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1 Introduction

In this contribution (a revision of R1-074627) we discuss the interactions between DL DRX at the UE and the scheduling of UL resources, and the impact this has on the design of the uplink resource allocation message for the PDCCH. 

2 Interactions between DL DRX and UL resource allocation

It currently seems to be generally assumed that an UL resource allocation message on the PDCCH corresponds to a fixed uplink subframe (i.e. with a fixed timing offset from the reception of the PDCCH, according to the uplink-downlink timing relationship). 

In the case of a DRX pattern being configured for a UE, the UE would only be able to monitor the PDCCH in certain periodic DL TTIs. For example, with a DRX cycle of ¼, only one in four of the UL subframes would be able to be allocated for this UE. 

This significantly reduces the eNodeB’s scheduling flexibility between UEs, as different UEs cannot use the same uplink resources. Moreover, it implies that the eNB would have to coordinate the DL DRX patterns between different UEs in order to ensure that the UL resources could be used efficiently. 

Changes in UL traffic patterns could result in the eNodeB having to reconfigure the DL DRX patterns, which would itself reduce the UE battery saving opportunities from DRX. Alternatively, the need to preserve flexibility in UL resource allocation could result in the network assigning shorter DRX periods than could otherwise be used, thus adversely impacting UE battery consumption. 

3 Design of UL Resource Allocation Message

In order to overcome the above problem, it should be possible to indicate a timing offset in the uplink resource allocation message. 

In the example shown in figure 1, the DRX cycle only allows the UE to listen to the PDCCH in one out of every 6 TTIs. In this case a fixed time relationship between the PDCCH resource allocation message and the corresponding UL resources would mean that only one in six uplink transmission opportunities could be used. However, by appending some timing offset bits (shown in blue) to the resource allocation message, some of this flexibility can be regained (for example allowing either of the red uplink subframes to be scheduled for this UE).
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Figure 1: UL resource allocation with DRX

The number of bits required for the timing offset indication depends on the range of DRX cycles that can be configured and the degree of flexibility that is required for UL resource allocation. 

If full UL resource allocation flexibility is to be retained regardless of the DRX cycle length, then the number of bits required for the timing offset indication is given by 
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 where R is the DRX ratio (“on” subframes / total subframes): for example, with a DRX ratio of 0.125, 3 bits would be needed to indicate one of eight possible timing offsets.

A reasonable initial assumption would be 2 bits, enabling resources in any of four different UL TTIs to be allocated from one DL TTI. A single bit would offer less flexibility, but may be enough in practice.

These 2 bits would not be needed if no DRX pattern was configured for the UE. The UE could therefore determine the presence or lack of these 2 timing offset bits by whether or not a DRX pattern was configured, thus avoiding the need for blind detection of any more PDCCH message formats. 

The 2 bits could either be appended to the UL resource allocation message (to make a longer message) or stolen from the UL resource allocation message (to keep the total message size constant). The latter may be preferable for the layer 1 design; in this case, one possibility could be not to allow allocation of the largest UL resource allocations when DL DRX is active, as this would probably be an unlikely scenario. 

Particularly for long DRX cycle it would be worthwhile configuring (per UE) the values of the timing offsets by RRC signalling.

4 Conclusion

If the PDCCH in one DL TTI can only allocate UL resources in one UL TTI (fixed timing relationship), then the use of DL DRX for UE battery saving purposes can limit UL scheduling flexibility. 

We therefore propose to incorporate 2 (or possibly 1) timing offset bits in the UL resource allocation message when a DRX cycle is configured.

It should be possible to configure the values of the timing offsets (in a UE specific way).
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