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1. Introduction

The RAN#53 plenary meeting has approved a work item on the Multiflow transmission schemes for the HSDPA networks  [1]. So far, this topic has been under intensive discussion in RAN1 and RAN2. During the RAN3#75 and RAN3#76 meeting, a few companies brought contributions on the analysis of the Multiflow impact to the RAN3 specifications [2,3,4].

In this contribution we consider further the Multiflow core functionality impact to RAN3 and highlight the implementation aspects. 

2. Overview of Multiflow

2.1. Preliminaries

Multiflow is a technique, in which a UE aggregates the DL transmissions of several cells. It is applicable to UEs, which are at the edge of two cells, and hence can receive data from both cells. The key gain mechanisms for those cell-edge UEs are that resources of a neighbour cell are made available to them. From the system performance perspective, using resources of a neighbour cell for a UE is attractive especially in low- to medium- load scenarios with bursty traffic, where schedulers can be designed easily to perform short-term load balancing that is not affecting the availability of the assisting cell to its own UEs.

From the perspective of higher layers, Multiflow requires that the source data is split and routed over two cells. In inter-site Multiflow the split has been agreed to take place at the level of RLC inside the RNC. In intra-site Multiflow the split may take place in the nodeB at MAC-ehs, very much like multi-carrier HSDPA.

Multiflow aggregation is defined  for multi-carrier sites, giving rise to a number of configuration options. In order to distinguish the configuration variants a labeling has been adopted as follows:

<number of frequencies in use> – <number of cells aggregated>

For instance, single carrier aggregation amounts to Single-Frequency Dual-Cell Multiflow (SF-DC), whereas in DC networks one could apply Dual-Frequency Four-Cell (DF-4C) configuration, as shown in Figure 1.
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Figure 1: Example of the SF-DC and DF-4C scenarios.

3 Impacts on Iub/Iur

In this section we present a list of core issues to be addressed in RAN3 to support the Multiflow operation and consider their implementation aspects. 

3.1 Multiflow capability

Following the MC-HSDPA principles, where a Node B can indicate independently its capability for the number of downlink secondary serving cells, there should be a correspondent possibility for Multiflow.  During the RAN#75bis meeting, it has been agreed that:

Agreement 1: Multiflow Cell Capabilities will be indicated by NodeB Multiflow capability bits in the “Cell Capability Container” IE 

At the same time, the exact form of the Multiflow cell capability bits is under further discussion, where the favoured form is to indicate the maximum number of flows supported by the Node B during Multiflow operation. After RAN3#76 meeting, it has been agreed that [10]:

Agreement 1a: The Multiflow capability bits in the “Cell Capability Container” IE will take the form

-- N     bit:      Intra-site Multiflow Supported

-- N + 1 bit:      Inter-site Multiflow Supported

-- N + 2 bit:      Multiflow maximum two flows per UE

-- N + 3 bit:      Multiflow maximum three flows per UE

-- N + 4 bit:      Multiflow maximum four flows per UE

Referring to the agreement above, 2-4 flows can be encoded as three separate bits or as two bit value. Alternatively, one can already now reserve three bits to address up to 8 flows, similar to 8C-HSDPA.

Proposal 1a: Discuss the details of encoding the maximum number of flows that Node B supports for Multiflow operation.

During the RAN1#68 meeting, it was agreed to allow for combination of Multiflow and MIMO, either single- or dual-stream transmission. Our view is that if Node B supports MIMO with the correspondent MC-HSDPA configuration, then it should also be supported for Multiflow and no additional Node B capability bit is needed.

Proposal 1b: If Node B supports MIMO, MIMO is also supported for Multiflow.

As a part of the RAN1#68 agreements, and as also reflected in LS from RAN1 [6], it was decided that a UE supporting simultaneously Multiflow and MIMO, might or might not need more time to provide the HARQ ACK/NACK feedback, and the appropriate capability signalling should be introduced by RAN2. There has been already proposed to have such a UE capability in RAN2; so, the RNC must inform Node B about it. Thus, we propose to extend the “UE support indicator extension” IE (see 9.2.2.117 in TS 25.433) with an appropriate bit indicator. 

Proposal 1c: Introduce a bit in the “UE support indicator extension” IE to indicate that a UE needs (or does not need) more time to generate the HARQ feedback upon Multiflow and MIMO configuration.

3.2 Multiflow configuration

Since the Multiflow is based heavily on the existent MC-HSDPA principles, it was suggested that the existent messages are used to configure, change, and terminate the Multiflow operation. During the RAN3#75bis meeting, it was agreed that:

Agreement 2: Existent Radio Link Setup/Addition/Reconfiguration/Deletion messages will be used for Multiflow configuration using the existing HS-DSCH FDD Information”  IE with modification.

