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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]. However, after RAN2#76 meeting, there are still a number of open issues regarding the co-existence of Multiflow with the number of features. With this paper, we express our view on how DTX/DRX, eSCC, and HS-SCCH-less can work in conjunction with Multilfow. 

2. DTX/DRX

2.1 General considerations

With Multiflow, a few technical challenges arise regarding achieving a good trade-off between keeping all the transmission cells active for a particular Multiflow capable UE and ensuring the low battery consumption. During the RAN2#75bis meeting, a number of features were mentioned in the context of the Multiflow operation, where a few proponents expressed an interest in considering DTX/DRX [2-4].

Multiflow is characterized by splitting the application level data into several independent streams and sending them over different wireless links, i.e., from different cells. The nature of this feature exploits the simple fact that the neighbouring cells are not busy all the time with serving UEs under their control. As a result, unused transmission opportunities can help or assist UEs residing at the cell edge of the neighbour cells, thus improving their cell edge performance. Such an approach assumes that the Mutiflow capable UE must be kept most of the time configured with the Multiflow to exploit moments of the uneven cell load. Otherwise, constant (re-)configuring  UEs with the Multiflow operation will result in the unnecessary signalling load and reduced scheduling freedom. In the legacy case, the network can switch a UE from the CELL_DCH state to a more power efficient CELL_FACH or URA_PCH/CELL_PCH state. Since the Multiflow operation is  limited to the CELL_DCH state, switching to a different state is not efficient for the reason of losing the Multiflow scheduling flexibility and increased signalling load. One of the possible solutions is to adopt the existent CELL_DCH UL DTX and DL DRX schemes for the Multiflow configuration.

Another point in adopting the DTX/DRX mechanism for Multiflow is the fact that it might be challenging, if not possible at all, to deactivate Multiflow cells at the primary frequency [5]. Since the Multiflow cells on the primary frequency are expected to be the part of the UE active set, the latter has to receive TPC commands from the corresponding NodeB(s) in the active set. As a result, a UE will not be capable to shut down completely its receiver chains, as it otherwise would do in case of the MC-HSDPA secondary cell. 

2.2. DTX/DRX operation with Multiflow

Before delving into the details into the DTX/DRX operation with Multiflow, it makes sense to make a few general observations regarding the DTX/DRX feature. As per legacy functionality, the UL DPCCH DTX timing is defined relative to CFN and uplink sub-fame (slot) timing. In addition, the DL DRX timing is derived from the uplink timing. In other words, it is also defined relative to the CFN and uplink sub-frame (slot) timing. Since in the Multiflow operation there is only one uplink, and only one HS-DPCCH, and only one CFN exist for a UE, the UL DTX operation is not affected by the HSDPA Multiflow. For exactly the same reasons, since the DRX timing is also tight to uplink, DL DRX sub-frame timing calculation is not changed by the HSDPA Multiflow.

In [4], there was a proposal to allow to have different DRT_DRX_Offset values for different sites to compensate for different HSDPA timing. However, for DTX cycle 1 and cycle 2 respectively, the DTX_DRX_offset defines the timing of the DPCCH burst pattern relative to the uplink CFN and sub-frame numbering [6]; that is, the DTX_DRX_Offset is not linked to the HSDPA frame timing. Having said that, our view is that the same DTX_DRX_Offset can be provided to both Multiflow cells regardless of timing difference in downlink. In fact, a single DTX_DRX_Offset by definition maximises the DRX on/off timing overlap of the two Mutliflow links.

2.2.1 Intra-site Multiflow

In case of the intra-site Multiflow configuration, the overall DTX/DRX functioning does not differ from the MC-HSDPA operation, for which DTX/DRX with the common state machine was already agreed and discussed. Thus, following the same principle, it is quite straightforward to enable DTX/DRX for the intra-site Multiflow.

Proposal 1: Agree to introduce DTX/DRX for intra-site Multiflow.

2.2.2 Inter-site Multiflow

To simplify the explanations, we split the further information into the UL DTX and DL DRX. For the sake of further clarity, it makes sense to mention that the UL DTX can be configured and activated without DL DRX, whereas the DL DRX always requires the UL DTX.

UL DTX

In general, the UL DTX should be straightforward to operate with Multiflow because it is only the UE who transmits discontinuously in the UL directions, whereas the Node B (s) anyway listens continuously to the UL channel for any transmission happening there. As expressed in [4], regardless of whether RAN1 adopts the joint HS-DPCCH design or go with two different HS-DPCCH structure, it is simpler to have the common UL DTX state machine.

Proposal 2: Agree to introduce UL DTX for the inter-site Multiflow.

The actual activation status of the UL DTX, as decided by the primary NodeB, may be somewhat irrelevant for the assisting NodeB(s). However, in case of Multiflow, assisting NodeB(s) listen for the UL channels not only for the purpose of the UL power control, but also for the purpose of scheduling DL data, which is based on the received CQIs. More precisely, in case of Multiflow, UE sends a compound CQI report that contains CQIs for both the primary and the assisting NodeBs. As a result, the assisting NodeB(s) may benefit from knowing whether UL DTX is on or off to optimize their internal CQI averaging algorithms, when the UE does not send UL CQI reports all the time. Since the UL DTX configuration is provided by RNC, but is activated by the primary Node B, the latter may inform about changes in the UL DTX status to all the Node B(s) taking part in the Multiflow operation. 

