3GPP TSG-RAN WG1 Meeting #77
R1-142436
Seoul, Korea, 19 - 23 May 2014
Agenda item:

6.2.2.2
Source:
NSN, Nokia
Title:
Details of Half-Duplex Cat-0 UE 
Document for:

Discussion and Decision
1
Introduction
In RAN1#76bis, RAN1 discussed half-duplex Cat-0 UE and reached the following 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 some of the remaining details for half-duplex Cat-0 UE. 
2
Half-Duplex Cat-0 UE
In Rel-11, the guard period for half-duplex UE is created by not receiving the last part of a downlink subframe immediately preceding an uplink subframe from the same UE [3]. Both Rx-to-Tx and Tx-to-Rx switching times are included in this guard period with the Tx-to-Rx switching time created by implementation through the use of timing advance command by the eNB. This switching time assumes two local oscillators are used. 
From [2], the RF transient time of half-duplex FDD UE was seen to be at most 20 µs for Rx to Tx switching, and at most 20 µs for Tx to Rx switching. With consideration of RTT of cell deployment, the gap period between DL and UL will be from 1 OFDM symbol to 10 OFDM symbols, depending on cell size. Hence, it is seen that the current Rel-11 definition of guard period for half-duplex UE in [3] does not need to be modified. This is for a half-duplex FDD UE with two local oscillators.

From [1], if a single local oscillator is used by low complexity half-duplex MTC UE, then the Rx-to-Tx switching time is up to 1ms and the Tx-to-Rx switching time is up to 1ms. However, clear cost reduction has not been demonstrated for supporting a single local oscillator. If half-duplex UE with a single local oscillator is to be supported, then the additional switching time can be taken care of by implementation at the network (e.g. via eNB scheduler restriction). Therefore, there is no need to modify the definition of the guard period. Note that if a single local oscillator is to be supported, then additional capability signalling may be needed.
Proposal 1: Keep the current Rel-11 definition of guard period for half-duplex FDD operation. Additional switching times, if needed, are handled by network implementation.
Figure 1 illustrates downlink data transmission with the two different guard periods. From the figure, it is seen that up to 4 HARQ processes can be supported using Rel-11 definition of guard period. Using guard periods from [1], up to 3 HARQ processes can be supported. The same conclusion can be drawn for uplink data transmission as well.
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Figure 1. HD-FDD operation with guard periods.
It is seen that the peak data rate will be reduced from 500 kbps to 375 kbps for both uplink downlink if 3 HARQ processes are supported instead of 4. Thus, the data rate is reduced but this might not make a significant difference in user throughput for low-rate and delay tolerant MTC traffic. However, in order to allow support for both single and two local oscillators, it is proposed that half-duplex UE supports a maximum of 4 HARQ processes. 
Proposal 2: Half duplex FDD UE supports a maximum of 4 HARQ processes.
4
Conclusions
In this contribution, we consider half-duplex Cat-0 UE. The following proposals are made –

Proposal 1: Keep the current Rel-11 definition of guard period for half-duplex FDD operation. Additional switching times, if needed, are handled by network implementation.
Proposal 2: Half duplex FDD UE supports a maximum of 4 HARQ processes.
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