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1. Introduction

During RAN#53, a WI was approved , whose aim is to standardise the Multiflow transmission for HSPA [1]. With this paper, we list a number of RAN2 topics to Multiflow and/or impacted by the introduction of that feature.

2. Considerations of the Multiflow features

2.1 Terminology

To facilitate further discussion on how  to configure and operate Multiflow, we propose to establish the terminology to differentiate between the serving HS-DSCH cell and cells assisting in the Multiflow transmission.  Yet another dimension for differentiating between the cells is whether they reside on the primary frequency, as for SF-DC, or the secondary one, as for DF-4C. Table 1 presents our view on how we can name different cells.

Table 1 – Proposed terminology to differentiate between different cells in the Multiflow operation. 

	
	Node B
	(Assisting) NodeB
	
	

	Primary frequency
	(Primary) serving cell
	(Primary) assisting cell
	SF-DC
	DF-4C

	Secondary frequency
	Secondary serving cell
	Secondary assisting cell
	
	


Hence, in the Multiflow SF-DC aggregation, there are the serving HS-DSCH cell and the assisting HS-DSCH cell. In turn, for the DF-4C operation, there will be  serving and (primary) assisting HS-DSCH cells on the primary carrier, and the secondary serving and the secondary assisting HS-DSCH cell for the secondary carrier.

Proposal 1: Agree the proposed terminology for the Multiflow cells.

2.2 General issues

Since the Multiflow aims at increasing the cell edge throughput, we propose to limit the Mutiflow operation only to the CELL_DCH state. The CELL_FACH state is for non-regular  application activity with relatively small amount of data. Thus, similar to the MC-HSDPA, we anticipate the CELL_DCH state to be the one suitable  for that kind of multi-cell operation. 

Proposal 2: Limit the Multiflow operation to the CELL_DCH state.

2.3 Multiflow operation with multi-carrier/band configuration

In the simplest case, e.g., SF-DC, the Multiflow operation is enabled for the pair of cells on the same frequency to benefit from simultaneous transmission from two cells. The SF-DC configuration can be accompanied with another secondary serving cells configured without Multiflow. This might be a useful configuration that origins from the fact that more and more operators start to deploy DC-HSDPA. However, some DC-HSDPA cells may have only single-carrier neighboring cells. Taking such a setup into account, we foresee a benefit in combining the Multiflow operation with DC-HSDPA. In other words, the Multiflow operation is enabled on frequency F1, and in addition, the secondary serving cell is configured on the adjacent frequency F2, as presented in Figure 1. Hence, for the sake of simplicity, this scenario will be referred to as DF-3C. In fact, one can think of DF-3C as a sub-case of DF-4C which is already in the WI description. 
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Figure 1 – DF-3C or combination of SF-DC with DC-HSDPA.

Proposal 3: Allow to combine the SF-DC Multiflow operation with DC-HSDPA.

Extending further the Proposal 3, one can think of combing DF-4C with DC- and 4C-HSDPA. Indeed, the Rel-11 UEs can support in principle up to 8 carriers. If the operator has enough spectrum, then in addition to DF-4C configured on frequencies F1 and F2, more secondary serving cells can be configured on other frequencies. 

Proposal 4: Discuss the combination of DF-4C Multiflow and MC-HSDPA.

Since the DF-4C operation is already a part of the WI description, one can expect the DF-4C (and DF-3C) operation to be feasible for the non-adjacent carrier allocation within a single band. The configuration is identical to the one in Figure 1 with the only difference is that F1 and F2 are non-adjacent frequencies in the same band. It can be a valid case for the certain spectrum allocations where an operator does not have two adjacent carriers, but rather carriers with a gap between them. The same principle can be also extended to the combination of Multiflow and MC-HSDPA. 

Proposal 5: Allow to configure the DF-4C/3C Multiflow operation for the non-adjacent carrier allocation.

Similar to the non-adjacent carrier configuration, it should be also discussed whether we allow the DF-4C/3C configuration to span several bands, i.e., configurations in presented in Figure 1 and Figure 2, where F1 and F2 reside in different bands.  As an example,  if a UE supports the 2+1 dual-band configuration, then  the primary carrier can be on the low band for the mobility purposes, while the Multiflow is activated for two cells in the high band, i.e., dual-band DF-3C. 
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Figure2 – DF-4C operation in the single/dual band configuration. 

