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1 Introduction

Low cost UEs are envisioned for a wide range of applications including ones that require very low data rates, such as metering, and ones that require moderate data rates of few hundred Kbps such as monitoring cameras [1]. Due to the requirement for a network to support a very large number of low cost UEs, despite the typically (but not always) delay-tolerant nature of respective applications, control signaling overhead can become a bottleneck that results to decreased spectral efficiency and scheduler constraints. For example, the DCI format size can be within the same order of magnitude as the data TB size and, due to the lower target BLER for the DCI format, a similar amount of resources can be required to transmit a DCI format and to transmit an associated data TB. Then, ~50% of DL resources required to transmit a data TB can represent overhead thereby making dynamic scheduling very “expensive”. 
For low cost HD-FDD UEs [2] and due to the 1 subframe switching time, there can be at most 3 UL subframes in a frame where the low cost HD-FDD UE can transmit PUSCHs scheduled by UL DCI formats in respective DL subframes. Then, a significant (70%) reduction in supportable UL data rates occurs for low cost HD-FDD UEs relative to FD-FDD UEs. This reduction in supportable data rates also increases the power required by a low cost HD-FDD UE to transmit a data packet.  
This contribution considers UE-group scheduling to reduce DL control signaling overhead and multi-subframe scheduling to improve data rates for low cost HD-FDD UEs and to also reduce DL control signaling overhead. Although one subframe is considered as the time unit for DL/UL transmissions, the same analysis applies for an M-subframe corresponding to repetitions for DL/UL transmissions over a number of sub-frames.
2 UE-Group Scheduling
The basic principle for UE-group scheduling is that a number of low cost UEs can be treated as a single one and be jointly scheduled in preconfigured or implicitly determined resources with preconfigured transmission parameters (e.g. MCS). In this respect, UE-group scheduling is similar to SPS but transmissions are dynamically triggered instead of being preconfigured. UE-group scheduling can apply, for example, to low cost UEs supporting similar applications (i.e. having similar traffic requirements) and experiencing similar channel conditions and it can be facilitated by the limited mobility that frequently exists for low cost UEs and results to semi-static channel environments for the low cost UEs in a group. 
Similar to SPS, UE-group scheduling can be used as a complement and it can co-exist with UE-specific scheduling for a low cost UE. The DL/UL DCI formats for UE-group scheduling can have the same size as the respective DL/UL DCI formats for UE-specific scheduling. Only the RNTI needs to differ with a UE-group-RNTI being used for UE-group scheduling. Therefore, UE-group scheduling can be a network choice and does not require additional implementation by the low cost UE (e.g. additional blind decoding operations). 

A UE-group specific DCI format can be based on the same principle as DCI format 3/3A. Each low cost UE can be configured a position in the DCI format where a bit can indicate whether or not the low cost UE is scheduled. In this respect, UE-group scheduling combines the advantages/disadvantages of dynamic scheduling and of SPS in that it provides the network the flexibility when to schedule PDSCH receptions or PUSCH transmissions to the group of low cost UEs and which low cost UEs to schedule from the group (advantage of dynamic scheduling) while minimizing the required DL control signaling resources compared to the resources needed for PDSCH receptions or PUSCH transmissions (advantage of SPS). 
Proposal 1: Support scheduling of PDSCH receptions or PUSCH transmissions to a group Rel-13 low cost UEs using a single DCI format. 

3 Multi-Subframe Scheduling
Multi-subframe scheduling has been considered in the past for FD-FDD UEs and for TDD UEs in order to reduce DL control signaling overhead or to accommodate a limited number of DL subframes as for TDD UL/DL configuration 0. For low cost HD-FDD UEs, an additional motivation for multi-subframe scheduling is to increase the data rates and somewhat reduce the number of switching subframes. 

Assuming the conventional timing relationship where, in response to an UL DCI format a low cost HD-FDD UE detects in subframe n, the low cost HD-FDD UE transmits PUSCH in subframe n+4 and receives an acknowledgement or a subsequent UL DCI format is subframe n+8, a maximum number of UL subframes per frame where the low cost HD-FDD UE can transmit PUSCH is limited to about 3 as shown in Figure 1 (in general, the subframes can be anywhere in the frame). 
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Figure 1: Maximum number of subframes with PUSCH transmission for a low-cost HD-FDD UE.
The DL control overhead and, more importantly, the data rate and the power consumption for a low cost HD-FDD UE can be improved by using multi-subframe scheduling as shown for example in Figure 2. The UL data rate in Figure 2 can be increased by a factor of 2.33 relative to the UL data rate in Figure 1. Multi-subframe scheduling can also be used for PDSCH transmissions.
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Figure 2: Multi-subframe scheduling for a low-cost HD-FDD UE.

The additional functionalities for an UL DCI format to support multi-subframe scheduling are similar to the ones discussed for TDD UL/DL configuration 0 in Rel-8. The UL index field needs to have a larger size than 2 bits in order to achieve a large UL data rate increase – in Figure 2 the size needs to be 7 bits. Also, if PHICH functionality is not supported, the NDI field may also need to have the same size as the UL index field unless time-domain bundling is used (for low cost HD-FDD UEs experiencing a quasi-stationary channel, time-domain bundling does not introduce meaningful loss in spectral efficiency). No other changes are needed in the UL DCI formats. Therefore, the UL DCI format size can increase but the increase in not significant relative to the one for single-subframe scheduling and DL control overhead is still significantly reduced as a single DCI format can schedule multiple PUSCH transmissions. 
Proposal 2: Support multi-subframe scheduling for PUSCH transmissions from low cost HD-FDD UEs. 

4 Conclusions

This contribution considered reductions in the DL control signaling overhead, which can be as large as ~50% of the DL resources associated with DL/UL data TB transmissions for low cost UEs, and increases in UL data rates that can be supported for low cost HD-FDD UEs. In particular, the following are proposed.
Proposal 1: Support scheduling of PDSCH receptions or PUSCH transmissions to a group Rel-13 low cost UEs using a single DCI format. 

Proposal 2: Support multi-subframe scheduling for PUSCH transmissions from low cost HD-FDD UEs. 
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