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1
Introduction
In RAN1 76bis meeting, half-duplex FDD operation for category-0 was discussed including single oscillator based HD-FDD UE. The RAN4 LS reply [1] indicated that the Rx-to-Tx and Tx-to-Rx switching time may require up to 1ms if a single oscillator is implemented at the UE receiver. Since a separate oscillator for uplink and downlink has been assumed for legacy HD-FDD UE which may require much smaller switching time, there could be potential issues to support a single oscillator based HD-FDD UE due to the longer switching time. As an outcome of the discussion, the following open issues for HD-FDD UE support were listed up and captured in the chairman’s note [2]:

Conclusion:

· FFS till RAN1#77 focusing on at least the following areas:

· Whether or not current specification is sufficient to handle Tx/Rx and Rx/Tx switching

· Assumption of the number of local oscillators

· # of HARQ processes

· Soft buffer management

· Impact, if any, on PDCCH monitoring and CSI reporting

· Impact, if any, on PHICH handling

In this contribution, we discuss on the listed open issues for HD-FDD operation support to finalize the new UE category definition.
2
Discussion
The half-duplex FDD (HD-FDD) operation has been supported from Rel-8 for legacy HD-FDD UEs by eNB scheduler. An eNB may schedule either uplink or downlink in each subframe for HD-FDD UE if a UE reports its HD-FDD capability as a part of ue-Category. Therefore, the half-duplex operation in LTE network heavily relies on eNB implementation as the eNB scheduler needs to avoid any collision between uplink and downlink. Assuming that legacy HD-FDD UE implemented separate local oscillator for uplink band and downlink band, a small amount of guard time has been only required for RF power ramping up and down (approximately 20 μs). On top of that, RTT (up to 667 μs) can be added for RX-to-TX switching time for timing advance support. Therefore, the collision may be avoided by scheduling PUSCH in a subframe which does not overlapped with the previous subframe containing any downlink transmission.
In [1], it is recommended that up to 1ms switching time for both Rx-to-Tx and Tx-to-Rx needs to be assumed for HD-FDD support if a HD-FDD UE implemented a single oscillator for both frequency bands. The additional switching time is mainly due to the oscillator adjustment time which is approximately 230 μs. Since 1ms guard time is also required for Tx-to-Rx switching, eNB scheduler may need to be implemented differently from the scheduler for legacy HD-FDD UE for a single oscillator based HD-FDD UE. Given that the low-cost UE is delay tolerant and targeted for small packet, reducing the number of local oscillator may not result in significant performance impact. Therefore, as far as the cost saving from removing one local oscillator can justify the specification impact and eNB scheduler implementation complexity, single oscillator HD-FDD UE could be supported in Rel-12.
Proposal-1: a single oscillator HD-FDD UE may be supported if the cost saving amount is reasonable
The HD-FDD capability is indicated as a part of ue-Category. However, from an eNB scheduler perspective, the number of oscillator for the Cat-0 UE having HD-FDD capability is unknown as it only indicates the HD-FDD capability. In this case, two alternatives seem to be considered as following:

· Alt-1: the number of oscillator may be indicated as a part of ue-Category together with HD-FDD capability, thus eNB scheduler may differentiate the required switching time.
· Alt-2: it is assumed that all Cat-0 UE with HD-FDD capability implemented a single oscillator. 

The Alt-1 may require additional specification impact to include the number of oscillator indication while the benefit seems to be a minor. On the other hand, the Alt-2 seems to be a simpler solution without specification impact as it doesn’t require an additional specification effort and works for both cases.
Proposal-2: all HD-FDD Cat-0 UE is assumed to implement a single oscillator

It has been proposed to reduce the number of HARQ process for HD-FDD low-cost UE in order to further cost saving by reducing soft-buffer size. Since the maximum TBS is restricted to 1000bits already, the cost saving from reducing the number of HARQ process will be marginal. Therefore, it is preferable to keep the same HARQ process number irrespective of the UE capability.

Proposal-3: the same HARQ process number is supported for HD-FDD low-cost UE 
3
Conclusion
In this contribution, we discussed on the HD-FDD low-cost UE with a single oscillator support. From the discussions and observations, we propose followings:
Proposal-1: a single oscillator HD-FDD UE may be supported if the cost saving amount is reasonable

Proposal-2: all HD-FDD Cat-0 UE is assumed to implement a single oscillator

Proposal-3: the same HARQ process number is supported for HD-FDD low-cost UE
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