Proposal 6: Allow the DF-4C/3C Multiflow operation with the multi-band configuration.

Another topic to raise is whether we allow the combination of the DF-4C/3C Multiflow operation on two adjacent downlink carriers with the DC-HSUPA operation. Technically, we see no obstacle in allowing such a setup, which is a subject for particular UE capabilities. 

Proposal 7: Discuss whether there is any obstacle to combine the DF-4C/3C Multiflow operation with DC-HSUPA.

2.4 Topics of RAN1 relevance

One of the topics worth mentioning in RAN2, is the HS-DPCCH format. To re-use the existent standardisation efforts as much as possible, we propose to rely upon the already defined HS-DPCCH formats defined for DC-HSDPA and 4C-HSDPA. Other relevant topics being discussed in RAN1 are combination of Multiflow and MIMO [9], HARQ ACK timing [8], etc.

2.5 Topics of RAN2 relevance

2.5.1 Measurements and mobility

As raised in [3], there is an open question whether the network has enough event triggers to determine and update its understanding of cells suitable for the Multiflow operation. The 1d event can be used to switch the primary serving Multilfow cell  to a different cell.  In addition, there are also the 1a and 1b events that can be used by RNC in revising cells taking part in Multiflow. In other words, whenever the RNC receives an indication for a change in the active set, RNC can reconsider cells for the Multifow operation. However, as pointed out in [3], there is no event triggered by a UE when the second best cell changes within the UE active set. In fact, a somewhat similar issue exists also for the 1d event. Assuming that the Multiflow is configured initially for best and the second best cell, after receiving the 1d event, the second best cell can be any of the cells in the active set. 

Proposal 8: Study whether existing UE event triggers are sufficient, or whether new measurement triggers should be introduced. 

If it is the common understanding that the Multiflow operation and configuration require establishing more measurement event triggers at the UE side, then it should be discussed whether we should mandate the “Extended measurements support” UE capability for the Multiflow capable UE. Extended measurement support capability may be needed for the DF-4C capable UEs, where the network may also ask for the number of the inter-frequency measurements needed to maintain the Multiflow operation on the secondary carrier.

Proposal 9: Discuss whether the Multiflow capable UE should also support the extended measurement capability. 

The mobility is an important aspect to discuss for Multiflow because this feature is going to be activated at the cell edge, where mobility occurs. Some mobility aspects of the Multiflow operation were already presented in [2] and [4]. If the Multiflow operation is limited to the CELL_DCH state, then the network is in full control of when the primary serving cell changes and what the target serving cell will be. As a part of the serving cell change operation, the network will provide the configuration for the (primary and secondary) assisting cells, if any, thus making a decision on whether to continue with the Multiflow operation. Similar to the outcome of the 4C-HSDPA and 8C-HSDPA discussions, we prefer to rely upon the legacy mobility and reconfiguration mechanisms for Multiflow. 

In [4], some initial considerations were present on the synchronized and unsynchronized serving HS-DSCH cell change. Similar to MC-HSDPA, our view is that it is the network decision which type of cell change procedure is used, which should be limited neither to the SF-DC nor to the DF-4C operation. Even though the unsynchronized serving cell change procedure is expected to be faster, it is unreliable when it impacts the number of configured carriers as a UE switches at some point to a different HS-DPCCH format. 

Proposal 10: The mobility in Multiflow is based on the legacy mobility procedure.

2.5.2 Configuration and dynamic carrier activation/deactivation

To configure the Multiflow operation, we propose the re-use the “Downlink secondary cell info FDD” IE - refer to TS25.331 section 10.3.6.31a - to provide configuration for the carriers forming the Multiflow pair(s). By adopting this approach we minimize the standardization impact and avoid changes in the existent tabular and ASN.1. Furthermore, all the existent MC-HSDPA procedural rules for the configuration and re-configuration are automatically re-used. The UE side can understand  quite easily that Multiflow is configured for two cells by just observing the fact that two cells have the same URAFCN value.

