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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN #83 meeting, a new work item, i.e., LTE-based 5G terrestrial broadcast was approved [1]. One of its objectives is as follows:
· Define a new numerology with 100us CP and 400us core symbol duration for support of mobility of up to 250km/h [RAN1, RAN4]
· This objective comprises specifying associated RS pattern(s), MCS, TBS, UE capabilities for the new numerology.

[bookmark: _Toc5513006]In RAN1#96bis meeting, for the new numerology for support of mobility of up to 250km/h, the following agreements are made [2]:
Agreement:
The new numerology with T_CP = 100us and Tu = 400us shall be defined as follows:
· Subcarrier spacing Δf = 2.5 kHz
· Subframe duration 1ms
· Slot duration 0.5ms (one symbol per slot, two symbols/slots per subframe)
· No control region
Agreement:
Subframes with Δf = 2.5 kHz are supported in MBSFN subframes on mixed mode carriers
Agreement:
The legacy set of TBS values is the starting point for defining the set of TBS values for subframes with Δf = 2.5 kHz.
· FFS: Additional TBS values
Agreement:
RS patterns for the subframes with Δf = 2.5 kHz shall be chosen based on evaluations. 
· FFS: Extensions or modifications to the modulation and TBS index table in 3GPP 36.213.

This contribution discusses the design principles of RS pattern, MCS and TBS for the new numerology for support of mobility.
Discussion on RS pattern for the new numerology
The RS pattern to be designed is based on the new numerology with 100us CP and 400us core symbol duration according to the WID. 
Design principles for RS pattern
One example for the RS pattern is shown in Figure 1, where Df is used to represent the RS tone separation in the frequency domain and Dt is to represent the RS tone separation in the time domain as the same illustration used in [3]. 
In Figure 1, Df=3, Dt=2, for the new numerology of the CP length of Tcp=100us and core symbol duration of Tu = 400us, and in such a case EI is Tu/Df = 400/3 = 133.3µs.

[image: ]
[bookmark: _Ref4169056]Figure 1: One example for RS pattern of the new numerology. 
The values of Df  and Dt determine the RS overhead and also the performance of channel estimation. According to Figure 1 and the formula of EI, the larger Df is the smaller RS overhead is and the smaller EI is.
For example, when Df =4 and EI=100us which is equal to the CP length, the SFN gain is quite small compared with that for a longer EI. However, the RS overhead would be too large if Df=1. Therefore, Df=2 or Df=3 might be a good tradeoff.
In addition, the larger Dt is the smaller RS overhead is. However, Dt cannot be too large (at least no larger than 4) because the UE with the speed of 250km/h will cause a large Doppler Shift for which a dense RS in time domain is usually expected for better channel estimation performance. 
Given the analysis above, some combination candidates of Df and Dt as well as the EI length and the RS overhead are summarized in Table 1. 
[bookmark: _Ref4170883]Table 1: Parameters of combination candidates for RS pattern 
	Df 
	EI (Tu/Df)
(us)
	Dt
	RS overhead

	2
	200
	2
	25.0%

	2
	200
	3
	16.7%

	2
	200
	4
	12.5%

	3
	133.3
	2
	16.7%

	3
	133.3
	3
	11.1%

	3
	133.3
	4
	8.3%


				  Note: in this table, Tu = 400us. 
Simulation results
Determining Df and Dt is a trade-off between RS overhead and performance. The performance is evaluated from system level and link level simulations. The simulation assumptions for system level and link level   come from the report of the study item phase [4].
Figure 2 shows the link level results of LPLT car-mounted scenario with 250km/h and TBS=9912 for the combination of Df and Dt listed in Table 1. It can been seen that:
· With the same Df, the gain of Dt =2 compared to Dt =3 and Dt =4 is about 5dB at BLER=0.01 which benefits from more accurate channel estimation.
· With the same Dt, the gain of Df =3 compared to Df =2 is below 0.5dB at BLER =0.01 which benefits from the smaller RS overhead.
[image: ]
[bookmark: _Ref4750150]Figure 2: Link level results for different combinations of Df and Dt with 250km/h and TBS=9912.
For LPLT and MPMT scenarios, the simulation results for the 95%-tile SINRs and the achievable spectral efficiencies for 250km/h are summarized in Table 2.
[bookmark: _Ref4748654]Table 2: 95%-tile SINR and spectral efficiency for car-mounted scenarios
	Scenario
	Df
	Dt
	SINR (dB)
	Spectral efficiency (bps/Hz)

