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1 Introduction
In this paper we take a look at MTC low cost UE. There are currently following types of MTC devices - FD FDD, TDD and HD FDD. Here we look generally at cell detection and measurement requirements for HD FDD as discussed in RAN4#71 in several contribution [e.g. 1, 2]. WF was agreed including agreements on HD FDD [3] which is used as basis for this HD FDD discussion.

We will specifically look at the HD FDD requirements concerning cell detection and RRM measurements. Additionally we will also discuss the need for MIB, SIB reception as well as system information change monitoring.

Our basic conclusion is to introduce no new changes in the system due to HD FDD MTC devices. Any restriction due to MTC and especially due to HD FDD operation should be avoided and instead the UE requirements should be adapted such that they cover HD FDD UEs.

2 Discussion
For the FD FDD and TDD – full re-use of existing performance requirements is likely possible [1]. HD FDD is a slightly different story as also discussed in [4, 5]. For HD there is no specific frame structure defined and the UL/DL split is more or less controlled by network through scheduling. There are some strict scheduling limitations (and thereby UL/DL combinations) due to the HARQ structure and HARQ feedback rules and requirements. It is assumed that as we’re discussing low cost MTC there should be an emphasis on re-use and minimization of changes and impacts. It is our opinion that impacts from and on HD FDD MTC devices should be very low if not non-existing.

Topics discussed next is cell detection and measurement requirements for HD FDD UE as well as MIB and SIB reception.
Cell Detection requirements for HD FDD UE.
For UE cell detection requirements concerning HD FDD we would likely need to consider worst case conditions. Difference between other MTC devices (and non-MTC) and the HD FDD device would be that HD would not have all DL subframes available continuously for intra-frequency cell detection, when UL transmission is scheduled for the MTC UEs. Obeying existing scheduling and HARQ feedback linkage the worst case scenario for a HD FDD device would be continuous scheduling (UL, DL or both). Such scheduling would lead to 1+3+1+3 pattern as also discussed in (4 and 2). Considering cell detection this would mean that the available opportunities for cell detection in terms of available PSS and SSS will be reduced due to scheduling. This is illustrated in figure 1.

Figure 1:


[image: image1.emf]DL DL DL Gap UL UL UL Gap DL DL

DL DL DL Gap UL UL UL Gap DL DL

eNB

HD-FDD UE

Rx-to-Tx 

switching

Tx-to-Rx 

switching


In the following we assume that network scheduling and UL related transmissions takes precedence over cell detection.

The worst case only happens when the low-cost MTC UE performs intra-cell cell detection while it has active DL/UL transmission with a base station.

From this worst case situation it can be calculated that with the current understanding of having a 1 ms DL-UL and UL-DL switching time for HD FDD UE with single oscillator, the PSS and SSS opportunities is reduced with up to 62.5% in average.

Observation: The availability of PSS and SSS for a HD FDD UE cell detection time is reduced with up to 62.5%.

Based on the reduced opportunities for performing intra-f cell detection due to reduced availability of PSS and SSS occasions we propose to relax the intra-frequency cell detection requirements. Such relaxation should reflect the reduction in PSS and SSS occasions and therefore the cell detection time in the worst case could be increased with 62.5% to 1300ms for non-DRX intra-frequency case.

Proposal 1: Intra-frequency cell detection time for HD FDD UEs should be 1300ms in non-DRX.

Given that the existing 800ms cell detection requirement is quite loose for general UE implementation, the exact relaxation number should be under further study through simulation.

