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Discussion
1  Introduction
Previously in [1], a way forward is proposed to evaluate the RF switching time for the case of half-duplex FDD. In 36.211, the guard period is defined, as below,
6.2.5
Guard period for half-duplex FDD operation

For half-duplex FDD operation, a guard period is created by the UE by not receiving the last part of a downlink subframe immediately preceding an uplink subframe from the same UE.
The low cost MTC may use one oscillator for HD-FDD mode. The RF switching time from one carrier frequency to another may take a longer time. The direct impact can also be seen on the demodulation performance of the downlink subframe which is immediately followed by an uplink one. 
In this paper, the RF switching time is provided. We also check the performance loss as the downlink subframe is not completely received.  

2  RF switching with one oscillator and its impact to demodulation
When one oscillator is considered, the typical RF PLL synthesizer takes 60 us as settling time. To further take into account various loop design, calibration mechanism, frequency step and final settling ppm requirement, the switching time of 150 us is estimated. It means that when the round trip delay is not considered, the last two OFDM symbols of a downlink subframe have to be dropped if an uplink subframe immediately follows. 
The impact to the demodulation performance on this particular downlink subframe is the equivalent increase of the code rate. Furthermore, for the DMRS based transmission, the channel estimation quality may get worse for losing the reference signal in the second slot. 
3  Simulation for the downlink subframes not received completely
The behaviour of DL-UL switching for half-duplex FDD mode by dropping a couple of last OFDM symbols is simulated by the condition that, for each subframe in FDD mode, the LLR values corresponding to the REs of the dropped OFDM symbols are forced to become zero before entering the turbo decoder. The DMRS based channel estimation only uses the reference signal on the first slot as any OFDM symbol is dropped. One receive antenna is equipped at the MTC UE and one layer transmission is performed. Also, no re-transmission is configured for collecting the statistics.
Fig. 1, 2 and 3 show the scheduling of 6 PRBs with MCS 9, 5 and 2, respectively, and the corresponding TB size is 936, 504 and 256 bits. The red curve in each figure shows that the subframe can be received completely. It is seen that when only RF switching time is considered, which is of 2 OFDM symbols, the performance degradation is around 3dB, 2dB and 1.5dB in Fig. 1, 2 and 3. As the round trip delay is also considered, the degradation is getting severe, which can be seen by the curves of dropping more than 2 OFDM symbols in each figure. Then, the probability of re-transmission is largely increasing in this particular downlink subframe scenario. The overall impact to the system throughput may require the system level simulation, especially as the number of LC-MTC UE increases. 
In Fig. 4, 5 and 6, the throughput for only using the reference signal at the first slot for channel estimation is compared with that of performing normal channel estimation procedure. The green and purple curves in each figure represent the results of normal channel estimation procedure as the LLR values at the last two and three OFDM symbols are forced to be zero. The green curve is compared with the blue one, and the purple curve is compared with the pink one, respectively. It is seen that, the poor channel estimation quality may contribute additional 0.5~1 dB loss.
[image: image1.png]throughput (Mbps)

EVA, Dappler = 2Hz, B PRES allocated

05|
%% —— mcs3 no drop any sym
= mcs9 drop 1 symbol
03 —— mcs3 drop 2 symbols
—— mcs3 drop 3 symbols
02 ——— mcs3 drop 4 symbols
——+— mes3 drop 5 symbols
01 ~+ mes3 drop 6 symbols
- mes3 drop 7 symbols
[ = e =
5 7 [} 11 15 17 18 20



 [image: image2.png]transport block error rate for cwd

09

08

07

08

05

04

03

02

01

EVA, Dappler = 2Hz, B PRBs allocated, BLER curve

T

.

.

i

—— mcs3 no drop any sym
= mcs9 drop 1 symbol

—— mcs3 drop 2 symbols
—— mcs3 drop 3 symbols
——— mcs3 drop 4 symbols
——+— mes3 drop 5 symbols
~+ mes3 drop 6 symbols
< mes3 drop 7 symbols





Fig. 1.a, MCS 9, 6PRBs, TB size = 936 bits, code rate = 0 .67     Fig. 1.b, the corresponding BLER curves of Fig. 1.a
[image: image3.png]throughput (Mbps)

EVA, Dappler = 2Hz, B PRES allocated

—— mcs5 no drop any sym
= mcs5 drop 1 symbol
05| —*— mess drop 2 symbols
—— mcs5 drop 3 symbols
——— mes5 drop 4 symbols
——— mesS drop 5 symbols
—+ mesS drop 6 symbols
- mesS drop 7 symbols

01




 [image: image4.png]03

transport block error rate for cwd

02

01

EVA, Dappler = 2Hz, B PRBs allocated, BLER curve

—— mcs5 no drop any sym
= mcs5 drop 1 symbol
—— mesS drop 2 symbols
—— mcs5 drop 3 symbols
——— mes5 drop 4 symbols
——— mesS drop 5 symbols
—+ mesS drop 6 symbols
- mesS drop 7 symbols

2 0 2





Fig. 2.a, MCS 5, 6PRBs, TB size = 504 bits, code rate = 0.36     Fig. 2.b, the corresponding BLER curves of Fig. 2.a
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 Fig. 3.a, MCS 2, 6PRBs, TB size = 256 bits, code rate = 0.2     Fig. 3.b, the corresponding BLER curves of Fig. 3.a
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  Fig. 4.a, MCS 9, 6PRBs, compare CE degradation      Fig. 4.b, the corresponding BLER curves of Fig. 4.a
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  Fig. 5.a, MCS 5, 6PRBs, compare CE degradation      Fig. 5.b, the corresponding BLER curves of Fig. 5.a
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  Fig. 6.a, MCS 2, 6PRBs, compare CE degradation     Fig. 6.b, the corresponding BLER curves of Fig. 6.a
4  Conclusion
Our conclusions through the study are as follows.

Observation 1: The RF switching time is 150 us in HD-FDD mode as one oscillator is considered. 

Observation 2: The downlink subframe encountering DL-UL switching has significant performance loss, and for the DMRS based transmission mode, the channel estimation may contribute additional 0.5~1 dB loss.
5  References
[1] R4-137120, Way forward on LC-MTC half duplex guard period calculation, Huawei, Ericsson, Intel 
