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Discussion/Decision
1 Introduction
During RAN1#59bis, it was agreed to continue discussion on HS-DPCCH design and decide between SF=128 and 2*SF=256 at RAN1#60.
It was also agreed to continue discussion on whether

· optimisations are needed for special cases like e.g. 3 carriers
· HS-DPCCH transmission can be adapted depending on activation status of downlink carriers to maximise uplink efficiency, including whether Rel-9 format is used in case of only 2 carriers being activated.

In this document we provide our view regarding these open issues and further discuss HS-DPCCH design.
2 Proposed HS-DPCCH design

In line with [3], HS-DPCCH design for 4C-HSDPA should re-use the existing coding schemes defined in release 9. However considering the cubic metric results presented in [1]-[2], we now consider that SF=128 is the best approach for the mapping of the encoded information onto the physical channel.
More precisely, as explained in previous documents ([3], [5]), the encoding of HS-DPCCH information should be done based on the existing channel coding schemes
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
We do not believe that there is significant benefit in defining new codebooks for 3C- or 4C-HSDPA, and in line with previous agreements existing functionality should be re-used unless non-reuse can be justified by clear benefits. 
By reusing existing codebooks as above, the channel coding operation results in 2 codewords depending on the grouping of the corresponding information.

The two codewords then have to be mapped to the available physical channel bits. 

We propose to interleave the two codewords to maximise diversity and coding gain rather than doing a serial mapping onto the physical channel.
It is proposed to do a straightforward alternate interleaving, mapping each bit from a codeword to every other physical channel bit,  mapping the resulting interleaved bits onto the code channel.

Regarding, the adaptation of HS-DPCCH transmission to the activation/de-activation status, it was suggested in RAN1#59bis to fall back to SF=256 when the number of active carriers falls to 2. 
If we consider cubic metric alone, the performance of SF128 can actually be better than SF256 [1]. Moreover, there is no difference in transmit Eb/No requirement, because the codeword bits can be repeated, enabling a 3dB reduction in transmitted power to the same level as would be used for a single SF256 code. Further, since there is no OVSF code shortage in the UL, we see no strong reason to fall back to SF256 operation. Maintaining SF128 transmission also avoids dynamic SF switching as carriers are activated and deactivated. 
So it seems quite beneficial from a performance and node B complexity point of view, to use SF=128 for HS-DPCCH  whenever 3C or 4C HSDPA is configured, regardless of the activation status.
The main drawback with this proposal is that it does not maintain backwards compatibility with release 9 dual cell HSDPA in case 3 or 4 downlink carriers are configured and only 1 or 2 are active. As a consequence release 9 and release 10 UEs would have slightly different performance when operating with 2 active downlink HSDPA cells depending on whether it is a release 9 dual cell operation or a 4C HSDPA operation with only 2 active carriers out of 4. 

On the other hand, still maintaining backwards compatibility with release 9 dual cell HS-DPCCH design also has some consequences as it means the node B will have to adapt to a dynamic change of SF as carriers are activated and de-activated. In dual cell HSDPA the node B has to adapt to a change in channel coding scheme depending on whether 1 or 2 carriers are active and the delay for adapting to this change is 12 slots after the reception of the HS-SCCH subframe delivering the order. In the case of 4C HSDPA, a similar delay should be studied for the UE processing, as well as possibly a maximum frequency for carrier activation and de-activation (e.g. no more than once every 10ms) if it is assumed that the node B will have to support the dynamic change of SF.

In view of the above it is proposed that RAN1 agrees on SF=128 for HS-DPCCH when 3 or 4 carriers are configured and active and further discusses the case of only 1 or 2 carriers being activated to chose between the 2 options proposed

· Keep SF = 128 and avoid dynamic SF switching

· Fallback to release 9 dual cell HSDPA operation with SF=256

3 Grouping of HS-DPCCH information for UL feedback

In DC-HSDPA, a primary HS-DSCH cell and a secondary HS-DSCH cell are defined. For 4C HSDPA, it was agreed to consider the 3rd and 4rd configured carriers as additional secondary carriers.
For 4C-HSDPA, independent (de-)activation per carrier is possible. e.g. assuming we have C1, C2, C3, C4 (where C1 is the serving cell, C2, C3, C4 are the secondy serving cells  in the order they were e.g. configured in RRC)  The following discusses the possible grouping options when the 4 carriers are active or only 3 out of 4 are active. The grouping is done  before channel coding of HS-DPCCH information according to channel coding schemes a, b, c, d listed in section 2) e.g:

1. grouping corresponds to the configured number, i.e. C1 and C2 are coded together, C3 and C4 . 
a) When only 3 carriers are active grouping is done regardless of activation status. If e.g. C2 is de-activated, this would result in C1 alone, C3 and C4 together
b) When only 3 carriers are active, grouping is done according to activated cells, i.e. If C2 is de-activated, C1 and C3 would be coded together according to coding scheme c or d  (e.g. by defining a rule that the lowest-numbered 2 active cells are coded together before codeword interleaving and physical channel mapping) , C4 alone.
2. grouping takes into account which band the corresponding cell is in, giving priority to channel coding together the feedback for cells in the same band; this results in the following rule: group the lowest-numbered 2 active cells from the same band before channel coding , and encode separately any other active cells. 
It is proposed that RAN1 adopts 2.
4 Conclusion
It is proposed to agree on the design proposed in section 3:
1) SF = 128 is used for the HS-DPCCH, at least when 3 or 4 carriers are active out of 3 or 4 configured carriers. 
2) To support 3 or 4 DL carriers HS-DPCCH uses the coding schemes 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
3) The two resulting codewords are interleaved before channel mapping

a. a simple alternate-bit mapping is used

4) Grouping of HS-DSCH cells to HS-DPCCH is in terms of activated cells rather than configured cells

5) HS-DPCCH feedback Information corresponding to cells in the same band are grouped and encoded together first. 

It is proposed to further discuss the SF configuration for the case when only 1 or 2 carriers are active, and choose between
I. HS-DPCCH SF = 128 is used also when 1 or 2 carriers are active; this allows to avoid dynamic SF switching when activating/de-activating the configured carriers and offers better performance from a cubic metric perspective

II. Release 9 HS-DPCCH SF= 256 is used when only 1 or 2 carriers are active, this preserves backwards compatibility with dual cell HSDPA but has some impacts on the node B complexity to support dynamic switching. In this case, the delay to adapt to a dynamic change of HS-DPCCH SF is FFS as well as the notion of a maximum update rate (e.g. once per 10ms).
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