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Objective of the Email Discussion

During the RAN2#65bis meeting, the discussion on the REL9 work item “Dual carrier HSUPA” was divided into user and control plane aspects. 
Following agreements on the u-plane were already made during this meeting:

· The MAC-i, MAC-is and MAC-i/is entities are used;

· Two E-DCH transport channels will be used, one per carrier;
· There will be one HARQ entity per transport channel;

· E-AGCH and E-RGCH are carrier specific; 

· E-RNTIs are used independently per carrier (a decision within the c-plane discussion).
The aim of the email discussion is to find a common ground on identified u-plane aspects for which no agreement has been met. The following sections each list the one open issue, the comments provided by participants during the email discussion, company positions and conclusions (if any). 
1. MAC-e, MAC-es and MAC-e/es Usage for DC HSUPA?

It was agreed that MAC-i, MAC-is and MAC-i/is will be used for DC HSUPA. However it was left open during the meeting, whether also MAC-e, MAC-es and MAC-e/es should also be capable to support DC HSUPA operation. 

1.1 Expressed Company positions 

[Qualcomm] 
At this time, we have a preference to include the support of MAC-e/es. We are still investigating this point.

[InterDigital] 
We think that only MAC-i/is should be used for DC HSUPA.  MAC-e/es does not support the flexible RLC protocol and therefore the RLC will become the bottle neck in allowing the potential high data rate that could be supported with DC HSUPA

[Huawei] 
We have no strong opinion about it, but MAC-e/es should be supported if we allow including the legacy Node Bs (not support DC-HSUPA and MAC-i/is) into the active set of a DC-HSUPA UE.

[Ericsson] 
We are still studying the MAC-e/es usage for DC-HSUPA. We cannot conclude anything at this point.  

[Samsung] 
We do not see any need for supporting MAC-e/es. 

[Nokia/NSN] 
We propose to investigate the use of MAC-e/es further.  
2. Splitting and Combing Data Flows

The UL data flow has to be transmitted from the UE to the S-RNC. As there are two carriers available, a decision has to be made which carrier is to used to transmit (and re-transmit) data from the UE to the S-RNC. A L2 entity in the UE has to be determined which spits up the user and control data for further processing and transmission on the two available carriers. 
On the network side, also a L2 entity has to be determined which combines the data flows transmitted via the two carriers. 

The aim of this section is to determine the L2 entities which are responsible for splitting the user and control data transmission on two carriers and combining the two flows at the network side.
Note: if MAC-i/is, MAC-i and MAC-is are seen as entities for splitting and combining user and control data, and if MAC-e/es, MAC-e and MAC-es are decided to be also used for DC HSUPA, then the discussion and results may extent to these entities, too. 

2.1 Expressed Company positions 

[Qualcomm] 
We support the NSN/Nokia proposal in R2-092211.

[InterDigital] 
From the UE side we think that it should be the E-TFC selection entity that performs the splitting of that data and the determination of the E-TFCI of each carrier.  
From the network side, we agree with the proposal from NSN and Nokia, where the combining is performed in the MAC-is entity in the RNC entity similar to the current single carrier operation for data being received from different cells.

[Huawei] 
We support that the combination of the streams from different carriers is performed in the MAC-is entity in the RNC. It is FFS how to configure the E-DCH MAC-d flows.

[Ericsson] 
We are still investigating this issue. 

[Samsung] 
We support combining of data in the MAC-is in the RNC.

[Nokia/NSN] 
We also support the combining of data in the MAC-is entity in the S-RNC.
3. Functions jointly used by E-DCH, and Functions individually provided per E-DCH
It has been agreed to have one E-DCH transport channel per carrier; and there is one HARQ entity per E-DCH transport channel. Open however is the question, whether segmentation, multiplexing and TSN setting are joint fuctions for both E-DCH transport channels, are made available for each E-DCH transport channel individually? 

3.1 Expressed Company positions 

[Qualcomm] 
Segmentation, multiplexing and TSN setting are jointly done across carriers.

[InterDigital] 
The three entities (segmentation, multiplexing and TSN setting) should be used jointly for both E-DCH transport channels.  Currently, segmentation and TSN setting are performed on a per logical channel basis. If these functionalities are duplicated, each logical channel will potentially have two different segmentation and TSN setting functions, which will make it difficult for the receiver side to reorder the data correctly and send them in order to the RLC entity.   