For the intra-site Multiflow, all the cells, serving and assisting ones, are configured from the same Node B. So, the only difference when compared to the MC-HSDPA is that certain cells are configured at the same frequency, which is already possible with the RAN3 specification. For the inter-site Multiflow, the configuration is more challenging. On the one hand, a particular Node B does not need to know about the cells configured at another site. On the other hand, each Node B must know the total number of cells configured for Multiflow to decode correctly the overall structure of the HS-DPCCH channel. Thus, we propose to add a new IE called “Total number of HS-DSCH cells” to the Multifow configuration in IE “HS-DSCH FDD Information”. Presence of this IE can also serve as an indication that the Multiflow is configured, if such information is needed. In addition, each Node B must know whether MIMO is configured for at least one of cells, because if so, then the whole HS-DPCCH format changes.

Proposal 2a: Add the “Total number of HS-DSCH cells” and “MIMO” IE in “HS-DSCH FDD Information” IE to support Multiflow configuration. 

Furthermore, to provide the Mutiflow specific information, we propose to add a new IE to “HS-DSCH FDD Information” to indicate that it is not the primary serving cell, but just the assisting cell on the same frequency as the primary serving cell is. 

Proposal 2b: Add the “Role” IE in “HS-DSCH FDD Information” IE to Multiflow configuration to indicate whether Node B performs primary or the assisting role for a UE.

As discussed and agreed in RAN1, there is a one HS-DPCCH channel over which a UE sends back CQIs and HARQ ACK/NACK information [6]. At the same time, both intra- and inter-site Multiflow cells can have different timing for DL cells. A solution is that the RNC chooses a so-called DL time reference cell, to which the legacy Rel-5 HS-DPCCH timeline applies. On the contrary, the UL feedback for the DL non-time reference cell must be sent earlier to meet the reference timing. Thus, for the inter-site Multiflow, the Node B must know whether it is a time reference or not, and if not, what the offset is. It must be noted that either the serving or the assisting Node B can be chosen to the time reference.  

The simplest way of introducing it is to have a new IE in “HS-DSCH FDD Information” similar to other IEs we proposed for Multiflow specific purposes. Since the maximum range for the offset between the reference and non-reference cells can be 1.5 slots [6], and the granularity must be at the chip level, we suggest that a new IE encodes the range of 0..3840 chips (refer to [9] for more information). 

Proposal 2c: Add a new IE  into “HS-DSCH FDD Information” IE to indicate that a particular cell is not the time reference one and, if so, what the time difference is. 

Proposals 2a, 2b, and 2c allow to configure the SF-DC operation. However, for the Multiflow scenarios, such as DF-3C and DF-4C, information on more than two cells is needed. Similar to MC-HSDPA, we believe it is possible to reuse existent MC-HSDPA IE “HS-DSCH FDD Secondary Serving Information” for Multiflow. Regardless of exact scenarios RAN1 and RAN2 will agree upon, it will be the responsibility of  the RNC to analyse the UE and NodeB capabilities, and configure an appropriate number of cells. RAN3#75bis has already agreed that:

Agreement 3: Reuse “HS-DSCH FDD Secondary Serving Information” IE to configure cells for the Multiflow scenarios requiring more than two cells.

The “HS-DSCH FDD Secondary Serving Information” IE can be reused without any changes as it already contains all the necessary information. It must be noted that the existing TS 25.433 states that the secondary cell numbering must start with “Ordinal Number of Frequency = 1” and be consecutive. For Multiflow, this rule does not hold any longer because the RNC may configure assisting cells in such a way that the assisting Node B will have to read CQIs with logical index 2 and 3, or 1 and 3. Thus, Proposal 4 assumes that TS 25.433 should be updated accordingly.

3.3 Sample Multiflow (re-)configuration scenarios

Here, we present a few scenarios to exemplify how the RRC and Iub signalling is used upon (re-)configuring a UE with different Multiflow scenarios. We assume that RNC uses the same approach as for MC-HSDPA to send the multi-carrier configuration, as was preliminary agreed by RAN2.

First, a UE is in the single-carrier HSDPA mode, from which it is reconfigured into SF-DC. The RNC sends over the RRC protocol information for the 1st secondary carrier, which has the same UARFCN value as the primary carrier. In addition, it sends the configuration data to the assisting NodeB2, which includes the total number of cells and Node B Multiflow role. For the serving NodeB1, the RNC just tells the total number of cells and that it is the primary Multiflow Node B. 

	Single-carrier -> SF-DC reconfiguration

	RNC -> UE (RRC)
	RNC -> NodeB1
	RNC -> NodeB2

	Primary

> F1

1st Secondary (new configuration)

> UARFCN: F1 
	RL reconfiguration (prepare) request

> HS-DSCH information to modify (unsynchronized)

>>Multiflow Reconfiguration (Setup)

>>> Total number of HS-DSCH cells: 2

>>> Role: primary
	RL setup/addition request

> HS-DSCH information

>>Multiflow Information

>>> Total number of HS-DSCH cells: 2

>>> Role: assisting 

	HS-DPCCH mapping

CQI0: primary cell (NodeB1)

CQI1: assisting cell / 1st secondary cell (NodeB2)


Next, as an example, RNC reconfigures a UE from SF-DC to DC-HSDPA operation. Over the RRC protocol, a new configuration is sent for the 1st secondary carrier, with UARFCN corresponding to F2. As for the assisting NodeB2, since the Multiflow operation is terminated, the whole radio link is just removed. The configuration of the serving NodeB1 just follows the legacy procedure and does not include any Multiflow specific information, except the termination command.

