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1 1. Introduction
The feature of carrier aggregation for UMTS was firstly introduced in Rel-8 as DC-HSDPA, and the evolution continues in Rel-9 as DC+MIMO and DC-HSUPA. In Rel-10, a new work item of 4-carrier HSDPA was approved in [1] at the last RAN plenary meeting, in which the following objectives were agreed:
Specify 3-4 cell HSDPA operation in combination with MIMO for the following scenarios:
The 3-4 carrier transmission only applies to HSDPA physical channels.

The carriers belong to the same Node-B.

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

The carriers within one band are configured to be adjacent.

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.

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

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.
We believe that we should try to introduce 4-carrier HSDPA within the current L2/3 architecture without significant changes, which should be considered as the basic principle in the follow-up discussions. In this contribution, we will outline some general considerations regarding the impact of 4-carrier HSDPA on user plane and control plane. 

2 
Possible impact of 4-carrier HSDPA
2.1 Control Plane
2.1.1 Secondary carrier definition

For DC-HSDPA, in total two carriers are aggregated together, where the carrier configured with HS-DPCCH is called serving HS-DSCH cell and the other carrier is called secondary serving HS-DSCH cell. With the introduction of 4-carrier HSDPA, the number of secondary carriers is increased to 2~3. Hence, in order to distinguish different secondary carriers,(e.g. carrier activation/deactivation through HS-SCCH order) it is necessary to investigate the definition of the carriers without HS-DPCCH configured. The following are two options
1) All the carriers without HS-DPCCH configured are named as secondary serving HS-DSCH cell and are indexed in the same order as it appears in the RRC messages (via each occurrence of Downlink Secondary Cell Information FDD), i.e. called as:
· serving HS-DSCH cell (primary);

· secondary serving HS-DSCH cell indexed as 0;

· secondary serving HS-DSCH cell indexed as 1;

· secondary serving HS-DSCH cell indexed as 2;

2) Every carrier without HS-DPCCH configured has its own name, according to the order that it appears in the RRC messages (via each occurrence of Downlink Secondary Cell Information FDD), i.e. called as:

· serving HS-DSCH cell (primary);

· secondary serving HS-DSCH cell;

· third serving HS-DSCH cell;

· fourth serving HS-DSCH cell;

We prefer the option 1, as it will introduce smaller impacts to the specification comparing with the option 2, and it has convenience in case of denotation for all the secondary carriers. The indexes for the secondary serving HS-DSCH cells will not be changed upon the reception of a HS-SCCH order to activate/deactivate one particular carrier, however the indexes will be re-organised upon the reception of a RRC message to add/remove one particular carrier.
Proposal 1: All the carriers without HS-DPCCH configured are named as secondary serving HS-DSCH cell and are indexed in the same order as it appears in the RRC messages (via each occurrence of Downlink Secondary Cell Information FDD).
2.1.2 Secondary carrier activation/deactivation
For 4-carrier HSDPA, HS-SCCH order is still a straight way to activate/deactivate the secondary carriers, a per-carrier based scheme can well satisfy the requirement, which will be discussed in [5] in detail.
If the issue raised in [2] is acknowledged by RAN1 and RAN2, in 4-carrier HSDPA in Rel-10, it is beneficial to do some further investigations regarding this issue, because along with the activation/deactivation of secondary carriers, the number of HS-DPCCH channel codes and the slot format of HS-DPCCH channels maybe need to be changed in addition to the adjustment of CQI/PCI feedback cycles, hence the performance degradation could be avoided.
Proposal 2: Do some further study regarding the adaptive PCI/CQI feedback cycle adjustment along with the secondary carrier activation/deactivation.
2.1.3 Mobility 

Mobility procedure

The mobility procedures for Rel-8 DC-HSDPA and Rel 9-DC-HSUPA/DC+MIMO are based on the measurement on the serving HS-DSCH cell, which is just based on the existing mobility scheme since Rel-6 except the definition of secondary active set for DC-HSUPA for the purpose of interference mitigation. For 4-carrier HSDPA in Rel-10, we believe we should take the current mobility procedures of Rel-8/ Rel-9 as the baseline and some enhancements could be considered if it is found necessary. 
Proposal 3: 4-carrier HSDPA should take the current mobility procedures of Rel-8/Rel-9 as the baseline, and some enhancements could be considered if it is found necessary.
Secondary carrier measurement