[Huawei] 
We also think that segmentation, multiplexing and TSN setting should be jointly done across carriers.

[Ericsson] 
Segmentation, multiplexing and TSN setting are joint functionalities. HARQ is per carrier.  

[Samsung] 
We agree with the consensus: HARQ per carrier and rest of functionalities common/joint. 

[Nokia/NSN] 
Segmentation, multiplexing and TSN setting should be done accross carriers. The HARQ function should be per carrier, as well as the de-multiplexing function (at the Node B side).
4. RLC Impact
DC HSUPA means higher UL data rates. Is as a result necessary to modify/extend the existing RLC entities, e.g. to prevent a higher risk of window staling. 

4.1 Expressed Company positions 

[Qualcomm] 
There is at least impact on the creation of Partially Radio Aware RLC PDUs. Extending the logic to two carriers seems to result in even greater inefficiencies than in single carrier, or increased complexity. We would like to assume that Rel 9 and later UEs, are support fully radio aware RLC PDU creation.

[InterDigital]   
The RLC protocol in release 8 was enhanced to allow flexible RLC PDUs, which essentially removed risks of window stalling at higher data rates. If only MAC-i/is is allowed and if the largest RLC PDU size configured by the network is high enough there will be no risk of window stalling and therefore we do not foresee a need to modify the existing RLC entities.

[Huawei] We are still investigating this issue.

[Ericsson] We do not foresee any RLC impacts.   

[Samsung] We support the existing behaviour i.e. allowing non-radio aware implementations. The UE should have the flexibility to create the RLC PDUs in advance. 

[Nokia/NSN]  we do not forsee any RLC impact
5. UPH?
Two UPH may have to be provided, one per carrier. The UPH values may be reported in a single, modified SI via one of the carriers only. Alternatively, a UPH of a carrier may be reported in an SI, which is sent via the carrier it is reporting about. 
Are there unused/ redundand bits which could be used if scheduling information can be sent on both carriers? As example, the happy bit was named. Similarily, it may be sufficient to report the buffer status of the UE within the SI on one carrier only.
These examples shows that the reporting of scheduling information may be affected by the introduction of DC HSUPA operation. It needs to be clarified, to what extent the scheduling reporting has to be modified, and to what extent un-used bits can be allocated to a new use, if any. 

5.1 Expressed Company positions 

[InterDigital] 
We prefer sending a single SI, where two UPH measurements are reported.  A single SI will allow the UE to report measurements in a single PDU, resulting in a more efficient usage or radio resources.  Indeed, transmitting two SI reports, one in each carrier, may be inefficient due to the fact that the UE will have to transmit two E-DPCCH in order to transmit just 23 bits of useful information.
Scheduling reporting mechanisms might have to be revisited in view of dual carrier operation.  Triggering mechanisms based on UPH and TEBS should be considered for dual carrier operation, especially if the network could make use of this information in order to make decision on enabling/disabling the secondary carrier.
6. DCH and Handling of Non-Scheduled Transmission
Among others following questions need to be answered:

1. DCH:
DCH can be configured for DC HSDPA. Should DCH transmission also be allowed in case of DC HSUPA? Should DCH transmission be limited to one carrier only?

2. Non-Scheduled transmission:
Should non-scheduled transmission be limited to one carrier only? Or should it be limited to one carrier during a TTI period only, but the carrier for non-scheduled transmission can be changed between TTI periods? Or should non-scheduled transmission be allowed on two carriers simultaneously?

6.1 Expressed Company positions 

[Qualcomm] 
We support having the optional DCH, the non scheduled transmission and an HS-DPCCH on the same carrier.

[InterDigital] 
We think that DCH transmission if allowed should be limited to the anchor carrier
Non-scheduled transmission can be limited to one carrier only.  However, considering that the selection of the first carrier for E-DCH transmission in E-TFC selection can be dependent on a number of factors still under discussion, it might be desirable that non-scheduled transmission also follows the same carrier selection methods as scheduled transmissions, since they might be transmitted together in a given TTI.  Therefore, we think that giving the UE the flexibility of choosing a carrier for non-scheduled transmission on a TTI basis can increase the reliability of transmission.

[Huawei] 
We think this could be discussed a little later, once more assumptions or decisions have been made in RAN1 and RAN2.

