Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 Meeting #77
R1-142133
Seoul, Korea, 19th – 23rd May 2014
Agenda Item:
6.2.2.2
Source: 
LG Electronics

Title: 
HD-FDD support for low-cost MTC
Document for:
Discussion and decision
1 Introduction

In RAN1#76bis meeting, some issues were arisen on HD-FDD operation of the MTC UEs equipping low cost features as follows [1],
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 about some issues on half-duplex FDD operation for low-cost MTC devices, especially on handling UL to DL and DL to UL switching, impact on PDCCH monitoring and CSI reporting, and impact on PHICH handling.
2 Handling UL to DL and DL to UL switching
According to the reply LS from RAN4 [2], if single oscillator is used for half-duplex FDD operating MTC devices, maximum 1 msec DL to UL and UL to DL switching time would be required.

In TS 36.211, a guard period for DL to UL switch in half-duplex FDD 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 a UE follows current behaviour to create DL to UL switching time, unlike the considered guard period in Rel-8, large portion of OFDM symbols of the downlink subframe preceding an uplink transmission would be used to create guard period as shown in Figure 1. (a). This guard period can be up to 1 msec, so whole OFDM symbols in the subframe can only be used for DL to UL switch. Then, some UEs would not receive some downlink channels/signals at all and cannot perform expected behaviour in this subframe.
For UL to DL switch in half-duplex FDD, timing advance is used not only to compensate for the propagation roundtrip but also to create guard time for the UL to DL switch [3][4]. However, a half-duplex FDD operating MTC device with single oscillator would require more time for the UL to DL switch, then it cannot transmit some symbols of a downlink subframe immediately after an uplink subframe as shown in Figure 1. (b). If UL to DL switching gap is not defined as the first part of a downlink subframe or the whole downlink subframe, the eNodeB cannot convince which downlink channels/signals can be received by the UE. Then, the eNodeB can transmit unnecessary channels such as PDCCH and PHICH for the UE or may expect impossible UE behaviour such as CSI measurement.
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Figure 1. An example of guard period for (a) DL to UL and (b) UL to DL switch in half-duplex FDD
It can be considered that the UE can create guard period by not receiving the last part of a downlink subframe for DL to UL switch and the first part of a downlink subframe for UL to DL switch. With this consideration, it may be needed to further consider reduction of DL to UL and UL to DL switching behaviour according to downlink/uplink subframe composition (e.g., uplink transmission subframe interval), to avoid unnecessary UE complexity. 
Proposal 1: Guard period for DL to UL and UL to DL switching and related UE behaviour need to be defined for HD-FDD based low-cost MTC UE with consideration on downlink reception/measurement and uplink transmission subframe.
3 Subframe for PDCCH monitoring and CSI measurement
3.1 PDCCH-subframe

PDCCH-subframe defined in TS 36.321 refers a subframe with PDCCH. For FDD UE operation, PDCCH-subframe represents any subframe. For TDD UE operation, it represents a downlink subframe or a subframe including DwPTS.

If guard period for DL to UL and UL to DL switch up to 1 msec is considered in half-duplex FDD operation, some modification of PDCCH-subframe for half-duplex FDD operation would be necessary. For example, a UE cannot receive PDCCH in a downlink subframe with guard period, if the guard period is 1 msec. For another example, the guard period can occupy more than first few OFDM symbols or last 11 OFDM symbols in normal CP. Then, a UE would not receive PDCCH successfully in a downlink subframe with guard period. Therefore, it is considerable to exclude a downlink subframe not capable to receive PDCCH due to guard period from PDCCH-subframe.

Proposal 2: It is reasonable for HD-FDD based low-cost MTC UE to exclude downlink subframe with guard period occupying PDCCH symbols from PDCCH-subframe.
3.2 Valid downlink subframe for CSI measurement

To report CSI of a UE to eNodeB, CSI is measured by CSI reference resource. CSI reference resource in time domain is determined among valid downlink subframes, and valid downlink subframes consist of downlink subframes with sufficient CRS or CSI-RS for CSI measurement.

To determine valid downlink subframes for CSI measurement, guard period in half-duplex FDD was not considered before. However, if the maximum guard period for DL to UL and UL to DL switch is 1 msec, it is necessary to modify conditions of downlink subframes to be included in valid downlink subframe for half-duplex FDD. Depending on the amount of OFDM symbols for guard period, a UE cannot receive CRS or CSI-RS sufficiently in a downlink subframe with guard period. Then, the UE cannot perform CSI measurement properly in this downlink subframe. Therefore, if large amount of guard period is required for a low-cost MTC UE, it would be desirable to exclude a downlink subframe containing guard period from valid downlink subframe.

Proposal 3: It is reasonable for HD-FDD based low-cost MTC UE to exclude downlink subframe with large guard period from valid downlink subframe for CSI measurement.
4 Downlink and uplink channel collision
In half-duplex FDD operation, if pre-determined DL/UL pattern at each subframe is not provided, downlink and uplink channel collision issue can be happened.

One example can be collision between PHICH and PUCCH with CSI reporting. If CSI reporting is scheduled in subframe n by eNodeB and the UE sends PUSCH in subframe n-4 based on scheduled SPS or uplink grant sent in subframe n-8, then UE should also be waiting for PHICH for ACK/NACK 

Even though PHICH and PUCCH transmission are not required in the same subframe, collision issue can be happened because of long guard period for DL to UL or UL to DL switch as depicted in Figure 2. As shown in Figure 2. (a), CSI reporting can be scheduled in subframe n+1, while the UE should receive PHICH for ACK/NACK in subframe n. Or, CSI reporting can be scheduled in subframe n-1, when PHICH is transmitted in subframe n as shown in Figure 2. (b). In these cases, if guard period for DL to UL and UL to DL switch is large such as 1 msec, the UE would be not able to receive PHICH or not able to transmit CSI report.
These collision issues would disturb efficient operation of low-cost MTC devices in half-duplex FDD system. Therefore, determination of UE behaviour for these collisions would be considerable to provide stable operation of half-duplex FDD. A simple solution of UE behaviour determination can be a priority rule between channels when collision occurs. For example, PHICH may have higher priority over PUCCH (CSI report) or other uplink channels.

Proposal 4: UE behaviour in case of downlink/uplink channel collision (e.g. PHICH and PUCCH) in a subframe or between adjacent subframes is to be defined for HD-FDD based low-cost MTC UE.
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Figure 2. Examples of PHICH and PUCCH (CSI report) collision
5 Conclusion
In this contribution, we discussed about some issues to support half-duplex FDD for low-cost MTC devices. Based on the discussion, we have some proposals as follows, 
Proposal 1: Guard period for DL to UL and UL to DL switching and related UE behaviour need to be defined for HD-FDD based low-cost MTC UE with consideration on downlink reception/measurement and uplink transmission subframe.

Proposal 2: It is reasonable for HD-FDD based low-cost MTC UE to exclude downlink subframe with guard period occupying PDCCH symbols from PDCCH-subframe.

Proposal 3: It is reasonable for HD-FDD based low-cost MTC UE to exclude downlink subframe with large guard period from valid downlink subframe for CSI measurement.

Proposal 4: UE behaviour in case of downlink/uplink channel collision (e.g. PHICH and PUCCH) in a subframe or between adjacent subframes is to be defined for HD-FDD based low-cost MTC UE.
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