3GPP TSG-RAN WG2 Meeting #77
R2-120621
Dresden, Germany Feb. 06-10, 2012
Agenda item:
10.4.3
Source: 
InterDigital
Title: 
Further considerations on mobility of the Multiflow HSDPA operation
Document for:
Discussion and Decision
1 Introduction
The mobility aspects of multiflow operations were discussed at previous meetings with no major conclusions reached. In this contribution we provide some further considerations and discussions on some fundamental issues of mobility. Some suggestions for terminologies and definitions are also presented.
2 Definition

At previous meetings a number of proposals on the terminologies and definitions of the cells participating in multiflow HSDPA operation were discussed in [2], [4] and [5].  At RAN2#76 it was agreed that the same definition of “Serving HS-DSCH radio link” and “Serving HS-DSCH cell” as in the current stage 2 should be reused. 
Currently definitions related to primary and secondary uplink frequencies are specified in 25.331.  This is due to the fact that the UE maintains an active set and reports measurements for the two different frequencies independently.  Similarly, with the introduction of multiflow HSDPA the UE may be in a scenario where multiflow operation is configured in different frequencies.  Therefore, we think that it can be beneficial to introduce and define terminology that will allow us to distinguish between the two downlink frequencies.    The following terminology is proposed:

Primary Downlink Frequency: If a single downlink frequency is configured for the UE, then it is the primary downlink frequency. In case more than one downlink frequencies are configured, then the primary downlink frequency is the frequency on which HS-DSCH corresponding to the serving HS-DSCH is received.   The frequency of the serving HS-DSCH is configured by higher layers.  
Secondary Downlink Frequency: In case there are more than one downlink frequencies configured, then a secondary downlink frequency is the frequency in which HS-DSCH corresponding to a secondary serving HS-DSCH cell is received.   If there are more than two downlink frequencies configured, the index of the secondary downlink frequency is indicated by higher layers. 
Proposal 1:  Adopt the above definitions of primary and secondary downlink frequencies
Additionally, it would be desirable to clearly define and specify cells that are participating in multiflow HSDPA operation.  A cell configured for multiflow operation is essentially a cell that is configured in addition to a serving HS-DSCH in the same frequency.  The UE is configured to simultaneously monitor the HS-SCCH set and receive HS-DSCH of both cells if scheduled.  

Ultimately, this definition of a cell configured in addition to the serving cell is similar to the definition of a secondary serving cell defined for MC-HSDPA.     The functionalities and roles of the cells participating in multiflow operation are the same as that of secondary serving HS-DSCH cells.   The only difference is that these cells are in the same frequency as the primary cell.  Therefore, one natural way forward is to include multiflow operation in the definition of secondary serving HS-DSCH cell.   From the UE perspective the functionalities are the same (e.g. the UE can receive HS-SCCH and HS-PDSCH on these cells regardless of the configured frequency).  

However, while keeping the same definition would be simpler, we have to consider whether there is indeed a need to distinguish between secondary cells in the same frequency (e.g. MF-HSDPA) or secondary cells in a different frequency (e.g. MC-HSDPA).   One difference between the MF and MC is the fact that there may be timing misalignments between the MF cells in the same frequency.  The UE has to account and adjust for these misalignments and several procedures such as mobility, HARQ feedback and sub frame pairing will be impacted.  When specifying these procedures there may be a need to use different terminologies for MF cell.  Therefore, if we think that we need to distinguish between such cells to make the description of the specification clearer then a suggested definition is provided below.   

As a first step with think that the additional assisting cell to the serving HS-DSCH cell should use the secondary serving cell definition as a baseline.  In order to distinguish between the two we can further add the word “assisting” or “multiflow” in front of the secondary serving cell.  Therefore the following definition should be considered:

Assisting secondary serving HS-DSCH Cell(s): In addition to the serving or secondary serving HS-DSCH cell, the set of cells in the same primary or secondary downlink frequency, respectively, where the UE is configured to simultaneously monitor an HS-SCCH set and received the HS-DSCH if it is scheduled in that cell.  There can be up to two assisting secondary serving HS-DSCH cells and one in each of the primary or secondary downlink frequencies.   

 Figure 1 shows an example of the use of the new proposed terminology.
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Figure 1: multiflow configuration scenarios
In case of Inter-NodeB operations, we may also need to introduce a definition for the second NodeB.
Assisting NodeB (or Cooperating NodeB): in the inter-NodeB multiflow scenario, the NodeB which is transmitting HS-DSCH over the assisting secondary serving HS-DSCH cell but is not transmitting the serving HS-DSCH radio link.