It is an optional capability for DC-HSDPA capable UE in Rel-8/Rel-9 to search the secondary carrier without the compressed mode. However, with the introduction of 4-carrier HSDPA in Rel-10, if UE still relies on compressed mode to search the secondary carriers, it will require much long gaps to do the inter-frequency measurement because of the increased number of secondary carriers that UE need to search, which will significantly degrade the downlink throughput. Hence it will be beneficial to make the UE capability of searching on the secondary carrier without the compressed mode as mandatory.
Proposal 4: Make the UE capability of searching on the secondary carrier without compressed mode as mandatory.
2.1.4 UE category design

In order to have a lower step from the requirements of DC plus MIMO to the requirements of 4C plus MIMO, some lower UE categories could be defined. Thus the time of on market for 4-carrier HSDPA capable UEs could be speeded up with lower peak data rate. 
We believe the current methodology should be maintained, where the category is not only defined by the peak data rate but also reflects the capability of UE, however, in order to avoid a large number of UE categories to reduce the complexity of network implementation and simplify the specification, the methodology of UE category design should be further investigated, which will be discussed in [3] in detail.
Proposal 5: Discuss the methodology of UE category design for 4-carrier HSDPA.
2.1.5 HS-SCCH less operation 

Given that the HS-SCCH less operation can decrease control information overhead for the traffic with lower data rate, it is necessary to continue supporting HS-SCCH less operation in 4-carrier HSDPA. Considering the possibility of the deactivation of the secondary carriers, it is preferred to restrict the HS-SCCH less operation on the primary carrier only, which is in line with the behavior of DC-HSDPA.

Proposal 6: Restrict the HS-SCCH less operation on the primary carrier only

2.1.6 DCH support 

For the DC-HSDPA in Rel-8, DCH support is restricted to the primary carrier only, however for the DC-HSUPA in Rel-9, the configuration of DCH is forbidden. For the 4-carrier HSDPA in Rel-10, we can not find any special reason to break the convention, in other words, in case of only one configured UL carrier, DCH support should be restricted to the primary carrier only, while in case of more than one configured UL carriers, DCH is not supported.
Proposal 7: DCH support is restricted to the primary carrier only when only one UL carrier is configured, while DCH is not supported when more than one UL carriers are configured.
2.1.7 CPC operation 

Given that a joint HSDPA scheduler will be applied for all the downlink carriers, thus one common UE DRX state machine is enough. For UE DTX state machine, since the uplink enhancement is not in the scope of 4-carrier HSDPA WI, the introduction of 4-carrier HSDPA will not call for further modification on the UE DTX operation (that is to say, there will be one UE DTX state machine per configured uplink carrier, which is in line with the behavior of Rel-9).

In 4-carrier HSDPA, CPC parameters can be common configured across carriers or configured on a per-carrier or per-band basis. However, we can not find any obvious gain with the carrier or band specific configuration for CPC parameters, except the additional signaling overhead and the increased complexity to the implementation. Thus, it is suggested that CPC parameters are common configured across all configured carriers.
Proposal 8: CPC parameters are common configured across all configured carriers, and there is only one common UE DRX state machine for all configured downlink carriers while there is one UE DTX state machine per configured uplink carrier. 
2.1.8 Number of HS-SCCH codes UE to monitor
In Rel-8 for DC-HSDPA, UE shall be able to monitor a maximum of 6 HS-SCCH codes across two downlink carriers per TTI. In Rel-10 for 4-carrier HSDPA, in order to increase the scheduling flexibility of the network, we think it is reasonable to double the number to 12, because:

· The UEs with low date rate traffics, i.e. CSoHSPA, consumes more HS-SCCH codes in the cell;

· The Rel-5/Rel-6 UEs requires to monitor the same HS-SCCH code in consecutive TTIs;

· The restriction of HS-SCCH codes exists for the scheduling of 64QAM UEs;

· The HS-SCCH codes will be used as HS-SCCH order for many other purpose, i.e. CPC, enhanced HS-DSCH serving cell change, secondary carrier activation/deactivation, etc;
Proposal 9: UE shall be able to monitor a maximum of 12 HS-SCCH codes across all downlink carriers in 4-carrier HSDPA in addition to 1 target cell HS-SCCH code for enhanced serving HS-DSCH cell change.
2.2 User Plane
2.2.1 RLC impacts
Assuming that RLC RTT is 70ms and RLC status prohibit timer is 40ms for high speed traffic, according to the formula as follow:

