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Discussion
1. Background
At RAN#50 the Work Item on Eight Carrier HSDPA was agreed to specify 5-8 carrier HSDPA operation in combination with MIMO. In this contribution, we provide our high level considerations on the design for 8C-HSDPA.
2. Potential scenarios for 8C-HSDPA
According to the 8-carrier HSDPA WID [1], the following scenarios shall be considered: 
· Specify 5-8 cell HSDPA operation in combination with MIMO for the following scenarios:

a. The 5-8 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 as part of the work item. The combinations developed under this WI will be added to the WID in RAN#52.

f. Functionality currently defined for DC-HSDPA in combination with MIMO, DC-HSUPA, DB-HSDPA and 4C-HSDPA should be re-used unless non-re-use can be justified by clear benefits.

g. Since an independent design of 5-8 carriers HSDPA and DC-HSUPA is preferred, the work should assess the benefits of compatibility with single UL carrier operation while minimizing the required changes to existing features and channel structures. 

The discussion in this paper is based on the above scenarios.
3. Initial design consideration for 8C-HSDPA
In our view, 8C-HSDPA can be considered as an extension to the existing multi-carrier features that have been standardized in Rel-8 to Rel-10. Most of the design can follow the existing principles and conclusions. Reusing existing design is preferred unless clear benefits can be justified. 
This section outlines some design consideration for 8C-HSDPA, which includes:

· 8C-HSDPA with MIMO
· Activation/deactivation of the secondary downlink carriers
· HS-DPCCH design
· CPC Design
· Physical Channel configuration
· HS-SCCH set size to monitor
· DPDCH support
· 8C-HSDPA configured with DC-HSUPA
· UE categories

3.1 8C-HSDPA with MIMO
According to the 8C-HSDPA WID, the work area includes the following options for MIMO: 
· 5-8 carrier solutions configured adjacent in one band where MIMO operation is configured for zero, some or all carriers

· 5-8 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. 

To be flexible, it is preferred that MIMO operation can be configured for zero, some or all configured carriers. This is consistent with 4C-HSDPA principle. 
3.2 Activation/deactivation of the secondary downlink carriers
HS-SCCH order is a direct way to activate/deactivate the secondary carriers. In Rel-10, HS-SCCH order combination is used to indicate permitted activation/deactivation of all configured DL/UL carriers. A single HS-SCCH order is used for all permitted multiple simultaneous activation/deactivations. 

For the case of 8C-HSDPA, the activation/deactivation of up to 4 additional secondary downlink carriers needs to be indicated by HS-SCCH orders. In order to keep the design backwards compatible, the use of HS-SCCH order combinations remains preferred. The activation/deactivation of additional 4 secondary downlink carriers would need a total of 180 HS-SCCH order combinations. However, there are only 44 unused combinations left. Thus, some additional solution needs to be found to fulfil the activation/deactivation by HS-SCCH orders. Besides explicit activation/deactivation by HS-SCCH order, implicit deactivation (such as by a timer) can also be considered.  
3.3 HS-DPCCH design
In Rel-10 4C-HSDPA, a single HS-DPCCH was applied for the 3/4 carriers cases and extensive work on the code book design has been done since Rel-8. In Rel-11 for 8C-HSDPA, the current codebooks defined for DC-HSDPA, DC-MIMO, and 3C without MIMO should be reused as much as possible. 
Several design principles for 8C-HSDPA can be derived from previous discussions on 4C-HSDPA:

· Keep the subframe structure: 1 slot ACK followed by 2 slots CQI/PCI.
· The existing HARQ-ACK and CQI code mappings are used as much as possible.
· The minimum CQI feedback cycle is 4 ms for 8C-HSDPA.
· Changing transmission power in one UL slot should be avoided if possible.
· DTX codeword is used to indicate the DTX message when not all the HARQ-ACK messages for DL carriers are DTX message.
The HS-DPCCH designs may include:

· Single code HS-DPCCH design

· Dual code HS-DPCCH design
The evaluation of the coding schemes should take into account the following factors:

· Cubic metric performance

· Power consuming under same decoding performance
· error cases and simplicity
3.4 CPC Design
There is not much difference on CPC operation between 4C-HSDPA and 8C-HSDPA cases. No obvious gain can be foreseen if new concepts are defined. It is proposed that the CPC design concepts for 4C-HSDPA are extended to 8C-HSDPA, as follows.  