As for inter-frequency cell detection requirements it is not foreseen that there will be any impact as this is likely covered by normal gap assisted measurement with all DL subframes being available during the measurement gap.
Simulation results:
Link simulation is performed to evalue the cell detection performance.  For cell detection, the regular PSS/SSS duty cycle is 40 ms.  One measurement is taken every 4 radio frame.  In order to simulate potential lost PSS/SSS subframes for half-duplex FDD UE, we assume that certain number of PSS/SSS subframes within one measurement cycle is lost.  For example, assume that 1 PSS/SSS subframe in 40ms is lost.  There are a total of 8 PSS/SSS subframes with 1 lost subframe.  The exact location of the lost PSS/SSS subframe is random and it is unknown to the UE.  With this simulation setup and the simulation assumptions in [6], the PSS/SSS detection performance with Rx1 is shown in the table:
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The “Full SF” in the table indicates that all PSS/SSS subframes are available; while the “1SF lost” indicates that one random PSS/SSS subframe is lost due to half-duplex operation.  The results in the table show the 90% detection time in ms.

From the results, it indicates that there is performance difference when one PSS/SSS is lost; however, when 40ms measurement window is applied, single lost PSS/SSS SF has only small impact on the detection performance.  It is expected that further increasing of the lost PSS/SSS subframe will have more significant impact on the cell search detection performance.
RRM Measurements requirements for HD FDD UE
Looking at the intra-frequency RRM measurement for a HD FDD UE we expect that the current requirements would readily applicable. Looking at the same worst case scheduling scenario as in section 2.1 we observe that there are still sufficient amount of DL opportunities where UE can perform measurements. Even assuming that network scheduling and related UL transmissions (e.g. HARQ feedback) takes precedence over measurements this still leaves at least 3 DL subframes per frame available for measurements.
Based on this we propose to keep current intra-frequency measurement performance requirements and apply these also for HD FDD UE.

Proposal 2: Re-use existing intra-frequency RRM measurement requirements for HD FDD UEs.

Similar as for inter-frequency cell detection we expect inter-frequency measurements requirements for HD FDD could be the same as for FD FDD.
MIB, SIB reception and monitoring
36.331 states the requirement for the UE concerning MIB and SIB reception. These requirements are defined such that they suit all UEs in a general manner. Also for HD FDD they are suitable under certain conditions.

Looking at the worst case scheduling situation we can once again look at how this will impact the HD FDD UE possibility to receive either MIB or SIB1. MIB reception options are reduced with 50% which is also the case for SIB1 reception.
36.331 also gives the requirements for the validity of already received SIB which is currently 3 hours:

‘Additionally, the UE considers stored system information to be invalid after 3 hours from the moment it was successfully confirmed as valid’

This means that if the UE has received SIBs they are valid for 3 hours. UE would need to monitor if some SIBs have been changed – and this is done by checking the change mark regularly. This can be done either by receiving paging or receiving SIB1.
Concerning change mark monitoring the network may send change mark in dedicated manner as 36.331 says:
‘In addition to broadcasting, E-UTRAN may provide SystemInformationBlockType1, including the same parameter values, via dedicated signalling i.e., within an RRCConnectionReconfiguration message’

Based on this refresh and change mark monitoring can likely be regarded as corner cases and in practice network can provide the information when needed. MIB and SIB is only required at cell reselection (no UL restricting DL availability) and HO. HO case might need some considerations.

MTC UE and power saving opportunities

Another angle of the MTC low UE and HD FDD is power saving. Allowing significant relaxation of the UE performance requirements will likely lead to significant improvement in potential UE power savings opportunities. MTC devices are likely also targeting low cost devices with low mobility and infrequent data transmissions. For this type of device a significant relaxation in the cell detection and measurement requirements compared to existing would seem desirable.
For such implementations it might be preferred to allow relaxing the cell detection and measurements requirements significantly which will enable longer power saving periods for the device. How to define such requirements would then need to be discussed further in RAN4.
3 Conclusions

In this paper we have taken a look at the HD FDD requirements concerning cell detection and RRM measurements, as well as the need for MIB, SIB reception and system information change monitoring.

Our basic conclusion is to introduce no new changes in the system due to HD FDD MTC devices. Any restriction due to MTC and especially due to HD FDD operation should be avoided and instead the UE requirements should be adapted such that they cover HD FDD UEs.
We propose that inter-frequency cell detection requirements for HD FDD UE is studied further with simulations while measurement requirements for a HD FDD UE can kept unchanged compared to existing FD requirements.
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