Proposal 3: Discuss about the need for the Iub signaling to exchange the UL DTX activation status between NodeB participating in the Multiflow operation.

DL DRX & UL DTX

At a first glance, the DL DRX operation with Multiflow may be more challenging due to the fact that a UE enters the DRX state based on the DL HS-SCCH channel activity, which is not visible to other NodeB(s) configured for Multiflow. Indeed, while one NodeB may think that the UE has entered the DL DRX cycle because of absence of activity on the HS-SCCH channel from the aforementioned NodeB, the UE may in fact listen continuously for DL channel due to the HS-SCCH activity coming from another NodeB residing in a different site. However, this case does not create any problems because even if the NodeB assumes that the UE is in DL DRX, whereas the latter is not, the UE will anyway receive the HS-SCCH from the aforementioned NodeB when it transmits on the UE DL DRX “listening” time. If neither of the NodeB(s) transmits in the DL direction thus indeed resulting in the UE entering the DRX cycle, then still it does not cause any state un-synchronization issues as long as all the NodeB(s) use the same DL DRX parameters and CFN number to calculate the DRX listening time. 
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Figure 1: Sample operation of DL DRX with two inter-site Multiflow NodeBs

From the UE point of view, there is a single DRX state machine common across the configured Multiflow cells, as in the legacy behavior. Referring to Fig. 1, suppose that NodeB2 stops scheduling data at T0. Once the UE DRX inactivity timeout expires, it will enter the DRX mode at T1, thus listening to the DL HS-SCCH channel only at particular moments of time that are synchronized between two NodeBs. Once NodeB1 wants to send the DL data, it has to wait for the next DRX “listening time”; it happens at T2. Note that Node B2 is not aware of the fact that the UE has quit DRX. However, if NodeB 2 wants to send some data later, it just has to wait for the moment of time, T3, where the UE would listen for the DL channel as if it were in the DRX cycle. The delay caused by this fact can be bounded by the time between the UE listening occasions.

Proposal 4: Agree to introduce DL DRX for the inter-site Multiflow.

Similar to the UL DTX case, the general parameters are provided by RNC, whereas the activation of the DL DRX configuration, after which a UE starts to monitor the HS-SCCH channel activity, is decided by the primary NodeB, which in turn should inform all the assisting NodeB(s) about it. However, a special care must be taken that all the NodeB(s) are aware of the activated DL DRX. Suppose, that the primary NodeB activates the DL DRX via the HS-SCCH order and a UE enters almost immediately the DL DRX cycle due to a possible small inactivity timeout. It may happen that the DL DRX activation indication reaches the other NodeB some time later, thus possibly resulting in a situation when the other NodeB tries to schedule data while a UE does not listen to the DL HS-SCCH channel. As an example, the DL DRX activation order is to be applied within the 12 slots, i.e., 8 ms. According to TS 25.331, the smallest DL DRX inactivity time is according  1 subframe, e.g., 2ms. So, if takes more than 10ms to deliver the DL DRX activation status to a NodeB in a different site, the latter can start to schedule data whereas a UE will not listen to the HS-SCCH channel.

Proposal 5: Discuss about the need for the Iub signaling to exchange the DL DRX activation status between NodeB participating in the Multiflow operation.

4. eSCC

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 6: Discuss the usage of eSCC and Multiflow. 

5. HS-SCCH-less operation

In the MC-HSDPA, the HS-SCCH-less operation is restricted to the primary serving HS-DSCH cell. Similarly,  [4] suggested to keep the same design principle in Multiflow. Even though it follows the MC-HSDPA design principle, it is not that evident how much benefit it will bring if the same traffic is split in RNC and then is received by using HS-SCCH-less operation in the serving cell, but not in the assisting cell on the same primary frequency. Thus, an alternative approach is that HS-SCCH-less operation is restricted only to the serving and assisting cells on the primary frequency.

Proposal 7: Discuss whether with Multiflow, the HS-SCCH-less operation is restricted to the primary serving HS-DSCH cell or to the serving and assisting cells on the primary frequency. 

6. Conclusions

In this paper we presented how a number of existent features can co-exist with the Multiflow operation. 

With regards to DTX/DRX, in our view, for the intra-site case, no changes are needed since functionally it is the same as MC-HSDPA. If Multiflow NodeB(s) use the same DTX/DRX parameters and rely upon the same CFN number to keep track of UE listening occasions, then DTX/DRX can be also enabled for the inter-site case. It is worth noting that such an approach is beneficial for the UE side as it does not require any changes in the existent DTX/DRX implementation in the UE.

Proposal 1: Agree to introduce DTX/DRX for intra-site Multiflow.

Proposal 2: Agree to introduce UL DTX for the inter-site Multiflow.

Proposal 3: Discuss about the need for the Iub signaling to exchange the UL DTX activation status between NodeB participating in the Multiflow operation.

Proposal 4: Agree to introduce DL DRX for the inter-site Multiflow.

Proposal 5: Discuss about the need for the Iub signaling to exchange the DL DRX activation status between NodeB participating in the Multiflow operation.

Regarding eSCC and HS-SCCH-less operation, the summary is: 

Proposal 6: Discuss the usage of eSCC and Multiflow. 

Proposal 7: Discuss whether HS-SCCH-less operation is restricted to the primary serving HS-DSCH cell or to the serving and assisting cells on the primary frequency with Multiflow. 
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