· HS-SCCH-less operation is restricted to the primary downlink carrier.
· DTX/DRX operations are operated on all configured carriers with the same timing.
· DRX state machines are common for all configured downlink carriers.
· The two uplink carriers have independent state machines for UE DTX.
· The RRC configured parameters for UE DTX/DRX should be common for all configured downlink as well as uplink carriers.
3.5 Physical Channel configuration
It is defined in TS 25.214 that:

When the UE is configured with one or more secondary serving HS-DSCH cells, it shall not assume the presence of any common physical channel from these cells other than CPICH. The radio frame timing and timing reference for each of the secondary serving HS-DSCH cells are defined in [1].

For a secondary serving HS-DSCH cell, the nominal radio frame timing for CPICH and timing reference are the same as the radio frame timing for CPICH and timing reference for the serving HS-DSCH cell.
We propose to follow the same principle for 8C-HSDPA.
3.6 HS-SCCH set size to monitor
In Rel-10, the HS-SCCH monitoring is defined as follows:
· For 3C-HSDPA, the UE monitors a maximum of in total 9 HS-SCCH with a maximum of 4 HS-SCCH per carrier, plus one HS-SCCH on the anchor carrier for enhanced serving cell change.
· For 4C-HSDPA, the UE monitors a maximum of in total 12 HS-SCCH with a maximum of 4 HS-SCCH per carrier, plus one HS-SCCH on the anchor carrier for enhanced serving cell change.
In Rel-11, the number of HS-SCCH that a UE needs to monitor should be revisited considering the UE capability and Node B scheduling flexibility. The number of HS-SCCH orders that UE is able to receive simultaneously should also be taken into account. For example, we may have the UE monitor 3*N_Carrier HS-SCCH with a maximum of 4 HS-SCCH per carrier.
3.7 DPDCH support

Since DPDCH is not supported when more than one UL carrier is configured in Rel-10, DPDCH shall not be supported also in Rel-11 when DC-HSUPA is configured. For the cases of 8C-HSDPA with only one UL carrier configured, DPDCH can be supported to align with agreement of Rel-9 and Rel-10. And the principles discussed in Rel-9 and Rel-10 can be followed. 
3.8 8C-HSDPA configured with DC-HSUPA

The high peak rate brought by 8C-HSDPA+MIMO introduces higher TCP feedback overhead. SC-HSUPA may fulfil the TCP feedback transmission requirement for 8C-HSDPA+MIMO by some overhead reduction techniques [2]. However, if we consider the transmission requirement of uplink service traffic, SC-HSUPA may be limited for the uplink traffic in combination with 8C-HSDPA. Hence, the support of 8C-HSDPA without DC-HSUPA needs to be carefully studied.  
3.9 UE categories

In Rel-10 4C-HSDPA, 4 new UE categories were introduced, considering cost and simplification. The 4 new UE categories support 3/4 carriers with and without MIMO configuration respectively. The new UE categories for 5-8 carriers HSDPA can be defined based on the same principle. For example, another 4 new UE categories for 5-8 carriers HSDPA can be defined to support 6/8 carriers with and without MIMO configuration respectively.
4. Conclusion
In this contribution, some initial design considerations on the design for 8C-HSDPA are discussed. Very similar with 4C-HSDPA, the following aspects shall be studied and come to agreement. It is preferred to reuse the design concepts from Rel-10 4C-HSDPA as much as possible.  
· Activation/deactivation of the secondary downlink carriers
· HS-DPCCH design
· CPC Design
· Physical Channel configuration
· HS-SCCH set size to monitor
· DPDCH support

· 8C-HSDPA configured with DC-HSUPA

· UE categories
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