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1.
Introduction

The RAN meeting #46 approved a new work item tasking the working groups to specify 3-4 cell HSDPA operation in combination with MIMO ‎[1]. Work item has been progressing quite well in RAN1 and even CR drafting was started in RAN1 #61. This contribution discusses a few quite detailed open issues related to specifying the feature of 4-carrier HSDPA.
2.
Discussions and Proposals
2.1
HS-DPCCH design

The consolidated proposals for the 4C-HSDPA HS-DPCCH design were documented in the draft RAN1#61 meeting minutes as follows [5]:
Proposal:

· Adopt SF128 for HS-DPCCH for all cases when 3 or 4 carriers are configured

· Channelisation code is Cch128,16 if Nmax_dpdch = 0 and Cch128,32 if Nmax_dpdch = 1

· A DTX codeword is included in the ACK/NACK codebook.

· The DTX codeword is the POST codeword

· Changing transmission power in the middle of an uplink slot due to half slot ACK/NACK transmission shall be avoided 

· The ACK/NACK and CQI/PCI information is remapped and repeated when only 1 or 2 carriers remain activated.

· Upon (de)activation of carriers to/from 1 or 2 active carriers, the HS-DPCCH power offsets are set to different power settings relative to before the HS-SCCH order.

· Information corresponding to primary carrier is never remapped

· Timing of HS-DPCCH changes corresponding to (de)activation relative to HS-SCCH order follows same timing rules as in Rel-8/9

· Consider measures for ensuring reliability:

· The HS-DPCCH power offset (ΔACK) is boosted by an additional amount (FFS) when an acknowledgement is sent in response to a carrier (de)activation HS-SCCH order.

· Upon (de)activation of carriers, the UE applies a boost to the HS-DPCCH power offsets (ΔACK, ΔNACK, ΔCQI) for a small period of time of the order of subframes (FFS).

· A Rel-10 3C/4C-HSDPA UE, when configured with single or dual cells with or without MIMO should use the legacy HS-DPCCH physical layer design (channel coding, spreading factor, modulation, CQI reporting) as specified in previous releases (Rel-5 through Rel-9).

The minimum CQI feedback cycle is 4 ms for all cases when 3 or 4 carriers are configured.
Case of 3C configured w/o MIMO is FFS until RAN1#61bis:

· Alt 1: SF128

· Alt 1a: Re-use Rel-9 codebook

· Alt 1b: New codebook

· Alt 2: SF256

· Alt 3: SF128 except for UEs of a category limited to 3C w/o MIMO

· Choice of codebook FFS
The HS-DPCCH design framework for 4 carriers or 3 carriers with MIMO has already been resolved, and the main remaining open issue is related to the 3-carrier HSDPA without MIMO. Analysis contributed to RAN1#61 [4] evaluated the benefits and drawbacks of specific HS-DPCCH design for 3-carrier non-MIMO configuration.

The real life system level benefits of the completely 3-carrier non-MIMO configuration specific HS-DPCCH design (a parallel HS-DPCCH mode for the case where 4 carriers were configured, but one of them deactivated) seem to be limited and lead to additional special case design choices when carriers get deactivated. However the added implementation complexity is apparent, when a parallel implementation capable of serving this configuration exists.
Hence we have the following two proposals:
Proposal 1: Use the same HS-DPCCH design for 4C-HSDPA configuration when one carrier is deactivated, and for 3C-HSDPA when all three carriers are active, for both MIMO and non-MIMO cases

Proposal 2: Adopt the proposals from the RAN1#61 meeting minutes highlighted with yellow colour in this contribution
2.2
HS-DPCCH power offsets

