is agreed that SF128 is used for HS-DPCCH when 3 or 4 carriers are configured.  The HS-DPCCH design due to changes in the number of activated carriers was narrowed down to four alternative solutions and they are as follows:

Alt 1: 

· SF128 for all cases of 3C or 4C configured; 

· SF256 for all cases of <3 C configured

Alt 2: 

· SF128 for at least the following cases:

· 3/4C activated with MIMO configured on 1 or more activated carriers

· SF256 for cases with less than 3 carriers activated

· Other activation/deactivation cases FFS

Alt 3: 

· SF128 for at least the following cases:

· 3/4C activated with MIMO configured on 1 or more activated carriers

· SF256 for cases with less than 3 carriers activated

· Other activation/deactivation cases FFS

· Activations / deactivations that would require a change of SF constrained to radio frame boundaries

Alt 4: 

· Use SF128 for all cases with coding and bit interleaving such that when pairs of HS-DPCCH bits are the same the transmitted chips are the same as SF256

This T-doc discusses these options and proposes a solution.
2          Discussion
The alternative solutions revolve around the use of dynamic spreading factor on the HS-DPCCH depending on the number of activated carriers.  These solutions can be divided as in Table 1.
Table 1: Alternative solutions for HS-DPCCH design

	
	Fixed SF
	Semi Dynamic
	Dynamic SF

	Solution
	Alt 1
	Alt 4
	Alt 2, Alt 3

	NB SF
	SF128 regardless of the number of activated carriers
	SF128 regardless of number of activated carriers. Additional interleaving used after despreading
	SF128 for ( 3C + MIMO

SF256 for < 3C

Changes of SF at frame boundary (Alt 3)
SF256 for 3C without MIMO is FFS

	UE SF
	SF128 regardless of the number of activated carriers
	SF128 for ( 3C + MIMO

SF256 for < 3C

SF256 for 3C without MIMO is FFS
	SF128 for ( 3C + MIMO

SF256 for < 3C

Changes of SF at frame boundary (Alt 3)
SF256 for 3C without MIMO is FFS



[image: image1.emf] 

NB  

UE  

  

HS - DPCCH symbols  

Chn(256,128)   10101010…101010  

256 chips  

Chn(128,64)   10101010…101010  

128 chips  

A B C D  

A A B B C C D D  

De - spreader  

Interleaving /  Interverter  

A B C A B C  


Figure 1: Alternative 4 - semi dynamic SF
We start by looking at the semi-fixed solution in Alt 4 with a possible implementation shown in Figure 1.  Here, the UE uses dynamic SF whilst the NB only de-spreads with SF128 but performs an interleaving and inverter (depending on the channelization code used) function on the output of the de-spreader.  The output of the interleaver (and inverter) becomes a 2( repetition of HS-DPCCH, which can be soft combined.  Although this avoids having a dynamic change of de-spreader at the NB, it introduces an additional interleaver/ inverter function at the NB.  This additional function requires the knowledge of the SF and channelization code used at the UE to determine which symbol to invert and how the interleaving is performed.  This does not reduce any complexity at the NB compared to the use of dynamic SF (Alt 2 and Alt 3).  
In Alt 3, the change in SF is performed at the radio frame boundary.  This is to avoid having to change SF of HS-DPCCH whilst decoding the DPCCH.  The activation/deactivation of secondary carriers at the UE takes 12 slots, in which no HSDPA transmission is made to the UE during the configuration period.  If the change of SF needs to be made at the radio frame boundary, then the HS-SCCH activation/deactivation order, that requires SF change, needs to be sent at the frame boundary so that it leaves 12 slots, before the start of the next radio frame, for the UE to configure its secondary carriers.  Alternatively, the HS-SCCH activation/deactivation order that requires SF change can be made at any subframe but this would require that the UE wait beyond 12 slots to operate with the new configuration.  In the worst case, if the HS-SCCH order is sent at the 2nd subframe, the UE may require 24 slots (doubling the initial requirement of 12 slots) before it could start operating in the new secondary carrier configuration.
The additional interleaver/inverter function in Alt 4, and the HS-SCCH order restriction and UE configuration delay in Alt 3, offer no additional gain and are not needed in Alt 1 and Alt 2.  Hence, we should preferably consider Alt 1 or Alt 2.

The use of SF256 offers larger spreading gain than SF128.  However exactly the same spreading gain in using SF256 can be obtained in SF128 via repetition.  For example, if C2 and C3 are deactivated from a 4C configuration, the HS-DPCCH to carrier can be remapped such that the active C1 and C4 carriers are treated as the two carriers in DC-HSDPA and this information can be repeated within the SF128 format.  Since dynamic HS-DPCCH mapping is also required in SF256 due to carrier activation/deactivation, there is no change in complexity. 
Given that there is no significant gain in using either Alt 1 or Alt 2, other aspects need to be considered.  In [1], Alt 1 with a fixed SF is preferred due to simplicity and robustness of the solution.  However, it is argued in [2] that using Alt 2, with dynamic SF, would avoid having two HS-DPCCH formats to feed back the same number of carriers (up to two) and that Rel-8 and Rel-9 formats can be reused.  It is further argued that a change in SF is required when a UE moves from 4C-HSDPA cell to one that supports (Rel-8/9) DC-HSDPA only.  However, in the later case, there is no dynamic change in HS-DPCCH SF for the Rel-8/9 DC-HSDPA NB.  Since it is simpler to use a fixed SF128 and that there is no difference in gain in using SF256, it is proposed to use Alt 1 (i.e. fixed SF128) for HS-DPCCH design.
Proposal 1: Use SF128 for HS-DPCCH when 3 or 4 carriers are configured regardless of the number of activated secondary carriers.

A dynamic HS-DPCCH to configured carrier remapping should be performed followed by a repetition of the HS-DPCCH information when the number of activated carriers falls below 3.  This is to maintain the same coverage as that in SF256 in Rel-8 and Rel-9 DC-HSDPA.  
Proposal 2: Dynamic HS-DPCCH to configured carrier remapping is used due to activation/deactivation of secondary carriers.

Proposal 3: The HS-DPCCH information shall be repeated when the number of activated carriers is less than 3.

3          Conclusion

The four alternative solutions are discussed in this T-doc and the follow are proposed:

Proposal 1: Use SF128 for HS-DPCCH when 3 or 4 carriers are configured regardless of the number of activated secondary carriers.

Proposal 2: Dynamic HS-DPCCH to configured carrier remapping is used due to activation/deactivation of secondary carriers.

Proposal 3: The HS-DPCCH information shall be repeated when the number of activated carriers is less than 3.
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