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1 Introduction

In the E-UTRAN uplink, dynamic scheduling can be used, whereby the UE receives a resource allocation indicated by the L1/L2 control channels for retransmissions or initial packet transmissions.  The timing of the L1/L2 control signalling defines exactly when the UE is to send its UL data.

This document discusses the interaction of discontinuous reception (DRX) in the UE, with dynamic UL scheduling. 

2 DL DRX Interactions

The UE has to monitor the L1/L2 control channel to decode and detect if its own C‑RNTI is present. This is required because when the network dynamically allocates UL resources it sends a Resource Allocation (RA) on the L1/L2 downlink control channels: any default allocation of time and frequency resource may be overridden by a new allocation signalled in the L1/L2 control channel, or the L1/L2 control channel may be used to schedule uplink resources in response to a request from the UE. 

The resource allocation would typically contain an indication of the frequency resource and the Modulation / Coding Scheme (MCS) that the UE should use for the uplink transmission. The timing of the uplink transmission is currently assumed to be a fixed time offset from the reception of the L1/L2 downlink control information. 

Figure 1 shows an example of the case where DRX is not used (i.e. DRX ratio of 1). In this example a UE’s request for UL resources (e.g. using RACH) is indicated by the green box. This request is received by the network which will decide when to send a L1/L2 control signal back to the UE to allocate UL resources. The timing of this signal is determined by the network, knowing that the UE will use a specific time slot defined by a fixed offset from the point at when the UE receives and decodes the control signalling. This offset is currently assumed to be a single static value. 
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Figure 1 UL Operation without DRX

To reduce the power consumption of the UE, a DRX cycle can be configured such that the UE can receive a DL signal only during the active period of a Discontinuous Reception (DRX) cycle. The operation of DRX will therefore reduce the flexibility with which the network can schedule at what point in time a particular UE can use an Uplink radio resource.
In the example shown in figure 2, DRX is used by the UE according to a DRX cycle configured by the network. This means that the reception of the downlink L1/L2 control signals is limited to certain defined points in time. For example the DRX cycle shown only allows the UE to listen to the control channel in one out of every 6 TTI. In this case the fixed time offset between the L1/L2 control signalling and the corresponding UL resources means that only one in six uplink transmission opportunities can be used. This reduces scheduling flexibility between UEs, as different UEs cannot use the same uplink resources. 

Some of this flexibility can be regained by allowing the network to send an indication of timing offset together with the resource allocation in the L1/L2 control signalling. This timing offset information is indicated by the blue box in Figure 2. The timing offset indicator allows the network to signal to the UE a resource allocation in different UL TTIs – in this example either red box 1 or red box 2.
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Figure 2 UL Operation with DRX

The amount of timing offset information should, however, be minimised in order to reduce overhead. For example, it is obvious that this information is not needed at all when DRX is switched off. In general, the lower the DRX “on” ratio, the more bits could be needed to indicate the UL timing offset. 

It therefore makes sense for the amount of extra information included in the L1/L2 control signalling to vary depending on the DRX cycle parameters configured for the UE. In the case of a DRX cycle configured in such a way that the UE only listens for DL control signals for short ”on” subframes, with long “off” subframes, more bits may be used in the L1/L2 control signals to indicate the actual UL resource timing offset.

In the case of Non Real Time (NRT) services, if the L1/L2 control information can signal an allocation to the UE, then the UE should go to non-DRX mode, immediately returning the full flexibility of uplink resource allocation to the network. However, it is still useful to give the network the flexibility of additional information for the timing of the uplink resources for this subframe (containing the implicit “end DRX” control message) even if it is not required for any subsequent subframes (until the UE enters DRX mode again). More importantly, the indication of a timing offset in the L1/L2 control information can also allow the use of long DRX cycles with very short “on” periods (even only one TTI) whilst maintaining flexible uplink resource allocation. 

3 Conclusions

The fixed time offset between the L1/L2 control signalling and the corresponding UL resources means that the network does not have full flexibility as to when it can allocate uplink resources for a UE. 

We therefore propose that the UL resource allocation on the L1/L2 control channel should be able to include an indication of a timing offset relative to the timing of the L1/L2 control information.

In order to reduce the overhead of this additional timing offset information, the amount of extra information included in the L1/L2 control signalling should be a fixed function of the DRX cycle parameters configured for the UE – e.g. 1 or 2 bits when a DRX cycle is configured, and 0 bits when no DRX cycle is configured.

4 References

[1] 3GPP TS 36.300: "E-UTRA and E-UTRAN Overall Description; Stage 2".
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