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1 Introduction

During RAN #63 meeting, update WID ([1]) was approved. The objectives are focused on the low complexity UE with following aspects:
“Specify a new UE category/type for MTC operation in all LTE duplex modes supporting the following capabilities:

· 1 Rx antenna.

· Downlink and uplink maximum TBS size of 1000 bits.

· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband, while the control channels are still allowed to use the carrier bandwidth. Uplink channel bandwidth and bandwidth for uplink and downlink RF remains the same as that of normal LTE UE.”
 Open areas on HD-FDD operation for low cost MTC UEs were identified in RAN1 #76bis meeting:

· 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
This contribution discusses the open areas on HD-FDD operation for low cost MTC UEs and the possible impact. 
2 Discussion on open areas for HD-FDD operation
· Whether or not current specification is sufficient to handle Tx/Rx and Rx/Tx switching 

If single local oscillator is used for low complexity HD-FDD MTC UEs, Rx-to-Tx switching time may be up to 1ms considering additional oscillator adjustment time which is about several hundred µs. For Rx/Tx guard period, low complexity HD-FDD MTC UEs can follow current definition in section 6.2.5 of specification 36.211.
The Tx-to-Rx guard period for HD-FDD currently is not specified in specification 36.211. For legacy HD-FDD UEs, 20 µs transient period is defined in TS 36.101. For small radius cells where RTT is likely less than 20 µs and cannot cover the switching period, eNB would not allocate transmission to this UE in the first downlink subframe right after switching to avoid PDCCH decoding failure. 
For low complexity HD-FDD MTC UEs with two local oscillators, there is no drastic switching time change so need for spec change.For a low complexity HD-FDD MTC UE with single local oscillator, Tx-to-Rx switching time (Tx-to-Rx switching time = oscillator adjustment time + power ramping up time) may be larger than 300µs. In this case, the low complexity HD-FDD MTC UE can’t decode the first 4 OFDM symbols carrying PDCCH. However, the issue been taken care of for most current eNB implementation, where eNB would avoid transmitting to this HD-FDD UE in the first downlink subframe after switching. Considering the traffic is low rate and delay tolerant for the low cost MTC UEs, there would be no performance loss for the low complexity HD-FDD MTC UEs with single local oscillator. 
Proposal 1:  Rx/Tx guard period for low complexity HD-FDD MTC UEs follows current definition in section 6.2.5 of TS 36.211.
· Assumption of the number of local oscillators
For the HD-FDD MTC UEs, configuration of single local oscillator can reduce the UE’s cost. But HD-FDD MTC UEs with two local oscillators would have better link performance. The configuration of Tx-Rx switching time can be taken as an implementation related issue. Requirement of two local oscillators is not essential for the low complexity HD-FDD MTC UEs. The number of local oscillators can be left to UE implementation.

· # of HARQ processes

If the maximum HARQ process number is configured by restriction of up to 3 for the low complexity HD-FDD MTC UEs, about 60% soft buffer cost may be saved. But the overall cost saving is only about 0.6%. Further, the UE performance would be limited by restricting the HARQ process number to up to 3 if the number of local oscillators is agreed as implementation related issue. Considering the standard impact and the small cost saving benefit, it is recommended to keep the maximum number of HARQ processes for the low complexity HD-FDD MTC UEs same as that of legacy UEs. 
Proposal 2: The maximum HARQ process number for the low complexity HD-FDD MTC UEs is same as that of legacy UEs (8). 
· Impact, if any, on PDCCH monitoring, CSI reporting and PHICH handling

If definition of Rx-to-Tx guard period follows current specification. For a low complexity HD-FDD MTC UE with single local oscillator, the UE would try to decode PDCCH and PHICH in the last downlink subframe, but may fail to successfully decode PDCCH and PHICH in the last downlink subframe.
Tx-to-Rx guard period is HD-FDD implementation related issue. For a low complexity HD-FDD MTC UE with single local oscillator, Tx-to-Rx switching time may be larger than 300µs. If Tx-to-Rx guard period is ensured by muting partial uplink subframe preceding switching, handling of PDCCH and PHICH in the last downlink subframe will keep original process, but CSI reporting may be impacted. If Tx-to-Rx guard period is ensured by not receiving partial downlink subframe right after switching, there would have some impacts on handling of PDCCH and PHICH, but the CSI reporting can keep original process. 
3 Conclusion

In this contribution, we have discussed the open issues on HD-FDD operation for low complexity MTC UEs.  Based on our analysis, we have conclusions as below:
Proposal 1:  Rx/Tx guard period for low complexity HD-FDD MTC UE can follow current definition in section 6.2.5 of TS 36.211.
Proposal 2: The maximum HARQ process number for low complexity HD-FDD MTC UEs is same as that of legacy UEs (8). 
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