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1. Introduction
In this paper, we present our view on 5G terrestrial broadcast demod requirement. 
2. Discussion

Simulation assumption for PMCH demod test
We propose to start from Rel-14 MBMS performance test configurations. The configuration that is applicable to Rel-16 5G broadcast is listed below
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Table 2‑1 Simulation assumptions for PMCH demod test
The BLER requirement can follow LTE, 1% BLER for PMCH demod test.

Proposal 1: Use Table 2‑1 as simulation assumptions for PMCH demod test.

Long numerology

The long numerology with SCS = 370Hz design is targeting rooftop reception scenario. In this scenario, very low mobility and 1 transmitter antenna with 1 receiver antenna are considered. Since PMCH symbol length is 3ms, only dedicated carrier is possible for long numerology case. 

With 0.3ms CP length, long numerology design can tolerate much larger delay spread channel profile. However, there are some limitations by the physical layer structure design agreed by RAN1, listed below
· Most of strong taps (echoes) have to be concentrated within 0.3ms CP length. UE might be able to identify taps (echoes) outside this window, however, inter-symbol interference is introduced by these taps which may limit the maximum SINR can be achieved thus lower the MCS can be supported under the channel condition.
Proposal 2: Majority of the received signal power by UE needs to be concentrated on echoes/channel taps within CP window.

· Both agreed RS patterns for long numerology has Df = 3, which corresponds to 1.1kHz frequency spacing of RS RE. Therefore, UE can theoretically identify taps (echoes) up to 900us apart, i.e., the identifiable delay spread is up to 900us. When taking implementation impairment into consideration, UE can identify up to 800us (about 90% of theoretical EI window length) delay spread in practical scenarios with the designed RS pattern. We call the range where UE can identify channel taps (echoes) the EI window. For the taps (echoes) outside EI window, they become alias signals, appearing on the tap domain as image. UE can re-adjust the CP window location (thus FFT sampling window location) based on the identified taps (echoes), but the aliasing signal may prevent UE from correctly locating the CP window.
Proposal 3: EI windows length to be considered for long numerology test is 800us, by taking RS pattern and implementation margin into consideration. 
Proposal 4: Use the following assumption to design propagation condition: echoes/channel taps outside EI window are week and should have negligible impact on system performance.
· During initial acquisition, UE can identify the strongest tap (echo), and the CP window location is decided by strongest tap location. Since there could be pre- and post- echoes in the channel profile located left and right on time domain, UE may place its EI window to cover both pre- and post- echoes. To be more specific, if the strongest tap identified during initial acquisition is at x, the EI window should be [x-EI_length/2, x+EI_length/2]. After initial acquisition, EI winodws moves with CP window as they have the same center. 
Observation 1: EI window location during initial acquisition is [x-EI_length/2, x+EI_length/2], where x is the strongest tap identified during initial acquisition, and EI_length = 800us. After initial acquisition, EI winodws moves with CP window as they have the same center.
Proposal 5: Take observation 1 into consideration when designing propagation condition.
Based on the limitations explained above, we propose the following guidelines/assumptions for channel power delay profile:

· Most of strong taps (echoes) lies in the window of size 0.3ms (CP). They must be identifiable to UE, hence they can’t be >400us from the strongest tap
· All the taps (echoes) except a few very week ones must fall within a 800us window. The taps (echoes) outside this window are definitely appeared as aliasing signal (images), which might degrade the performance of TTL timing decision
We use a channel following the guidelines above, also take the comments made in [1] into consideration, including pre-echo above threshold before strongest tap, strong taps are not all surrounded strongest tap. Then we simulate PMCH with 64QAM under this propagation condition.