	LPLT
	2
	2
	9.0
	0.97

	
	
	3
	9.0
	0.78

	
	
	4
	9.0
	0.78

	
	3
	2
	7.6
	0.85

	
	
	3
	7.6
	0.68

	
	
	4
	7.6
	0.68

	MPMT
	2
	2
	3.2
	0.43

	
	
	3
	3.2
	0.43

	
	
	4
	3.2
	0.43

	
	3
	2
	1.8
	0.35

	
	
	3
	1.8
	0.35

	
	
	4
	1.8
	0.35



It can be seen that Df =2 has a larger spectral efficiency compared to Df =3, the reason is that the SINR gain of longer EI is higher than the SINR loss of larger RS overhead. Taking LPLT with Dt =2 as an example, the SINR gain of Df =2 compared to Df =3 due to the longer EI from the system level simulation is 1.4dB, but the SINR loss caused by the larger RS overhead from the link level simulation is 0.5dB, so that the spectral efficiency of Df =2 compared to Df =3 is higher.
Observation: The RS pattern with Df=2 and Dt=2 has the highest spectral efficiency in LPLT and MPMT scenarios for car-mounted reception with 250km/h across the evaluated scenarios.
Proposal 1: The RS pattern with Df=2 and Dt=2 is specified for the new numerology to support mobility of up to 250km/h.
Discussion on MCS and TBS for the new numerology
PMCH supports numerologies of 15 kHz, 7.5 kHz, and 1.25 kHz in LTE so far in Rel-15, for which the subframe duration is kept to be 1ms and the difference is the number of symbols supported in one subframe. Moreover, the modulation and TBS index table and the transport block size table in 3GPP TS 36.213 are the same for the supported numerologies. 
For the new numerology with CP 100us and a core OFDM symbol of 400us duration, the subframe duration and slot duration have been agreed to follow the legacy frame structure. As illustrated in Figure 3, the new numerology with Δf = 2.5 kHz has a 1ms subframe duration and 0.5ms slot duration which are aligned with legacy numerologies. In addition, the CP overhead in one symbol or subframe for the new numerology is the same as that for the legacy numerologies as well. 
If not considering the MBSFN RS overhead and non-MBSFN region, the available REs for PMCH transmission with the new numerology are the same as that for the legacy numerologies in one subframe, it is straightforward to reuse the legacy tables of the MCS and TBS for the new numerologies and additional TBS values are not necessary to be introduced considering the coding rate for a given MCS can vary in a range.



[bookmark: _Ref7425521]Figure 3: Subframe structure for PMCH with different numerologies.

Proposal 2: The legacy modulation and TBS index table and the TBS transport block size table in 3GPP TS 36.213 are re-used for the new numerology to support mobility of up to 250km/h.
Proposal 3: Additional TBS values are not necessary to be introduced for the new numerology to support mobility of up to 250km/h.
[bookmark: _GoBack]
Conclusions
This contribution discusses the design of RS pattern, MCS and TBS for the new numerology of support of mobility of up to 250km/h. System level and link level simulation results are provided as well as the analysis of the tradeoff between performance and the RS overhead, which leads to the following observation and proposal:
Observation: The RS pattern with Df=2 and Dt=2 has the highest spectral efficiency in LPLT and MPMT scenarios for car-mounted reception with 250km/h across the evaluated scenarios.
Proposal 1: The RS pattern with Df=2 and Dt=2 is specified for the new numerology to support mobility of up to 250km/h.
Proposal 2: The legacy modulation and TBS index table and the TBS transport block size table in 3GPP TS 36.213 are re-used for the new numerology to support mobility of up to 250km/h.
Proposal 3: Additional TBS values are not necessary to be introduced for the new numerology to support mobility of up to 250km/h.
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