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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]. During the RAN2#77 meeting, there was an agreement to introduce DTX/DRX for the intra-site Multiflow operation, and DTX for the inter-site case. As asked by a few proponents, more discussions are needed on the DL DRX for inter-site Multiflow.

With this discussion paper, we elaborate further on feasibility of enabling DL DRX for the inter-site Multiflow case and propose to introduce that functionality. 

2. DL DRX operation with Multiflow

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-)configurations of  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 DL DRX scheme for the Multiflow configuration.

2.2 Functional details

At a first glance, the DL DRX operation with Multiflow may seem to be 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. More specifically, if one Node B schedules the UE on the HS-SCCH the UE will be active for Inactivity_Threshold_for_UE_DRX_cycle and will be monitoring both cells. However the second Node B is not aware of this activity and therefore will not be able to use these periods to schedule the UE, as it will assume that the UE is inactive.  However, this case does not create any problems because even if the NodeB thinks that the UE is in DL DRX, whereas the latter is not, the NodeB will just transmit on HS-SCCH on the UE next scheduling opportunity. While this is not optimal from a network scheduling point of view, we do not think it is critical enough to warrant a change in DRX behaviour in the UE or a complex network solution that requires fast coordination between cells.  The most important aspect in this scenario is the fact that the UE will be able to have idle opportunities for battery savings purposes and there will be no risk of data loss.  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 because each site will follow DRX rules independently and will not transmit data to the UE until the next scheduling opportunity according to each respective DRX cycle. 
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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. . Once NodeB1 wants to send the DL data, it has to wait for the next UE scheduling opportunity; it happens at T2. Note that NodeB2 is not aware of the fact that the UE has quit DRX. However, if Node 2 wants to schedule some data, 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 configured DRX cycle length.

Proposal 1: Agree to introduce DL DRX for the inter-site Multiflow.

3. Conclusions

In this paper, we presented the technical details on the DL DRX for the inter-site Multiflow scenario. As explained in the paper, as in the legacy case, a UE may rely upon the common DRX state machine and stop listening to the HS-SCCH channel when the MAC inactivity expires in absence of data coming from either of NodeBs. Such an approach is beneficial for the UE side as it does not require any changes in the existent DRX implementation in the UE. 

Proposal 1: Agree to introduce DL DRX for the inter-site Multiflow.

References 

[1] RP-111375 “HSDPA Multiflow Transmission, Work Item Description”

[2] R2-115070, “General considerations on the HSDPA Multiflow ”, Nokia Siemens Networks

[3] R2-114899, “Initial considerations on HSDPA Multiflow data transmission”, Huawei, HiSilicon

[4] R2-116021, “Discussion on Multiflow and CPC”, Huawei, HiSilicon

