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1 Introduction
RAN#46 initiated a work item on 4-carrier HSDPA operation [1] with the following objectives:

· Specify 3-4 cell HSDPA operation in combination with MIMO for the following scenarios:

a. The 3-4 carrier transmission only applies to HSDPA physical channels.

b. The carriers belong to the same Node-B.

c. The carriers are configured to be spread across 1 or 2 bands.

d. The carriers within one band are configured to be adjacent.

e. Identification of which limited number of combinations (including which combinations of numbers of downlink carriers per band in the dual-band case and which carriers use MIMO) that should be targeted is part of the work item. The combinations developed under this WI will be added to the WID in RAN#47.

f. 3-4 carriers HSDPA is independent of DC-HSUPA and thus it should be compatible with single UL carrier operation.

g. 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.

· Introduce the functionality in the relevant specifications of

a. UL and DL control channel structure 

b. L2/L3 protocols

b.1   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 

c. UTRAN network interfaces

d. UE RF core requirements with the work task breakdown 

In order to reduce UE RF combinations for the multi-band options, TSG RAN WG4 should as initial task identify a limited set of band combinations and number of carriers in each band to be covered in this WI and provide its findings to RAN#47 so that the supported band combinations and number of supported carriers per band can be added to the WID in RAN#47. The way of working and combinations identified for DB-HSDPA in Rel-9 should serve as a baseline for discussion for this WI. Secondarily, TSG RAN WG4 should study the feasibility of supporting operation of non-adjacent carriers within a single band arising from deactivation of configured carriers and report to RAN.

Work should address the following main areas:

· 3-4 carrier solutions configured adjacent in one band where MIMO operation is configured for zero, some or all carriers

· 3-4 carrier solutions across 2 bands where carriers on each band are configured adjacent and where MIMO operation is configured for zero, some or all carriers

· Operation of non-adjacent carriers within single band arising from the deactivation of one or more configured carriers should be supported if considered feasible by RAN4

This contribution outlines the protocol aspects of 4-carrier HSDPA (denoted “4C-HSDPA” or just “4C” below). It is expected that RAN2 discusses and decides only proposals in Section 3. There is a RAN1 companion contribution in [2].
2 RAN1 aspects
2.1 Downlink channel structure

The physical channel structure for 4C can re-use the solutions introduced in earlier releases to a large extent.

With DC-HSDPA operation, there is one primary serving cell (“serving HS-DSCH cell”) and one secondary serving cell (“secondary serving HS-DSCH cell”) mapped to the two carriers. Now there will be one primary serving cell and 2-3 secondary serving cells mapped to the 3-4 carriers. In each of these cells, there will be a set of up to 15 physical data channels (HS-PDSCHs) and a set of physical control channels (HS-SCCHs).
As in DC-HSDPA, the cells in 4C operation can be time aligned.
Proposal 1: All secondary serving cells are time aligned with the primary serving cell.
2.2 Number of monitored HS-SCCHs

In DC-HSDPA, a UE monitors max 4 HS-SCCHs per cell and max 6 HS-SCCHs in total. It can be argued that a multi-carrier UE ought to be able to monitor 4 HS-SCCHs in its primary serving cell since this is what a single-carrier UE supports and the multi-carrier UE with all its secondary serving cells deactivated should be able to support the same scheduling flexibility and performance as a single-carrier UE.
Furthermore, in order to be able to indicate all possible modulation schemes including 64QAM, the UE needs to monitor at least 2 HS-SCCHs per secondary serving cell (since the modulation scheme is partly indicated by the “HS-SCCH number”). This means that the UE ought to be able to monitor 4 HS-SCCHs in the primary serving cell and 2 HS-SCCHs in each one of the secondary serving cells, resulting in 4+2+2+2=10 HS-SCCHs in total in case of 4 cells.
In addition, if it is desired to achieve an overall scheduling flexibility on par with DC-HSDPA, it can be argued that the total number of HS-SCCHs should grow linearly with the number of cells. Four cells instead of two cells would then require 6+6=12 HS-SCCHs in total.
Proposal 2: The UE should be able to monitor up to 4 HS-SCCHs per cell but max 12 HS-SCCHs in total when configured with 4 carriers (max 9 HS-SCCHs in total when configured with 3 carriers).
2.3 Feedback channel structure

4C-HSDPA operation should be supported in combination with 1-2 carriers configured in uplink. This means that it must be possible to map the HSDPA feedback channel (HS-DPCCH) onto a single uplink carrier.