 RLC peak data rate = RLC PDU size*RLC window size/ (RLC RTT+ RLC status prohibit timer/2) 
We can get the RLC peak data rate of 273Mbps, which can satisfied the requirement of 172.8Mbps for 4-carrier HSDPA with 4-MIMO. However, as we know that RNC and Node B are two separated entities, as a result, although flexible RLC PDU size have been introduced in the downlink in Rel 7, from the implementation point of view, kind of “fixed” RLC PDU size still be a better choice, because RNC can’t adjust the RLC PDU size effectively based on the downlink channel condition. 
In order to reach the RLC peak data rate of 172.8Mbps, with the current RLC window size of 2048, the RLC PDU size will be at least 950 bytes. From the simulation result in [4], it can be seen that in case of bad channel condition (CQI=12), with the RLC PDU size of 950 bytes, the throughput suffers some degradation compared with the RLC PDU size of 300 bytes because of the increased number of HARQ segmentation.
One possible solution is to extend the RLC window size thus UE could archive the peak data rate of 172.8Mbps with smaller RLC PDU size. However, given that the extension of RLC window size will introduce extra complexity to UE and RNC, in addition, it will require extra effort to optimize the RLC parameters configured in the living network, it is desired to carefully study whether such a solution is of worth.
Proposal 10: Discuss whether the RLC window size should be extended to support the peak rate of 172.8Mbps for 4-carrier HSDPA.
2.2.2 MAC impacts
Similar to the work that already completed for DC-HSDPA in Rel-8, in order to extend the DL transmission to four carriers for 4-carrier HSDPA, the most simple and straightforward way is to extend the joint DL MAC buffer. The joint DL MAC buffer could be shared by all the four downlink carriers, each of them with an independent HARQ entity.
In order to alleviate the L2 processing effort of UE, for DC-HSDPA the number of reordering SDUs per TTI are restricted to 26. For DC-HSDPA combined with MIMO, the restriction is increased to 44. With the introduction of 4-carrier HSDPA, due to the increased DL peak data rate of 172.8Mbps, it is reasonable to increase the number of reordering SDUs per TTI to some extent. Thus smaller RLC PDU size could configured by the RNC in order to avoid the excess RLC retransmission. The exact number of reordering SDUs per TTI could be discussed later once it has been decided whether the RLC window size will be extended or not for 4-carrier HSDPA .
Proposal 11: Increase the limitation of number of reorder SDUs per TTI for 4-carrier HSDPA, the exact number could be discussed later once it is decided whether the RLC window size will be extended or not.
3 Conclusion
This contribution outlines some general considerations regarding the impact of control-plane and user-plane in order to support 4-carrier HSDPA operation. 
RAN2 is kindly asked to discuss and agree on the following proposals:
Proposal 1: All the frequencies without HS-DPCCH configured are named as secondary serving HS-DSCH cell and are indexed in the same order as it appears in the RRC messages (via each occurrence of Downlink Secondary Cell Information FDD).
Proposal 2: Do some further study regarding the adaptive PCI/CQI feedback cycle adjustment along with the secondary carrier activation/deactivation.

Proposal 3: 4-carrier HSDPA should take the current mobility procedures of Rel-8/Rel-9 as the baseline, and some enhancements could be considered if it is found necessary.
Proposal 4: Make the UE capability of searching on the secondary carrier without compressed mode as mandatory.
Proposal 5: Discuss the methodology of UE category design for 4-carrier HSDPA.
Proposal 6: Restrict the HS-SCCH less operation on the primary carrier only

Proposal 7: DCH support is restricted to the primary carrier only when only one UL carrier is configured, while DCH is not supported when more than one UL carriers are configured.

Proposal 8: CPC parameters are common configured across all configured carriers, and there is only one common UE DRX state machine for all configured downlink carriers while there is one UE DTX state machine per configured uplink carrier.
Proposal 9: UE shall be able to monitor a maximum of 12 HS-SCCH codes across all downlink carriers in 4-carrier HSDPA in addition to 1 target cell HS-SCCH code for enhanced serving HS-DSCH cell change.
Proposal 10: Discuss whether the RLC window size should be extended to support the peak rate of 172.8Mbps for 4-carrier HSDPA.
Proposal 11: Increase the limitation of number of reorder SDUs per TTI for 4-carrier HSDPA, the exact number could be discussed later once it has been decided whether the RLC window size will be extended or not.
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