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1 Introduction
In [1], RAN1 send an LS to RAN4 regarding clarification of Rx to Tx and Tx to Rx switching time in HD-FDD low cost MTC UEs. The text is replicated below from [1].  

Overall Description: A new low complexity UE category for MTC application is to be specified for all duplex modes including half duplex FDD mode. UL/DL switching for HD-FDD operation is assumed in RAN1 to be handled as specified in Section 6.2.5 of TS36.211 (from Rel-8 onwards) also for low complexity MTC UEs when operating with/without coverage enhancement.

RAN4 is requested to identify what switching time would be expected from Rx to Tx and Tx to Rx for the new UE category when operating in half duplex FDD mode, so that RAN1 can further evaluate the impact of the above assumption.

To RAN4: Actions: RAN1 respectfully asks RAN4 to identify the Rx to Tx and Tx to Rx switching time expected for support of half duplex FDD operation for low complexity MTC UEs, and indicate any identified RAN1 specification impacts related to half duplex FDD operation to RAN1.

In this paper, we present discussions and reasoning for the above mentioned switching time. We also propose switching times to be agreed by the group.
2 Background

The MTC topic was previously studied in study item phase and [2] includes the technical recommendation generated based on the studies. The topic was later approved as a WI and [3] includes the WID.
In RAN4#69 meeting, couple of contributions were presented on the topic. Finally a WF has been agreed in [4] that says:
· The factors accounted for HD-FDD guard period are provided in this WF.
· Rx-to-Tx guard period 
· (1) Round trip time ( up to maximum of 667us as the maximum E-UTRAN cell coverage 
· (2) OFF-to-ON switching time (including oscillator adjustment time ) ( [X]us
    
· Tx-to-Rx guard period 
· ON-to-OFF switching time (including oscillator adjustment time ) ( [X]us
· Companies are encouraged to provide the analysis on X and the corresponding reply LS shall be finalized in next RAN4 meeting.
3 Discussion
As shown above, the round trip time delay of 667 us has been agreed to cater for the longest possible 100 KM coverage range in LTE. Hence, it’s evident from the above discussion that the main focus of upcoming discussion is on switching time.
In section 8.1 of [5], UL-DL frame timing delay is specified. 
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Fig.1 UL DL timing relation, Fig 8.1-1 from [5]
[5] also mentions
Transmission of the uplink radio frame number i from the UE shall start (NTA NTA offset )Ts seconds before the start

of the corresponding downlink radio frame at the UE, where 0 <=NTA <=20512 , NTA offset 0 for frame structure type 1

and NTA offset 624 for frame structure type 2.
Hence the maximum value of N_TA is 667 us and N_TAoffset defined for TDD is 20 us and for FDD 0 us. However, we should note that the timing description in section 8.1 of [5] only shows a partial picture in the present context of HD-FDD. Also in TDD LTE, both the eNodeB and the UE are half duplex. However, HD-FDD, the MTC UE only is half duplex. The eNodeB is full duplex and hence the PA is always switched ON.
The general ON/OFF time mask specified in section 6.3.4.1 [6] describes a 20 us of transient period for both powering up and powering down of UE. These specifically indicate the power amplifier ramp-up or ramp down time respectively in UE.
However, we need to keep in mind that the sharpness of switching on/off of power amplifier is correlated with the cost of the PA and associated circuitry. MTC devices need to be low complexity to be less expensive for competitive market penetration. As [2] says: Many MTC UE's are targeting low-end (low average revenue per user, low data rate) applications that can be handled adequately by GSM/GPRS. Owing to the low-cost of these devices and good coverage of GSM/GPRS, there is very little motivation for MTC UE suppliers to use modules supporting the LTE radio interface. As more and more MTC UE's are deployed in the field, this naturally increases the reliance on GSM/GPRS networks. This will cost operators not only in terms of maintaining multiple RATs, but it will also prevent operators from reaping the maximum benefit out of their spectrum (given the non-optimal spectrum efficiency of GSM/GPRS). The implementers can actually use any sort of implementations to reduce cost as long as the requirements are met.
If significant cost savings can be done by down grading the power amplifier at the expense of longer power on/off of PA for only MTC devices is a discussion point. Relaxing the ON/OFF time mask for other UE types is not recommended though. However it may be possible to specify relaxed ON/OFF timing for only MTC devices.
It is also important to mention that the above 20 us doesn’t include any processing delay in the Rx. The data received in the Rx antenna and the data in Rx after completion of processing has delayed timing as shown below. For a low complexity UE the processing delay is supposed to be significant and should be of the order of 30 us.
This processing delay can be critical for low complexity devices.
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Fig. 2 Timing relationship between DL and UL transmissions.
Round trip delay, A+ D = 667 us maximum.
Low complexity UE processing delay, B ( 30 us

UE PA ramp up time, C = 20 us

Total guard time = A + B + C + D = 717 us

So the switching time = UE processing delay + UE PA Ramp ON time

              



    = B + C
              



    = 30 + 20 us
                                   = 50 us
Hence one observation here is: 

 Observation 1: Low complexity UE processing time of received data needs to be considered while calculating switching time.
There are existing technologies and products for similar purpose, such as Zigbee, IEEE 802.15.4g-2012. 1 ms turnaround time is used in both cases. This included round trip delay of signal travel. Although the IEEE 802.15 family was initially designed for low range WPAN, IEEE 802.15.4g-2012 was designed specifically for smart utility network (SUN) and extended range of up to 10 KM. The above number could be taken as a reference for LTE low cost MTC devices. However further analysis is needed.

Despite LTE low cost MTC devices being designed for low data rate, the clock speed will remain the same as legacy system. The data will be most likely repeated to improve reception in case of LTE MTC. Hence a fundamental difference with other existing technologies in the market such as Zigbee or IEEE 802.15.4g-2012 will be the same clock rate for all data rates. Zigbee or IEEE 802.15.4g-2012 use different clock rates (DS-SS) for different data rates and different frequency bands. Specifically for 2.4 GHz band where they use relatively higher clock rate, a 50 us of switching time seems sufficient.  However, for lower bands in 400 MHz/900 MHz that are intended for longer range, implying lower data rate, close to 1 ms turnaround time seems a better choice considering the longer receiver processing time.   The 1 ms turnaround time was only designed for the sake of a single value for all bands.

Observation 2: In LTE the clock speed for MTC devices remains the same as legacy devices. Hence, a too long switching time wouldn’t be needed. 
As a compromise, we make the following two proposals:

Proposal 1: The Rx to Tx or Tx to Rx switching time in MTC UE should be of the order of 50 us.

Proposal 2: Guard time of the order of 717 us is ideal. This can be accommodated by guard duration of 11 symbols. This is not is current spec and needs to be added. Current maximum guard interval of 10 symbols will also work for MTC UEs in many scenarios, however would be tight in some other cases.

4 Conclusions

In this contribution, we presented discussion and our observation/proposal regarding Rx to Tx and Tx to Rx switching time in MTC UE. 
Observation 1: Low complexity UE processing time of received data needs to be considered while calculating switching time.

Observation 2: In LTE the clock speed for MTC devices remains the same as legacy devices. Hence, a too long switching time wouldn’t be needed.
Proposal 1: The Rx to Tx or Tx to Rx switching time in MTC UE should be of the order of 50 us.
Proposal 2: Guard time of the order of 717 us is ideal. This can be accommodated by guard duration of 11 symbols. This is not is current spec and needs to be added. Current maximum guard interval of 10 symbols will also work for MTC UEs in many scenarios, however would be tight in some other cases.
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