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1. Introduction

At the RAN1 #76bis meeting, there were discussions on using half duplex (HD)-FDD for reducing the Cat. 0 UE cost. In the discussion, HD-FDD with single oscillator, which is different from the current assumptions for HD UE in LTE, i.e., HD-FDD with dual oscillators, is presented as a possible candidate for low cost MTC operation. In this contribution, we present the cost reduction effect and possible specification impacts for introducing HD-FDD with a single oscillator.
2. Operation of HD-FDD with Single Oscillator
Although half duplex (HD) feature is specified as a band specific capability, all FDD frequency bands specified so far are full duplex (FD)-only bands. Hence it is assumed that current FDD eNBs are designed only for FD-only operation. If we assume a future NW scenario in which FD and HD UEs are mixed, eNB scheduler should be redesigned to support FD and HD UEs simultaneously. Although there are two types for HD-FDD terminals, i.e., HD-FDD with single and dual oscillators, and they mainly differ from the duration for UL/DL switching period (guard period), they should be operated by common scheduler to avoid eNB complexity.
Proposal 1: Specification for HD-FDD with single oscillator should be designed to able to be operated by the eNB which supports HD-FDD with dual oscillator.

3. Cost Reduction Effect
In the low cost MTC SI, a cost reduction effect for introducing HD-FDD was investigated compared to that for FD-FDD. For the HD-FDD, the UE is equipped with a RF switch, which is relatively inexpensive compared to the duplexer required for FD-FDD UEs, and a cost reduction effect can be anticipated. In addition, it is possible to reduce the cost for the baseband module through reduced complexity and memory. In particular, HD-FDD provides the total UE cost saving of 7-10% compared to the reference LTE modem, i.e., FD-FDD using Cat. 1 [1].

In addition, it was presented that an additional cost reduction can be achieved by reducing the number of oscillators for HD-FDD, i.e., HD-FDD with a single oscillator. Although the cost for oscillators is not fully investigated in the SI phase, the ratio in the reference LTE modem is roughly estimated to be 4-8%, if the cost for the oscillators is assumed as 10-20% of RF modules or 1/3 of RF transceiver. Hence, the cost reduction effect for the RF module by reducing the oscillator is roughly estimated to be 2-4%, i.e., half of the cost for oscillators. Furthermore, the cost for the HARQ buffer is possibly reduced, since the number of HARQ processes might be reduced due to the longer guard period (GP) for a single oscillator operation. For instance, assuming that the number of HARQ processes is reduced by 1 (from 4 to 3), the cost saving effect for the BB module is roughly estimated to be 0.8-1.1% 
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. In total, the cost reduction effect for HD-FDD with a single oscillator compared to that with dual oscillators is roughly estimated to be 2.8-5.1%. Considering that the oscillator cost is not fully investigated in the SI phase, HD-FDD with a single oscillator should be considered only if the cost saving effect is clearly shown.
Observation 1: Cost reduction effect for introducing HD-FDD with a single oscillator, compared to that with dual oscillators is roughly estimated to be 2.8-5.1%.

Proposal 2: HD-FDD with a single oscillator should be considered only if the cost saving effect is clearly shown.
4. Possible Specification Impacts
4.1 Guard period for Rx-to-Tx switching
For the legacy LTE release, it is assumed that the HD-FDD UE is implemented with dual oscillators and the guard period for Rx-to-Tx switching is specified as follows [2].


