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1 Introduction

In RAN4#74 meeting, the RRM test case list for UE category 0 was agreed in [1]. In this contribution, we discuss the subframe pattern for the performance tests of half-duplex FDD category 0 UEs. 
2 Discussions
Half-duplex FDD operation for UE category 0 has been discussed in several RAN4 meetings. Compared to full-duplex FDD operation, the main difference is that the uplink and downlink cannot take place simultaneously and one subframe is required to switch from uplink to downlink or from downlink to uplink. 
As defined in TS36.133 [2], in non-DRX mode, the HD-FDD category 0 UEs are required to meet the core requirements under the following conditions.
· Radio link monitoring

· at least 1 DL subframe per radio frame of PCell is available at the UE during Qin_Cat0  and Qout_Cat0 evaluation periods.
· Cell identification

· at least downlink subframe # 0 or downlink subframe # 5 per radio frame of an intra-frequency cell to be identified by the UE is available at the UE over Tidentify_intra_UE cat 0;

· RSRP/RSRQ measurements
· at least one downlink subframe per radio frame of measured cell is available at the UE for RSRP and RSRQ measurements  assuming measured cell is identified cell over Tmeasure_intra_UE cat 0.

In practical network, UE should monitor subframe #0 for MIB, subframe #5 for SIB-1, subframe #9 for paging and etc. And after decoding those kinds of system information, UE could negotiate with the network in which subframes the uplink transmission could be scheduled. If the UE receives downlink data in subframe #n, then UE should feedback ACK/NACK in subframe #n+4. Then the subframe #n+4 should be used for uplink transmission by HD-FDD category 0 UEs. 
According to the above mentioned, the proposal on subframe pattern for HD-FDD is,
Proposal 1: the following conditions shall be considered while defining subframe pattern for HD-FDD test for UE category 0:
· UE receive PSS/SSS/PBCH/SIB-1 in subframes #0 or #5.
· At least one DL subframe per radio frame shall be available for RLM and RSRP/RSRQ measurements.
· 1ms of DL to UL and UL to DL switching period

· HARQ-ACK to be reported 4 subframes after PDSCH reception

· UE should read paging message in order to know SIB update and it is usually transmitted in subframe #9.
2.1 Pattern with 8ms periodicity
In a demodulation WF [3] approved in RAN4#71 meeting, it was mentioned that,

· Schedule the same subframes for downlink transmission during the test for MTC HD-FDD and FDD demodulation performance requirements
· The purpose is to apply the same demodulation performance requirements for both FDD and Half duplex FDD MTC UE and reduce the test case number;
· Investigate scheduling pattern with 8ms periodicity to protect the uplink HARQ time line
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Figure 1. Scheduling pattern for MTC UE HD-FDD and FDD performance tests
The scheduling pattern in Figure 1 was agreed for MTC demodulation performance and CSI requirements [4]. Although the demodulation WF is for testing facilitation, the scheduling pattern with 8ms periodicity can be considered as a baseline for discussion in RRM. From the pattern given in figure 1, one DL subframe per radio frame can be guaranteed for radio link monitoring and RSRP/RSRQ measurements. During every 40ms, there are two of subframes #0 available for MIB, one of subframe #5 available for SIB-1, one of subframe #9 available for paging. However, we can see that both subframe #0 and #5 of frame #3 are not used for downlink transmission, which cannot make UE always receive subframe #0 or #5 within a radio frame for cell identification. From the performance perspective of cell identification, our paper R4-141772 [5] shows that even using 40ms sample rate the cell identification requirement can also be met for 1Rx case. So, if three of DL subframes #0 or #5 of the cell to be identified are available at the UE in every 40ms, the cell identification performance will not be impaired.
2.2 Pattern with 10ms periodicity
In demodulation stage, UE assumes 8ms periodicity of UL and DL switching with up to 3 HARQ processes. This setting would be feasible for actual network; however when we look at TS36.133, most of RRM test configurations designed based on one frame (10ms) periodicity and our preference is to keep this way to reduce the total work cost.
If we consider the above mentioned restrictions, there is one possible UL/DL transmission patterns shown in Figure 2 for 10ms periodicity:
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Figure 2. 
10ms periodicity subframe pattern for HD-FDD.

It can be observed in figure 2 that both subframe #0 and #5 are always available for cell identification. There are sufficient DL subframes per radio frame to evaluate radio link quality and perform RSRP/RSRQ measurements. Also, UE could monitor subframe #0 for MIB, subframe #5 for SIB-1, subframe #9 for paging message in every radio frame. If considering HARQ-ACK to be reported 4 subframes after PDSCH reception, only subframe #8 and #9 could be used for PDSCH transmission.
Based on the above discussion, the following is proposed.
Proposal 2: The subframe pattern of 8ms periodicity is suggested for all HD-FDD tests for UE category 0
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3 Conclusion

This contribution provides a discussion on subframe pattern of HD-FDD test case for UE category 0. The following proposals are given:
Proposal 1: the following conditions shall be considered while defining subframe pattern for HD-FDD test for UE category 0:
· UE receive PSS/SSS/PBCH/SIB-1 in subframes #0 or #5.
· At least one DL subframe per radio frame shall be available for RLM and RSRP/RSRQ measurements.
· 1ms of DL to UL and UL to DL switching period

· HARQ-ACK to be reported 4 subframes after PDSCH reception

· UE should read paging message in order to know SIB update and it is usually transmitted in subframe #9.
Proposal 2: The subframe pattern of 8ms periodicity is suggested for all HD-FDD tests for UE category 0
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We suggest the things above should be considered in the finalization of the MTC test cases.
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