The HS-DPCCH subframe structure used in all earlier releases consists of a 1-slot HARQ-ACK field followed by a 2-slot CQI field. Changing this subframe structure could have significant impact on e.g. HARQ protocol timing budget, CQI measurement period and DTX/DRX pattern definitions. Therefore we think that the subframe structure should be kept unless there are strong reasons to do otherwise.
Proposal 3: The HS-DPCCH subframe structure with a 1-slot HARQ-ACK field followed by a 2-slot CQI field should be kept.

In earlier releases, it has been possible to map all HARQ-ACK and CQI/PCI information to a single HS-DPCCH code with spreading factor (SF) 256. We assume that 4C will increase the amount of feedback information to a point where a single SF256 will no longer be enough. It is reasonable to assume that the amount of feedback information that needs to be handled will be doubled compared to Rel-9 DC-HSDPA-MIMO. In our view, the minimum CQI feedback cycle can be the same as in Rel-9 DC-HSDPA-MIMO, i.e. 4 ms.
Proposal 4: The minimum CQI feedback cycle is 4 ms (same as in Rel-9 DC-HSDPA-MIMO).

In our view, the most attractive solutions for 4C is to either go down from SF256 to SF128 or to use two I/Q multiplexed HS-DPCCHs with SF256 and the same channelization code. In both these cases, it will be possible to despread the HS-DPCCH(s) in Node B using a single despreader. Other solutions, where two SF256 are mapped to different channelization codes, would require two despreader operations instead of just a single one in the Node B receiver.
Proposal 5: The HS-DPCCH information is mapped to a single channelization code – either on a single SF128 or two I/Q multiplexed SF256 with the same channelization code.
It has been shown [6] that solutions with two I/Q multiplexed HS-DPCCHs mapped to the same channelization code may result in a relatively large cubic metric and hence require a relatively large power back-off. The solution with a single HS-DPCCH with SF128 should not have these problems. It is expected that the solution with a single SF128 should result in a similar cubic metric as with a single SF256, although further study would be needed before final conclusions can be drawn. Anyhow, the SF128 solution will probably result in fewer unpleasant surprises than the 2xSF256 solution.

Proposal 6: The HS-DPCCH information is mapped to a single SF128.

2.4 DCH support
It is an open question whether the combination of DCH and 4C should be allowed. In Rel-8/9, DCH is allowed in combination with DC-HSDPA but not in combination with DC-HSUPA. If it is agreed to map all feedback information to a single HS-DPCCH, support of DCH will not have any significant impact on the L1 protocol specifications.

Proposal 7: RAN1 indicates to RAN2 and RAN4 that there is nothing from L1 protocol point of view that prevents supporting the combination of DL/UL DCH and 4C if this would be desired.
2.5 Carrier (de)activation

In Rel-8/9, the secondary downlink carrier and the secondary uplink carrier can be (de)activated using HS-SCCH orders transmitted in any of the serving cells. It is not yet decided whether Rel-10 will support deactivation of centre carriers but according to the WID 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. Therefore we believe that the new HS-SCCH orders should be designed in a way that supports (de)activation of individual carriers, regardless of their position relative to the other carriers.
Proposal 8: The HS-SCCH orders should allow for (de)activation of individual secondary downlink carriers.

If it can be done without any significant drawbacks, the specification of the new HS-SCCH orders could also take height already in this release for (de)activation of up to four carriers in uplink (4C-HSUPA) in order to minimize the need for a completely different HS-SCCH order solution for 4C-HSUPA compared to 4C-HSDPA.
Proposal 9: If it can be done without any significant drawbacks, the HS-SCCH orders should allow for (de)activation of up to three individual secondary uplink carriers as well.
Rel-8/9 DC operation with the secondary carrier deactivated results in similar uplink control channel overhead and similar uplink coverage as in the Rel-5/6/7 single-carrier case. It is desired that also 4C operation with all secondary carriers deactivated gives similar uplink coverage as single-carrier operation.

Proposal 10: The uplink coverage when all secondary carriers are deactivated should be comparable to the uplink coverage in single-carrier operation.

2.6 Dual-band operation

Rel-9 dual-band DC-HSDPA is identical to Rel-8 single-band DC-HSDPA from L1 point of view. For Rel-10, we may want to consider some possible optimizations for the dual-band case.