In Rel-7 – Rel-9 the dynamic adaptation of the HARQ-ACK transmission power is based on the assumption that the signalled values for and ACK and NACK are optimized for the single carrier non-MIMO HARQ-ACK and CQI, i.e. the configuration parameters optimized for Release 5 ACK, NACK and CQI can be used as-is for MIMO/DC-configurations. In 4C-HSDPA and SF128 HS-DPCCH this seems to lead to a static offset to be applied always when comparing to the Rel-5 – Rel-9 assumption. The main question is that whether the RNC includes the static offset when providing the UE with a 4C-HSDPA configuration, or whether the specifications define this to be done by the UE.
Proposal 3: The Rel-5 – Rel-9 signalling values for ACK, NACK and CQI are used as basis for the dynamic 4C-HSDPA HARQ-ACK and CQI power settings

2.3
HS-DPCCH encoding

The 4 carrier configuration with MIMO was already agreed to use HARQ-ACK and PCI/CQI encoding as defined for DC-HSDPA + MIMO in Rel-9.
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Figure 1 HS-DPCCH coding for 4 carriers with MIMO.
The 4 carrier configuration without MIMO would naturally fall to using the encoding used in DC-HSDPA in Rel-8, but there does not seem to be a clear agreement to this.
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Figure 2 HS-DPCCH coding for 4 carriers without MIMO.
Taking the above two cases as baseline on top of the Rel-9 specifciations we see two basic encoding options for 3-carrier configurations. For HARQ-ACK, the first half-slot would be encoded with two carriers’ HARQ-ACK as in 4 carrier case, and the second half-slot could either also use the same approach and always use a DTX code word for the 4th (not configured) carrier, or use Rel-5 encoding for non-MIMO and Rel-7 encoding for MIMO, where the single carrier’s HARQ-ACK fills the full half-slot. Actually both methods lead to similar end result when the receiver knows that one of the carriers is always indicating DTX.
Similarly for CQI we could either DTX the one not needed CQI field, or repeat one of the CQIs. In this case it would appear more desirable to simply DTX the not needed CQI field than spread the transmit energy over time.

Proposal 4: For HARQ-ACK, the first half-slot should be encoded with two carriers’ HARQ-ACK as in 4 carrier case, and the second half-slot should use the same approach and always use a DTX code word for the 4th (not configured) carrier
Proposal 5: The CQI field that is not needed should be in DTX
2.4
Parallel HS-SCCH orders
The Release 8 DC-HSDPA defines that the UE shall be able to receive one HS-SCCH order in each cell in one TTI. In case of 4C-HSDPA the expectation is that any activation/deactivation status change can be achieved with a signle order, [6] and hence there should be no need to be able to send more orders in parallel than is possible in Release 8/9. Further discussion on whether there should be an explicit limitation to the number of parallel HS-SCCH orders is encouraged.
-
The UE shall be able to receive up to one HS-DSCH or HS-SCCH order from the serving HS-DSCH cell and up to one HS-DSCH or HS-SCCH order from the secondary serving HS-DSCH cell simultaneously. However, HS-SCCH-less HS-DSCH transmission shall not be used in a secondary serving HS-DSCH cell. The UE behaviour is unspecified in case contradictory HS-SCCH orders (i.e. orders for activation and deactivation of the same functionality) are received from the serving HS-DSCH cell and the secondary serving HS-DSCH cell during the same subframe.

Proposal 6: Possible explicit limitation to the number of parallel HS-SCCH orders should be discussed
3
Conclusions
Proposal 1: Use the same HS-DPCCH design for 4C-HSDPA configuration when one carrier is deactivated, and for 3C-HSDPA when all three carriers are active, for both MIMO and non-MIMO cases
Proposal 2: Adopt the proposals from the RAN1#61 meeting minutes highlighted with yellow colour in this contribution
Proposal 3: The Rel-5 – Rel-9 signalling values for ACK, NACK and CQI are used as basis for the dynamic 4C-HSDPA HARQ-ACK and CQI power settings

Proposal 4: For HARQ-ACK, the first half-slot should be encoded with two carriers’ HARQ-ACK as in 4 carrier case, and the second half-slot should use the same approach and always use a DTX code word for the 4th (not configured) carrier
Proposal 5: The CQI field that is not needed should be in DTX
Proposal 6: Possible explicit limitation to the number of parallel HS-SCCH orders should be discussed
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