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Discussion/Decision
1 Introduction
During RAN1#58bis, 4 carrier HSDPA was discussed and the following assumptions were taken
· DL carriers will not be spread across more than 2 bands

· Single band operation is also included

· All DL carriers are from the same node B
· From RAN1 point of view, the nominal transmit frame timing of all downlink carriers is assumed to be aligned

Further, during RAN1#59, the following conclusions were adopted: 
· MC-HSDPA and DC-HSUPA configuration should be able to be independent. 

· The number of uplink carriers should be independent of the number of downlink carriers

· It is not precluded to take into account in the design of HS-DPCCH the possibility to use multiple UL carriers in a “future” release. 

· The pairing of the primary uplink and primary downlink should be maintained as in Rel.8 and Rel.9

· Transmit diversity and MIMO should be configurable per carrier, up to a maximum of all the configured carriers

· Each carrier has its own HS-SCCH.

· HS-DPCCH is always sent on the primary uplink carrier.

Further, according to the revised WID at RAN#46, 

· Functionality currently defined for DC-HSDPA in combination with MIMO, DC-HSUPA and DB-HSDPA should be re-used unless non-re-use can be justified by clear benefits, and 
· The Layer 1/2/3 protocols shall be designed in such a way that they would not require changes to support non-adjacent channels in same band

Based on the agreements above, we discuss HS-DPCCH signalling and provide a proposal for HS-DPCCH.
2 Proposed HS-DPCCH design

As discussed in [3], we believe that 2xSF256 is the most flexible approach for the HS-DPCCH design for 4C-HSDPA. This has the following important advantages:

i) It enables full re-use of existing HS-DPCCH formats and codebooks already defined in Release 9;

ii) It is consistent with the agreement from RAN1#59 that “It is not precluded to take into account in the design of HS-DPCCH the possibility to use multiple UL carriers in a “future” release”. The 2xSF256 approach would allow straightforward adjustment to put one of the codes on a different carrier if this were to be desired in the future (e.g. for situations where carriers are in different bands with significantly different coverage areas. 

We would therefore like to propose the following for HS-DPCCH design (some relevant cubic metric evaluations can be found in [4]):
1) To support 3 or 4 DL carriers HS-DPCCH uses the formats and codebooks defined in release 9
a. Single cell no MIMO

b. Single cell with MIMO

c. Dual cell no MIMO 
d. Dual cell with MIMO on at least one HS-DSCH cell
2) Code multiplexing is used to multiplex HS-DPCCH information related to the 3 or 4 carriers

a. 3 carriers are considered as 2 +1 (i.e. one HS-DPCCH with format c or d plus one with format a or b)

3) When the 3 or 4 carriers belong to the same band only one carrier is used to send uplink feedback.
In the next section, we discuss the grouping of HS-DPCCH information on SF=256 

3 Grouping of HS-DPCCH information on codes used for UL feedback

In DC-HSDPA, a primary HS-DSCH cell and a secondary HS-DSCH cell are defined. The extension of this approach to the 4C case would mean that we have a serving cell (C1), a secondary serving cell (C2), a tertiary serving cell (C3) and a quaternary serving cell (C4) rather than a serving cell and 3 secondary serving cells. 

For 4C-HSDPA, independent (de-)activation per carrier should be possible. e.g. assuming we have C1, C2, C3, C4 (where C1 is the serving cell, C2 is the secondary, etc) C2 and C3 could be de-activated.

Then we can envisage various possibilities for how to map the information to HS-DPCCHs, e.g:

1. mapping corresponds to the configured number, i.e. C1 and C2 to the first HS-DPCCH, C3 and C4 to the second HS-DPCCH, regardless of activation status. However, this would result in 2 separate HS-DPCCH codes when 1 would suffice. 

2. mapping corresponds to activated cells, i.e. C1 and C4 would be mapped to the same HS-DPCCH in this example (e.g. by defining a rule that the lowest-numbered 2 active cells are mapped to the first HS-DPCCH) etc.
3. mapping takes into account which band the corresponding cell is in, giving priority to putting feedback for cells in the same band onto the same HS-DPCCH; 2 possible solutions for this could be envisaged:
3.1 map the lowest-numbered 2 active cells from the same band to the same HS-DPCCH, and any other active cells to the other HS-DPCCH, or.

3.2 Alternatively to avoid having 2 codes when only 2 cells from 2 different bands are active, active cells in different bands could be mapped to the same HS-DPCCH if there are no active cells from the same band. Note that this would only happen when the 3 or 4 carriers span 2 different bands but this would still mean the UE and node B will need to adapt to a change in HS-DPCCH format
We believe RAN1 should adopt 2 and discuss 3.1 vs 3.2 for the multi-band case taking into account cubic metric evaluation and UE/node B complexity.
4 Conclusion
It is proposed to agree on the design proposed in section 3:
1) To support 3 or 4 DL carriers HS-DPCCH uses the formats and codebooks defined in release 9

a. Single cell no MIMO

b. Single cell with MIMO

c. Dual cell no MIMO

d. Dual cell with MIMO on at least one HS-DSCH cell
2) Code multiplexing with 2xSF256 is used to multiplex HS-DPCCH information related to the 3 or 4 carriers

e. 3 carriers are considered as 2 +1 (i.e. one HS-DPCCH with format c or d plus one with format a or b)

3) Mapping of HS-DSCH cells to HS-DPCCHs is in terms of activated cells rather than configured cells

4) Cells in the same band are mapped to the same HS-DPCCH first. 

a. It is proposed to further discuss the details of the grouping according to options 3.1 and 3.2 in section 3.
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