Proposal 11: Reuse the “Downlink secondary cell info FDD” IE to configure the Multiflow operation.

In [3], it is proposed to adopt the HS-SCCH orders to activate/deactivate carriers for the Multiflow operation. However, since the Multiflow exploits the fact that neighboring cells (in the sense of sectors) have different instantaneous load, disabling the cell(s) by means of the HS-SCCH orders will result in loosing that scheduling freedom. For the inter-site operation, the primary serving cell  is not aware of the amount of data the (primary or secondary) assisting cell schedules or is going to send in the near future. Thus, disabling the cell belonging to a different site  compromises the whole operation. On the one hand, for the inter-site Multiflow it is possible to allow the assisting NodeB to deactivate cells belonging to the correspondent NodeB. On the other hand, whenever the number of activated cells changes, the CQI format and the HARQ ACK/NACK formats change as well. As a result,  usage of the carrier activation/deactivation HS-SCCH orders in the inter-site Multiflow becomes quite challenging and is prone to state errors unless NodeB(s) exchange the carrier state information via RNC. 

At the same time, we acknowledge the fact that the carrier activation/deactivation HS-SCCH orders still can be used efficiently in case of intra-site Multiflow operation and/or remote radio head deployment scenario.

Proposal 12: Discuss the usage of the HS-SCCH carrier activation/deactivation orders with Multiflow.

2.5.3 Application level data split

As noted in the WI description, the architectural layer where the data split takes place in inter-site Multiflow needs to be agreed upon. Thereafter, the RAN2 can tackle the question on related configuration options. In [5], we provide our further considerations on the data split options.

Proposal 13: Discuss the data split options for the inter-site Multiflow operation.

2.5.4 DTX/DRX, eSCC 

Keeping a UE in the CELL_DCH state with the configured Multiflow operation may impact negatively the battery life. On the one hand, we can move a UE on demand to a more power efficient state, e.g., CELL_FACH or xxx_PCH, if no data transmission takes place for some time, as it already happens now with the legacy system. On the other hand, the Multiflow (re-)configuration is likely to take more time than just bringing a UE back to the CELL_DCH state. Furthermore, as mentioned earlier, Multiflow exploits unequal and non-constant load of neighboring cells. Thus, the  DTX/DRX mechanism can be an attractive option to achieve trade-off between the scheduling freedom and power consumption. In [7], we explain how the DTX/DRX feature can be used in conjunction with Multiflow requiring no changes at the UE side in the existent DTX/DRX implementation. 

Proposal 14: Discuss the usage of the DTX and DRX with Multiflow. 

The eSCC feature allows for fast changing of the serving cell without RRC signaling, which may be quite a crucial point in certain scenarios. The existent eSCC structure of the pre-configuration information already allows to specify a number of downlink secondary cells. So, if we take an approach when we re-use the “Downlink secondary cell info FDD”  IE to configure Multiflow operation, then it should be straightforward to apply eSCC for the Mutiflow. However, from the view point of Multiflow operation, it is an open question how useful the eSCC feature will be. The nature of the eSCC pre-configuration information assumes that the network knows or can predict that when a UE performs the serving cell change, the Multiflow configuration is still valid from the viewpoint of load that the new serving and assisting cells will have. However, this might be not the case resulting in configuration changes including disabling the whole Multiflow operation.

Proposal 15: Discuss the usage of eSCC and Multiflow. 

2.6 Topics of RAN3 relevance

The introduction of Muliflow is likely to impact also the RAN3 specifications. For the inter-site operations, the RNC will have to provide the assisting Node B(s) with the related Multilfow configuration. Since exact features for the Multiflow operation are only at the discussion stage in RAN1 and RAN2, the related RAN3 discussions will be relevant once we have a set of basic agreements in RAN2. 

3. Conclusions

In this paper, we have listed a number of proposals regarding the Multiflow operation. In particular, we propose to agree upon the terminology to differentiate between the legacy secondary MC-HSDPA cells and Multiflow assisting cells. We also propose to allow the Multiflow configuration for the non-adjacent and dual-band carrier allocations. It is proposed to discuss Mutliflow for RAN2 features, such as configuration, event triggers, mobility, DTX/DRX, and eSCC.
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