In Rel-8/9 DC operation, UE DTX is performed per carrier but UE DRX is performed jointly over both carriers. This means that the UE may transmit on 0, 1 or 2 uplink carriers at a given point in time, but it receives either both or none of the downlink carriers, never only one of them. In case of dual-band operation, it can be assumed that the UE will need two power-consuming receiver RF chains in order to receive two bands. In case of low data activity, the UE may be able to save battery by switching off one of its two receivers. This would require the UE DRX functionality to be band specific, or carrier specific if this is simpler from specification point of view.
Proposal 11: It is FFS whether the UE DRX functionality and/or UE DRX cycle should be common or carrier-specific.
In case the two bands have a significant band separation, the channel coherence time will be different in the two bands. Then it may be beneficial to be able to specify two different CQI feedback cycles, one for each band, or one for each carrier if this is simpler from specification point of view. This may be especially true if MIMO is only used in some bands or some carriers, since it may be particularly beneficial with a high CQI/PCI feedback rate for MIMO carriers compared to non-MIMO carriers.

Proposal 12: It is FFS whether the CQI feedback cycle should be common or carrier-specific.

3 RAN2 aspects
During Rel-9 work, the current link layer protocols have been extended to support data rates obtainable with 4 carriers and MIMO. The maximum sustainable data rate of RLC can be obtained by transmitting full window (2047 PDUs of 1500 bytes) in one RLC round trip time. Even assuming relatively large RLC round trip times (e.g. 50-100 ms) allows data rates exceeding 4-carrier operation. This also means that the maximum data rates of 4-carrier operation can be obtained with an RLC PDU size smaller than 1500 bytes. Also the reordering depth has been increased to allow reordering depth of 128, which is sufficient for 4-carrier operation with MIMO (i.e. 8 simultaneous HARQ processes per TTI). Based on this, we conclude that no changes to L2 protocols are needed to support 4 carriers with MIMO.

Proposal 13: No changes to L2 protocols are needed to support 4 carriers with MIMO.

Based on work done for Rel-9, no need to enhance the mobility procedures for additional downlink carriers is foreseen. It is proposed to assume that the existing events are sufficient also for 3-4 carrier operation, unless a significant performance gain can be shown.

Proposal 14: No changes to existing mobility procedures are needed to support 3-4 carriers with MIMO.
The Rel-8 Dual Cell operation supports a configuration with simultaneous DCH and Dual Cell operation. As indicated in Section 2.4, there are no restrictions from RAN1 point of view why such a configuration could not be supported if it is agreed to map all feedback information to a single HS-DPCCH. From RAN2 point of view, supporting DCH operation with 4-carrier operation reduces the need to handle different releases differently. We propose that DCH operation with 4-carrier operation is supported in Rel-10.
Proposal 15: The combination of DL/UL DCH and 4C is supported.

The main impact of the 3-4 carrier operation on RAN2 specification is signalling of the UE capabilities and configuration of UE operation for multi-carrier operation. 
4 Conclusions
Proposal 1: All secondary serving cells are time aligned with the primary serving cell.
Proposal 2: The UE should be able to monitor up to 4 HS-SCCHs per cell but max 12 HS-SCCHs in total when configured with 4 carriers (max 9 HS-SCCHs in total when configured with 3 carriers).
Proposal 3: The HS-DPCCH subframe structure with a 1-slot HARQ-ACK field followed by a 2-slot CQI field should be kept.
Proposal 4: The minimum CQI feedback cycle is 4 ms (same as in Rel-9 DC-HSDPA-MIMO).
Proposal 5: The HS-DPCCH information is mapped to a single channelization code – either on a single SF128 or two I/Q multiplexed SF256 with the same channelization code.
Proposal 6: The HS-DPCCH information is mapped to a single SF128.
Proposal 7: RAN1 indicates to RAN2 and RAN4 that there is nothing from L1 protocol point of view that prevents supporting the combination of DL/UL DCH and 4C if this would be desired.
Proposal 8: The HS-SCCH orders should allow for (de)activation of individual secondary downlink carriers.
Proposal 9: If it can be done without any significant drawbacks, the HS-SCCH orders should allow for (de)activation of up to three individual secondary uplink carriers as well.
Proposal 10: The uplink coverage when all secondary carriers are deactivated should be comparable to the uplink coverage in single-carrier operation.
Proposal 11: It is FFS whether the UE DRX functionality and/or UE DRX cycle should be common or carrier-specific.
Proposal 12: It is FFS whether the CQI feedback cycle should be common or carrier-specific.
Proposal 13: No changes to L2 protocols are needed to support 4 carriers with MIMO.
Proposal 14: No changes to existing mobility procedures are needed to support 3-4 carriers with MIMO.
Proposal 15: The combination of DL/UL DCH and 4C is supported.
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