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1. Introduction

According to the WID RAN4 has to develop requirements low cost MTC UE for all duplex modes [1]. This also includes HD-FDD operation. The HD-FDD capability already exists in RAN2 specification. However there are no corresponding RAN4 requirements.
In this paper we analyse the impact of HD-FDD capable low cost MTC UE on the RRM requirements. 
2. HD-FDD Background 
A HD-FDD capable UE transmits and receives in different UL and DL subframes respectively on different carrier frequencies. This means the UE has to switch between the UL and DL subframes e.g. based configuration from its serving eNode B. The switching should account for delays due to frequency switching and TA which in turns depend upon the maximum cell range.  RAN4 is currently discussing the switching requirements, which is likely to be 1 subframe. 

It should be noted that during the switching between UL and DL subframes the UE cannot receive or transmit signals.    

It is suggested in [2] that the RRM requirements are developed only for intra-frequency in release 12. We therefore analyse the impact of HD-FDD in intra-frequency in connected state. 

3. Impact on Intra-frequency measurements
The requirements for the following intra-frequency measurements could be affected by the HD-FDD operation of the UE:

· Radio link monitoring (RLM)
· Mobility related:

· Cell identification

· RSRP and RSRQ measurements

· CGI reporting

· UE Rx-Tx time difference measurement

· RSTD measurement  

3.1 Impact on RLM requirements

For the radio link monitoring the UE in non-DRX evaluates the DL radio link quality once every radio frame to detect out of sync or in sync. According to TS 36.213, section 4.2.1:
In non-DRX mode operation, the physical layer in the UE shall every radio frame assess the radio link quality, evaluated over the previous time period defined in [10], against thresholds (Qout and Qin) defined by relevant tests in [10].

This means the UE should be able to receive at least one DL subframe every frame in order to successfully perform the RLM and meet the current RLM requirements. 
Proposal #1: HD-FDD UE shall be able to perform RLM and meet the corresponding requirements provided at least one DL subframe per frame is available at the UE.

3.2 Impact on mobility related requirements

Currently all the intra-frequency RRM requirements are applicable for all UL-DL TDD subframe configurations. In case of UL-DL TDD subframe configuration # 0, which is most stringent from the DL perspective, the UE receives DL subframe # 0 and DL subframe # 5.

The UE can perform cell identification, RSRP and RSRQ measurements using DL subframes # 0 and # 5. For acquiring the CGI of the E-UTRA cell the UE needs to read MIB and SIB1 which are also sent in subframes # 0 and # 5 respectively. 

Using the analogy with UL-DL TDD subframe configuration # 0, we believe that in order to ensure that HD-FDD capable MTC UE meets all the existing mobility related intra-frequency RRM requirements related to DL measurements the UE receives at least DL subframe # 0 and DL subframe # 5. 
It is important to note that switching between UL and DL subframes may adversely affect the reception and transmission of signals at the UE. Therefore eNode B has to ensure that the switching between UL-DL subframes does not partly or fully destroy DL subframes # 0 and # 5 and UL subframe(s) with SRS. Since measurements are also done on neighbour cells therefore the eNode B also has to ensure that DL subframe # 0 and DL subframe # 5 from the neighbour cells are also fully available at the UE. 
· Proposal #2: HD-FDD UE shall be able to perform mobility related intra-frequency RRM measurements (i.e. cell search, RSRP, RSRQ and CGI reading) and meet the corresponding requirements provided DL subframe # 0 and DL subframe # 5 of the measured cells are available at the UE. 

3.3 Impact on UE Rx-Tx time difference requirements

The UE Rx-Tx time difference measurement involves measurement on both DL and UL subframes. The current requirements are applicable to all TDD configurations. Therefore if DL subframe # 0, DL subframe # 5 and UL subframe(s) with SRS transmissions are available to the UE then the UE should be able to meet the existing requirements.  
Therefore for UE Rx-Tx time difference measurement as well the eNode B has to ensure that the switching between UL-DL subframes does not partly or fully destroy DL subframes # 0 and # 5 and UL subframe(s) with SRS. 
· Proposal #3: HD-FDD UE shall be able to perform UE Rx-Tx time difference measurement provided DL subframe # 0, DL subframe # 5 and at least 2 UL subframes per radio frame are available at the UE.

3.4 Impact on RSTD requirements

According to section 9.1.10.1 in TS 36.133 (Intra-Frequency Accuracy Requirement) the UE is required to meet the RSTD accuracy provided certain number of PRS subframes are available for the reference and measurement neighbour cells during a positioning occasion. The requirement on the minimum number of PRS subframes depends on the PRS bandwidth. 
The condition on the minimum number of PRS subframes should also be met for HD-FDD operation to meet the corresponding RSTD requirements. Therefore we don’t see the need for specifying any additional condition. However if needed some clarification could be done that the RSTD requirements also apply to HD-FDD provided the specified minimum number of PRS subframes are available to the UE.
· Proposal #4: HD-FDD UE shall be able to perform RSTD and meet the corresponding requirements provided the condition on the minimum number of PRS subframes per positioning occasion in reference and neighbour cells as specified in table 9.1.10.1-1of TS 36.133 is met.  
4. Summary
In this paper we have briefly discussed the impact of low cost MTC UE supporting HD-FDD on RRM requirements. The following is proposed: 
· Proposal #1: HD-FDD UE shall be able to perform RLM and meet the corresponding requirements provided at least one DL subframe per frame is available at the UE. 
· Proposal #2: HD-FDD UE shall be able to perform mobility related intra-frequency RRM measurements (i.e. cell search, RSRP, RSRQ and CGI reading) and meet the corresponding requirements provided DL subframe # 0 and DL subframe # 5 of the measured cells are available at the UE. 

· Proposal #3: HD-FDD UE shall be able to perform UE Rx-Tx time difference measurement provided DL subframe # 0, DL subframe # 5 and at least 2 UL subframes per radio frame are available at the UE.

· Proposal #4: HD-FDD UE shall be able to perform RSTD and meet the corresponding requirements provided the condition on the minimum number of PRS subframes per positioning occasion in reference and neighbour cells as specified in table 9.1.10.1-1of TS 36.133 is met.  

In order to introduce RRM requirements for low cost MTC UE that is HD-FDD capable, based on the above propsals there would be a need to define certain conditions and clarification in TS 36.133.
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