[image: image2]
According to the LS from RAN4 [3], the guard period is further extended up to 1 ms when HD-FDD UE is implemented with a single oscillator, since additional time is required for signal adjustment. This value includes the round trip time (RTT) of 667 s, which assumes the cell radius of 100 km, and the required time purely for oscillator switching is approximately 250 s based on the investigation in RAN4 [4, 5]. Possible alternatives for the guard period for HD-FDD with a single oscillator for Rx-to-Tx switching below and in Fig. 1, where Alt. 1 enables the same procedure for the HD-FDD in legacy releases.
· Alt. 1: For the half-duplex FDD operation with a single oscillator, a guard period is created by the UE by not receiving the last part of a downlink subframe immediately preceding an uplink subframe from the same UE.
· Alt. 2: For the half-duplex FDD operation with a single oscillator, a guard period is created by the UE by not transmitting the first part of an uplink subframe immediately following a downlink subframe from the same UE.
· Alt. 3: For the half-duplex FDD operation with a single oscillator, a guard period is created by the UE by not receiving the downlink subframe immediately preceding an uplink subframe from the same UE.
· Alt. 4: For the half-duplex FDD operation with a single oscillator, a guard period is created by the UE by not transmitting the uplink subframe immediately following a downlink subframe from the same UE.
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Figure. 1. Guard period of HD-FDD with single oscillator (Rx-to-Tx switching)
As we discussed in Sec. 2, eNB scheduler should not be changed only for HD-FDD with single oscillator. In this sense, Alt. 3 and 4 should be avoided, since these alternatives require different scheduling procedure for HD-FDD with single and dual oscillators. In particular, Alt. 3 reduces the scheduling flexibility for the PCFICH, PHICH, PDCCH and the other common channels. These alternatives are also not preferred in terms of the scheduling flexibility, i.e., available subframe is absolutely reduced. Considering the commonality between HD-FDD with single and dual oscillators, Alt. 1 should be adopted for Rx-to-Tx switching for HD-FDD with a single oscillator.
Proposal 3: The current GP definition for Rx-to-Tx switching is applied for low cost MTC UEs, i.e., a guard period is created by the UE by not receiving the last part of a downlink subframe immediately preceding an uplink subframe from the same UE, if HD-FDD with a single oscillator is introduced.
4.2 Guard period for Tx-to-Rx switching
Unlike the case of Rx-to-Tx switching, the guard period has not been specified for Tx-to-Rx switching, since the switching period is covered by the transient period and/or timing advance. However, for the HD-FDD with a single oscillator, the guard period should be newly introduced, since a longer switching time is necessary for signal adjustment. Possible alternatives for the guard period for HD-FDD with a single oscillator for Tx-to-Rx switching are shown below and in Fig. 2.
· Alt. 1: For the half-duplex FDD operation with a single oscillator, a guard period is created by the UE by not transmitting the last part of an uplink subframe immediately preceding a downlink subframe from the same UE.
· Alt. 2: For the half-duplex FDD operation with a single oscillator, a guard period is created by the UE by not receiving the first part of a downlink subframe immediately following an uplink subframe from the same UE.
· Alt. 3: For the half-duplex FDD operation with a single oscillator, a guard period is created by the UE by not transmitting the uplink subframe immediately preceding an uplink subframe from the same UE.
· Alt. 4: For the half-duplex FDD operation with a single oscillator, a guard period is created by the UE by not receiving the downlink subframe immediately following an uplink subframe from the same UE.
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Figure. 2. Guard period of HD-FDD with single oscillator (Tx-to-Rx switching)
Similar to the discussion for Rx-to-Tx switching, Alt. 1 or 2 is preferred, since Alts. 3 and 4 require different scheduling procedure for HD-FDD with single and dual oscillators. On the other hand, for Alt. 2, there is a risk of losing the DL channels especially for the PCFICH, PHICH and PDCCH which are mapped to the first several symbols in the DL subframe. This leads to a reduction in scheduling flexibility not only for the DL transmission including common channels but also for UL transmission, since the PHICH cannot be received. On the other hand, for Alt. 1, the last several symbols are dropped and the UL performance is degraded. This is relevant to all the UL subframes that are not followed by a successive UL subframe. The GP for Tx-to-Rx should be considered.
Proposal 4: GP for Tx-to-Rx switching should be downselected from following two alternatives, if HD-FDD with a single oscillator is introduced.
· Alt. 1: For the half-duplex FDD operation with a single oscillator, a guard period is created by the UE by not transmitting the last part of an uplink subframe immediately preceding a downlink subframe from the same UE.
· Alt. 2: For the half-duplex FDD operation with a single oscillator, a guard period is created by the UE by not receiving the first part of a downlink subframe immediately following an uplink subframe from the same UE.
4.3 Number of HARQ processes

In the current specification, the number of HARQ processes for HD-FDD is the same as that for FD-FDD operation, although, in principle, it is possible to reduce the number down to four. Considering the consistency between single and dual oscillators, the number of HARQ processes should not be revised only for HD-FDD with a single oscillator.
Proposal 5: The number of HARQ processes should not be revised only for HD-FDD with a single oscillator.
5. Summary

In this contribution, we discussed our views on half duplex-FDD with single oscillator for low cost MTC. Observations and proposals are given below.
Proposal 1: Specification for HD-FDD with single oscillator should be designed to able to be operated by the eNB which supports HD-FDD with dual oscillator.

Observation 1: Cost reduction effect for introducing HD-FDD with a single oscillator, compared to that with dual oscillators is roughly estimated to be 2.8-5.1%.

Proposal 2: HD-FDD with a single oscillator should be considered only if the cost saving effect is clearly shown.

Proposal 3: The current GP definition for Rx-to-Tx switching is applied for low cost MTC UEs, i.e., a guard period is created by the UE by not receiving the last part of a downlink subframe immediately preceding an uplink subframe from the same UE, if HD-FDD with a single oscillator is introduced.
Proposal 4: GP for Tx-to-Rx switching should be downselected from following two alternatives, if HD-FDD with a single oscillator is introduced.

· Alt. 1: For the half-duplex FDD operation with a single oscillator, a guard period is created by the UE by not transmitting the last part of an uplink subframe immediately preceding a downlink subframe from the same UE.
· Alt. 2: For the half-duplex FDD operation with a single oscillator, a guard period is created by the UE by not receiving the first part of a downlink subframe immediately following an uplink subframe from the same UE.
Proposal 5: The number of HARQ processes should not be revised only for HD-FDD with a single oscillator.
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6.2.5	Guard period for half-duplex FDD operation


For half-duplex FDD operation, a guard period is created by the UE by not receiving the last part of a downlink subframe immediately preceding an uplink subframe from the same UE.
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