	SF-DC -> DC-HSDPA reconfiguration

	RNC -> UE (RRC)
	RNC -> NodeB1
	RNC -> NodeB2

	Primary

> F1

1st Secondary (new configuration)

> UARFCN: F2 
	RL reconfiguration (prepare) request

> HS-DSCH information to modify (unsynchronized)

>>Multiflow Reconfiguration (Removal)

> Additional HS Cell

Information RL Reconf Prep/Req

>> HS-DSCH FDD Secondary Serving Information
	RL deletion request



	HS-DPCCH mapping

CQI0: primary cell (NodeB1)

CQI1: 1st secondary cell (NodeB1)


If at some point of time the RNC decides to enable Mutiflow again, then the table below presents an example of moving a UE into DF-3C (or DF-4C) from DC-HSDPA. RNC might send new configuration for the 2nd secondary carrier without touching the 1st secondary one, configuration for which was already provided as a part of DC-HSDPA.  For the serving NodeB1, the RNC has to tell how many cells there are, which is 3 in case of DF-3C. For the assisting NodeB2, a new radio link is added with information on the total number of cells and the Multiflow role. 

	DC-HSDPA -> DF-3C reconfiguration

	RNC -> UE (RRC)
	RNC -> NodeB1
	RNC -> NodeB2

	Primary

> F1

1st Secondary (continue)

2nd Secondary (new configuration)

> UARFCN: F1
	RL reconfiguration (prepare) request

> HS-DSCH information to modify (unsynchronized)

>>Multiflow Reconfiguration (Setup)

>>> Total number of HS-DSCH cells: 3

>>> Role: primary

 
	RL setup/addition request

> HS-DSCH information

>>Multiflow Information

>>> Total number of HS-DSCH cells: 3

>>> Role: assisting 



	HS-DPCCH mapping

CQI0: primary cell (NodeB1)

CQI1: 1st secondary cell (NodeB1)

CQI2: assisting cell / 2nd secondary cell (NodeB2) 


If the RNC wants to reconfigure from DF-3C to SF-DC, then the 1st secondary cell on F2 is removed with the RRC signalling by omitting completely the correspondent IE. For the serving NodeB1, the secondary serving cell is also removed and the total number of MF cells is updated to 2. The similar actions are performed for the assisting NodeB2, where in addition to indication that the number of cells became 2, RNC also tells that the ordinal number of frequency is 1.

	DF-3C -> SF-DC reconfiguration

	RNC -> UE (RRC)
	RNC -> NodeB1
	RNC -> NodeB2

	Primary

> F1

1st Secondary (omit/delete)

2nd Secondary (continue)

> UARFCN: F1
	RL reconfiguration (prepare) request

> HS-DSCH information to modify (unsynchronized)

>>Multiflow Reconfiguration (Change)

>>> Total number of HS-DSCH cells: 2

> Additional HS Cell

Information RL Reconf Prep/Req

>> HS-DSCH Secondary Serving Remove 
	RL reconfiguration (prepare) request

> HS-DSCH information to modify (unsynchronized)

>>Multiflow Reconfiguration(Change)

>>> Total number of HS-DSCH cells: 2



	HS-DPCCH mapping

CQI0: primary cell (NodeB1)

CQI1: assisting cell / 1st secondary cell (NodeB2)


4. Conclusions

As a summary, in this discussion paper we have considered general Multiflow aspects that concern capability and radio link (re-)configuration. As a summary, our proposals are:

Proposal 1a: Discuss the details of encoding the maximum number of flows that Node B supports for Multiflow operation.

Proposal 1b: If Node B supports MIMO, MIMO is also supported for Multiflow.

Proposal 1c: Introduce a bit in the “UE support indicator extension” IE to indicate that a UE needs (or does not need) more time to generate the HARQ feedback upon Multiflow and MIMO configuration.

Proposal 2a: Add the “Total number of HS-DSCH cells” and “MIMO” IE in “HS-DSCH FDD Information” IE to support Multiflow configuration. 

Proposal 2b: Add the “Role” IE in “HS-DSCH FDD Information” IE to Multiflow configuration to indicate whether Node B performs primary or the assisting role for a UE.

Proposal 2c: Add a new IE  into “HS-DSCH FDD Information” IE to indicate that a particular cell is not the time reference one and, if so, what the time difference is. 

The relevant changes can be found in CR for TS 25.433 [8] and TS 25.423 [11].
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