[Ericsson]  
We do not see the need of UL DCH configuration for DCH. 
For non-scheduled transmissions we think that restricting non-scheduled transmissions to the primary carrier may be beneficial but we would not like to discard other possibilities at this stage. We are still investigating other possibilities. 

[Samsung] 
We support allowing DCH only on the anchor carrier. 
We are still deliberating on the non-scheduled transmissions. 

[Nokia/NSN] 
We do not see the need to support UL DCH. 
Non-scheduled transmission should be restricted to the primary carrier.
7. E-TFC selection
Among others following questions need to be answered:
Is there a common E-TFC selection for both carriers, or can it be executed per carrier?
How should the UE transmit power be distributed between the carriers? 
7.1 Expressed Company positions 

[Qualcomm] 
We described our approach in more details in our contribution R2-092156. We believe a simple scheme will get most of the gains that an optimal complicated scheduler will bring. For the cases when two E-TFC selections have to be made in the same TTI, and neither of them is a retransmission, we would like to consider a greedy-filling algorithm:
• The two carriers are ordered by the transmit pilot power
• The available power is allocated as much as possible, to the carrier with lower transmit pilot power, up to the limit of either the grant or max UE power
• The remaining power goes to the other carrier

[InterDigital]  
We think that E-TFC selection should be performed jointly for both carriers and it should be the E-TFC selection that decides which carrier to give priority to for first transmission, how to allocate the transmit power between carriers, and how to increase the efficiency of the transmission in terms of control channel overhead, MAC-i PDU header overhead and power backoff. 
We think that the details fall outside the scope of this e-mail discussion and should be left for further study.

[Huawei] 
We would like to list possible schemes first, then companies could make a choice according to the evaluation of performance and complexity, however, we think the performance of different schemes would be impacted by the optimal scheduler somehow. The following are possible schemes:

       1\  Greedy filling algorithm proposed by Qualcomm in the last meeting;

       2\  The proportion of power division between two carriers is decided according to the SG of each carriers, the carrier with larger SG will get more power, then E-TFC is done individually per carriers as legacy procedure;       

       3\  The proportion of power division between two carriers is decided according to the transmit pilot power of each carriers, the carrier with lower transmit pilot power will get more power, then E-TFC is done individually per carriers as legacy procedure;

       4\  Exhaustive Attack method(under appropriate granularity) to find the best proportion of power division between two carriers;

       5\ …


[Ericsson] 
This topic is still under study. 

[Samsung] 
We are still deliberating on this issue. 

[NSN/Nokia] 
Still require some further investigations.  
Conclusions of the Email Discussion

During the email discussion, expressed consent about following issues, and we kindly ask the group for a formal agreement during the meeting: 

· MAC-e, MAC-es and MAC-e/es Usage for DC HSUPA?
Two companies proposed not to consider MAC-e, MAC-es and MAC-e/es for DC HSUPA, while the remaining companies proposed not to exclude this MAC entities at the current state, and investigate whether there are potential benefits in keep it. 
· Splitting and Combing Data Flows?
The majority of companies proposed to combine the UL data flows in the S-RNC.
Proposal : The combining UL of data flows shall take place in the S-RNC.

· Functions jointly used by E-DCH, and Functions individually provided per E-DCH?
All companies agreed in following proposal:
Proposal:
- Segmentation, multiplexing and TSN setting are joint functionalities. 
- HARQ is provided per carrier.
· RLC Impact:
Several companies agreed that there is no foreseeable impact on RLC. With this these companies also allow both radio aware and radio unaware implementations. Qualcomm would like to assume support of fully radio aware RLC PDU creation only. 
· UPH provisioning:
Due to an error by the rapporteur, this open issue was not explicitly listed in the email discussion. 
Interdigital expressed the opinion to provide UPH values for both carriers in a single SI. 
· DCH and Handling of Non-Scheduled Transmission
There was no agreement whether to allow DCH in combination with DC HSUPA. If allowed, then the majority of companies indicated a preference to have it restricted on the primary carrier.
Companies with an opinion on non-scheduled transmission proposed to restrict it on the primary carrier. Many companies however have not expressed an opinion.
· E-TFC selection
The majority of companies asked for more time to investigate this issue. 
The proposal to allocate available power as much as possible to the carrier with lower transmit pilot power, up to the limit of either the grant or max UE power, was seen favourable by some companies. 



















































































































































































































































