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1
Introduction
The new Rel-12 low-cost MTC UE will support half-duplex FDD operation, as well as full-duplex FDD and TDD operations.  To support demodulation and RRM performance requirements of HD-FDD UE, it was generally agreed to “align the test setups as much as possible for HD-FDD and FDD test cases” in the agreed WF in RAN4 #70bis meeting [1].  The related agreement on HD-FDD operation is copied and pasted here [1]:
· The LCMTC demodulation performance and CSI requirements shall cover FDD, HD-FDD and TDD;
· How to cover HD-FDD and full duplex FDD:
· Option 1: Align the test setup as much as possible for HD-FDD and FDD test cases:
· Specify and schedule the same subframes for downlink transmission during the test for HD-FDD and FDD test cases
· Other options are not precluded.
One effort to align the test setups for HD-FDD is to use two-stage uplink-downlink transmission/scheduling patterns for HD-FDD UE [2].

This contribution further addresses this issue to discuss DL/UL transmission restrictions on HD-FDD UE.
2
Discussion
The half duplex FDD UE has its UL/DL subframes restrictions because of the Rx/Tx switching timing gap (largely due to the single oscillator implementation).  From the reply LS to RAN1 [3], it is indicated that

· For low complexity HD-FDD MTC UE, the Rx-to-Tx switching time is up to 1ms if single oscillator is used 

· For low complexity HD-FDD MTC UE, the Tx-to-Rx switching time is up to 1ms if single oscillator is used 
· The definitions of Tx-to-Rx and Rx-to-Tx guard period need to be clarified in TS36.211 for low complexity HD-FDD MTC UE.

Based on this LS, 1ms gap is needed for both Rx-to-Tx and Tx-to-Rx switching for HD-FDD MTC UE.  Although RAN1 is still discussing on the impact of the single oscillator implementation, we will use the assumption of 1ms gap as the basis for discussion in the contribution.
During the RAN4 discussion on HD-FDD operation in [2], it is pointed out that subframe #0 and subframe #5 shall be used for DL transmission because of MIB and SIB-1 transmission.  The HD-FDD UE, like full duplex UE, shall read MIB and SIB information.  As pointed out in [2], if the MTC UE uses subframe #0 as its DL PDSCH transmission, the UE must send back ACK/NACK in subframe #4 with a UL subframe.  But the subframe #5 should be a DL subframe.  Therefore, there will be no switching time for the UL-to-DL switching between subframe #4 and subframe #5.  
The solution provided in [2] is to define the two-stage UL-DL transmission/scheduling patterns.  The first stage keeps the subframe #0 and subframe #5 as DL; while the 2nd stage ignores the DL restrictions on subframe #0 and #5 for testing purpose.  
2.1
Restrictions on HD-FDD UL/DL subframe scheduling?
Based on [2], there are certain restrictions for DL transmission of half duplex FDD UE:
1. Subframe #0 and subframe #5 shall be DL subframes;

2. One subframe (1ms) is reserved as the switching gap between any DL/UL switching;

3. For a DL transmission on subframe #n, an ACK/NACK message in UL will be sent on subframe #n+4.

These subframe scheduling restrictions limit possible UL sbuframe allocation for a half-duplex FDD UE.  Following these restrictions, for example, subframe #0 and #1 cannot be the UL subframe.  The only UL possibilities are subframe #2, #3, or #7, #8.  When subframe #2 is a UL subframe for DL data ACK/NACK, it can serve as the ACK/NACK UL subframe for a DL subframe at previous subframe #8.  The limitation for UL subframes is quite strict.  But, do we really need these subframe restrictions for HD-FDD UE performance tests?
The MIB and SIB1 in subframe #0 and #5 are only needed during initial access and when system information (SI) is changed.  In normal operation when the HD-FDD UE is in the connected mode, eNB has the freedom to schedule these two subframes as UL.  There is no need for HD-FDD UE to constantly read MIB/SIB1 at every subframe #0 and #5.  When system information (SI) is changed, UE will be paged to read MIB/SIBs.

Based on the WF [1], RAN4 shall determine the LCMTC demodulation performance and CSI requirements for both full duplex FDD and half-duplex FDD.  At least for demodulation test, the allocation of DL and UL subframes of HD-FDD UE are under eNB control.  The only restriction on the DL/UL subframes is the switching gap between Rx and Tx of HD-FDD UE.  

Although RAN1 is still discussing about the maximum HARQ process for half duplex FDD UE [4], at least three HARQ processes can be supported for half-duplex FDD UE, as shown in Figure 1.
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Figure 1    HD-FDD operation with 3 HARQ processes
In summary, there is no need to consider the restrictions of subframe #0 and subframe #5, at least for demodulation tests of half-duplex FDD UE.  eNB should have the freedom to schedule UL transmission at subframe #0 and subframe #5 for half-duplex FDD UE.  The UE does not need to read SI information at every subframe #0 and subframe #5.  Based on this analysis, we propose:
Proposal 1:
There is no need to consider UL restrictions of subframe #0 and subframe #5 for HD-FDD UE demodulation tests.

Figure 1 provides a simple DL/UL configuration with three HARQ processes.  This allocation is one of efficient DL/UL subframe allocation for half-duplex FDD, although there are other possible DL/UL subframe configurations.  We propose to use the DL/UL subframe configuration in Figure 1 when HARQ is considered for demodulation test.
Proposal 2:  Use the DL/UL subframe configuration shown in Figure 1 when HARQ is considered for HD-FDD UE demodulation tests.
3
Conclusion

This contribution provides an analysis on potential UL/DL subframe scheduling restrictions due to FDD half-duplex operation.  Based on the analysis of restrictions, there is no need to restrict UL scheduling of subframe #0 and #5 for half-duplex FDD UE.    

In summary, two proposals are presented for consideration in test setups for half-duplex FDD DL performance:
Proposal 1:
There is no need to consider UL restrictions of subframe #0 and subframe #5 for HD-FDD UE demodulation tests.
Proposal 2:
Use the DL/UL subframe configuration shown in Figure 1 when HARQ is considered for HD-FDD UE demodulation tests.
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