Proposal 2: Adopt the above definitions of assisting secondary serving cell 
3 Mobility considerations
In [3], [4], [7] and [8] the mobility aspects were discussed.
In order to guarantee efficient system performance and reliable service, the secondary serving cells should be within a certain channel conditions and within a reporting range.  To achieve this we can simply mandate that the assisting secondary cells must also be in the Active Set.  
This does not have to mean that the multiflow cells have to be in the existing Active Set before they can be configured as assisting secondary serving cell.  A cell can become an assisting secondary serving cell simultaneously with the active set update message.  
Proposal 3:  Agree that an assisting secondary serving cell is included in the UE’s active set 
While including the cell in the UE’s active set will guarantee that the cell is within a desired reporting range, it doesn’t guarantee the absolute quality of the cell with respect to other cells in the active set.  
As discussed in previous meetings for optimal system performance it’s desirable that the UE receives and is connected to the best radio links within the active set.   Receiving from the two best radio links in the system, will allow increased link efficiency, better throughput, latency, quality of service, and reduced data skew problem in case of inter-Node B operation.     

When the event 1D is reported, the measurements on other cells are also provided in the measurement report and therefore the NodeB has the required information to deduce the second best cell. However if the best cell remains unchanged while the radio conditions of other cells change dynamically, there is no way for the RNC to detect a change of the second best cell as no measurements are sent to the network. 
Therefore, in order to keep the network up to date with the quality of the radio links within the active set, it is proposed that a new event is introduced to report a change of assisting secondary cell.  
Such report can be defined and triggered when a non-active HS-DSCH but active DCH primary CPICH becomes better than an assisting secondary serving HS-DSCH cell primary CPICH.

This report not only can notify the NodeB of the second best cell in the active set, but also can give the NodeB more information of the radio conditions of other neighbouring cells when the best cell remains unchanged. Taking this information into account, and together with other factor such as load information if available, the NodeB can make better choice selecting the multiflow serving cells. 

Proposal 4: Introduce a new intra-frequency event that is triggered when the quality of a cell in the active set becomes better than the quality of an assisting secondary serving cell 
3.1 Support of dual frequency multi-flow operation

In current multi-carrier HSDPA operations, the mobility procedures are based on the measurements on the primary frequency. The rule is based on the assumption that all the secondary serving cells have the similar or overlapping coverage with the primary serving cell and thus the radio conditions of the secondary serving cells are similar to that of the primary serving cell.  In order to keep UE complexity at the minimum we think that the same assumption can also apply to the multiflow operation.  This implies that the mobility procedures can also be based on the primary frequency measurements only.

If an assisting secondary serving cell is configured in the primary frequency then a corresponding assisting secondary serving cell that has similar coverage can be configured by the network under the assumptions that these cells have similar radio characteristics.  

There may be scenarios where only the cell on the secondary frequency is in the multiflow operation, like case 10 in [9]. In this case, we think that measurements reported in the primary frequency can still be used for the network to determine when to configure the secondary assisting cell on the secondary frequency.  More specifically, the UE would report the best second cell in the active set in the primary frequency and the network can configure the associated assisting secondary cell in the secondary frequency.    
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Figure 2
The other alternative to deal with DF-MF-HSDPA is by introducing measurements and event trigger reporting on the secondary frequency.  However, we think that if we introduce the measurement on the secondary frequency, the following requirements or shortcomings can be foreseen.

1. The UE needs to have special measurement capabilities to do inter frequency/band measurement without compressed mode;
2. A new “secondary HS-DSCH active set” may need to be defined, and the measurements for the secondary active set need to be specified too;

3. The overhead of measurement reporting would be increased;

4. Extra power consumption is needed for measuring a second frequency;

In general, having to mandate the UE to measure on a secondary frequency would introduce too much complexity without much performance gain.  
Proposal 5: The mobility procedures of multi-frequency multi-flow operation is only based on the measurements on the primary frequency
4 Conclusion

This contribution discussed several aspects related to definitions and mobility of the multiflow operation.  The following proposals were made:

Proposal 1:  Adopt the above definitions of primary and secondary downlink frequencies
Proposal 2: Adopt the above definitions of assisting secondary serving cell 
Proposal 3:  Agree that an assisting secondary serving cell is included in the UE’s active set 

Proposal 4: Introduce a new intra-frequency event that is triggered when the quality of a cell in the active set becomes better than the quality of an assisting secondary serving cell 
Proposal 5: The mobility procedures of multi-frequency multi-flow operation is only based on the measurements on the primary frequency
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