The channel profile we simulated:

	Delay (us)
	0
	130
	220
	240
	400
	520
	650

	Relative power (dB)
	-11
	-10
	-4.5
	-3.5
	-13
	-20
	-25


We can observe that peak throughput can be achieved with the channel we simulated (peak throughput is 3.77Mbps in our example). 
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MCS should be decided based on channel profile. The more power concentrated within CP length, the higher MCS can be reliably decoded. In addition to MCS, there are two RS configuration options: Df = 4, Dt = 4 or 2. We propose to select from the following test options for long numerology:

· Larger channel delay spread with zero Doppler, Dt = 4 with appropriate MCS

· Smaller channel delay spread with Doppler = 5Hz, Dt = 2 with appropriate MCS
Short numerology

The short numerology with SCS=2.5kHz design is for mobile environment in which target velocities are 120 km/h and 250km/h. For 700MHz carrier frequency, this translate to 78Hz and 162Hz Doppler spread. 1 transmitter antenna and 2 receiver antenna is considered in mobile environment case. 
Proposal 6: Consider 78Hz and 162Hz Doppler spread.

We show the preliminary simulation results with EVA channel, MCS 17 in the following figure:
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Since we consider SFN in 5G broadcast, we may have some additional weak paths with larger delay from neighboring cells in the same SFN area. To model those paths, we add two taps with delay 10us and 50us and power -20dB and -25dB, which are weaker than the weakest tap in EVA (-16.9dB, w.r.t. strongest tap). We call this channel EVA_MBMS. The preliminary results are shown in the following figure:
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Compare the above two figures, we found that in both EVA and EVA_MBMS, peak throughput can be reached with Doppler spread 78Hz and 163Hz.
Observation 2: 64QAM is feasible with EVA and EVA_MBMS channels when consider 78Hz and 162Hz Doppler spread.
Since 5G broacast aims at broader range of applications than previous releases, operator input is needed to design appropriate test based on the observations we made from theoretical analysis and simulation results.

Proposal 7: Take application scenarios provided by operator into consideration to set test configurations. 
Simulation assumption for CAS detection test

For PBCH and PDCCH tests, we consider the options listed in previous section:
(1) Rooftop scenario: no mobility, 1 Tx and 1Rx. Since CAS is not SFN, AWGN is considered in this option 

(2) Mobility: car travel with speed 120km/h or 250km/h, 1Tx and 2Rx. Since CAS is not SFN, EVA is considered in this option.

Proposal 8: consider the following options for CAS detection test

(1) Rooftop scenario: no mobility, AWGN is considered in this option, 1 Tx and 1Rx for antenna configuration.
(2) Mobility: car travel with speed 120km/h or 250km/h, EVA is considered in this option. 1Tx and 2Rx for antenna configuration.

For PBCH test requirement, we can reuse LTE criterion, UE needs to achieve <=1% PBCH miss detection rate.
For PDCCH test requirement, we can resue LTE criterion, UE needs to achieve <=1% PDCCH miss detection rate. 
Proposal 9: reuse LTE requirement on PBCH and PDCCH detection rate for CAS requirement.
3. Conclusions

Proposal 1: Use Table 2‑1 as simulation assumptions for PMCH demod test.
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Table 2‑1 Simulation assumptions for PMCH demod test
Proposal 2: Majority of the received signal power by UE needs to be concentrated on echoes/channel taps within CP window.
Proposal 3: EI windows length to be considered for long numerology test is 800us, by taking RS pattern and implementation margin into consideration. 

Proposal 4: Use the following assumption to design propagation condition: echoes/channel taps outside EI window are week and should have negligible impact on system performance.
Observation 1: EI window location during initial acquisition is [x-EI_length/2, x+EI_length/2], where x is the strongest tap identified during initial acquisition, and EI_length = 800us. After initial acquisition, EI winodws moves with CP window as they have the same center.
Proposal 5: Take observation 1 into consideration when designing propagation condition.
Observation 2: 64QAM is feasible with EVA and EVA_MBMS channels when consider 78Hz and 162Hz Doppler spread.
Proposal 7: Take application scenarios provided by operator into consideration to set test configurations. 
Proposal 8: consider the following options for CAS detection test

(1) Rooftop scenario: no mobility, AWGN is considered in this option, 1 Tx and 1Rx for antenna configuration.
(2) Mobility: car travel with speed 120km/h or 250km/h, EVA is considered in this option. 1Tx and 2Rx for antenna configuration.

Proposal 9: reuse LTE requirement on PBCH and PDCCH detection rate for CAS requirement.
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