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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 to specify new numerology(ies) for PMCH for support of rooftop reception in MPMT and HPHT-1 scenarios as described in TR 36.776 as follows:
· Specify new numerology(ies) for PMCH for support of rooftop reception in MPMT and HPHT-1 scenarios as described in TR 36.776 [RAN1, RAN4]
· The new numerology(ies) shall have a cyclic prefix length of at least 300us and a core OFDM symbol duration (excluding cyclic prefix) of at least 2.4ms.
· The definition of the new numerology, apart from link/system level performance, shall consider factors such as UE complexity and frame structure alignment with the cell acquisition subframes (CAS).
· This objective comprises specifying associated RS pattern(s), MCS, TBS, UE capabilities for the new numerology(ies).
· RAN1 should strive to define a single numerology to cover both MPMT and HPHT-1 cases.
[….]
NOTE: The new numerologies shall be also specified for the mixed carrier case, except for those numerologies (if any) that are not compatible with the mixed carrier frame structure.
In RAN1#98bis meeting, the following agreements and working assumption were made [2]:
Agreement:
For the support of numerologies with 100 us and 300 us CP, the baseline for “baseband capability” is the one defined in TS 36.213 subclause 11.1
· FFS: The value range of parameters for the scaling factor for new numerologies
Agreement:
For the numerology with 300us CP, the scheduling granularity is 1 OFDM symbol of 3ms
Agreement:
For the TBS determination for the 300us CP numerology, the procedure for calculating the TBS is as follows:
1. Reuse the modulation and TBS index table in TS 36.213 and according to the signalled IMCS, obtain  
a. FFS whether modifications to the legacy modulation and TBS index table are needed (to be checked once the RS pattern is agreed)
2. Reuse the transport block size table in TS 36.213 and according to the obtained , obtain the corresponding TBS
3. Calculate the used TBS’ as , where the round operation maps  to the closest TBS in the legacy transport block size tables
a. In case two TBSs are at the same distance of , the larger TBS is chosen
b. The value of  is fixed in the specification to 

Working assumption:
For the RS pattern, T_d=4
· FFS: T_d = 2 as a configurable option

This contribution discusses the RS pattern(s), MCS and UE capabilities for the new numerology to support rooftop.
Discussion on the RS pattern and MCS for the new numerology
On the RS pattern
In the last meeting a working assumption was made with regard to the RS pattern, i.e., T_d=4, and FFS T_d = 2 as a configurable option. Even though for both Df=3 and Dt=4, the RS pattern could be as in Fig. 1 (b) called as rhombic RS pattern or as in Fig. 2 called as staggered RS pattern. 
One concern regarding the RS pattern design is the use for the MBMS/unicast mixed carrier, for which the subframes #0 and # 5 must be configured as non-MBSFN subframes. In such a case, only one symbol of 0.37 kHz subcarrier spacing can be transmitted in the MBSFN region and channel estimation may only relies on the RS conveyed in the current symbol. From this sense, the rhombic RS pattern with Dt=4 may not be a good option since there is one symbol that has no RS. 
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                               (a)  Df=3 and Dt=2                                   (b) Df=3 and Dt=4
[bookmark: _Ref24133047]Fig. 1: Rhombic RS pattern with Dt=2 and Dt=4                               



[image: ]
[bookmark: _Ref24133065]Fig. 2: Staggered RS pattern with Df=3 and Dt=4
Comparing the rhombic RS pattern with Dt=2 and the staggered RS pattern with Dt=4, Table 1 summarizes the 95%-tile SINR and the spectral efficiency values of the mixed carrier for rooftop reception with the rhombic RS pattern and the staggered RS pattern, respectively. Note it is assumed that only the RSs in one symbol are used for channel estimation, so that the frequency density of RS in one symbol (Df) for the two RS patterns are 1/6 and 1/12, respectively. 
[bookmark: _Ref24011318]Table 1: 95%-tile SINR and spectral efficiency values of the mixed carrier for rooftop reception
	Network Topology
	Pattern
	Df
	Dt
	95%-tile SINR (dB)
	Spectral efficiency in mixed cell (bps/Hz)

	HPHT-1
	Rhombic
	6
	2
	10.9
	1.65

	HPHT-1
	Staggered
	12
	4
	9.4
	1.52

	MPMT
	Rhombic
	6
	2
	18.4
	2.75

	MPMT
	Staggered
	12
	4
	14.9
	2.47



It can be seen from Table 1, for both HPHT-1 and MPMT rooftop scenarios, the rhombic RS pattern with Dt=2 performs better in terms of spectral efficiency in the mixed carrier. The reason is that the rhombic RS pattern has smaller Df  in one symbol which leads to a larger EI length and a larger SNR in system level simulation, so the spectral efficiency is higher.
In addition, in terms of carrier frequency offset correction, the Frequency Tracking Loop (FTL) can correct a residual CFO of up to  Hz, where Tsymbol is the length of PMCH symbol including CP. Therefore, the rhombic RS pattern with Dt=2 can correct the maximum CFO of 83.3 Hz; while the staggered RS pattern of Dt=4 can only correct a maximum CFO of 41.7 Hz. It can be seen that the rhombic RS pattern of Dt=2 performs better in terms of correcting more carrier frequency offset.
Observation 1: The rhombic RS pattern with Dt=2 performs better than the staggered RS pattern with Dt=4 in terms of large spectral efficiency for the mixed carrier and correcting more carrier frequency offset.

On the modulation and TBS index table
When discussing the TBS determination for the new numerology, on top of the agreements we agreed to FFS whether modifications to the legacy modulation and TBS index table are needed. We expected the legacy modulation and TBS index table could be reused for the rhombic RS pattern with Dt=2 as the difference is minor and investigated this issue for the stagger RS pattern with Dt=4 by simulations. 
The required SNR values for different modulation orders at 1% BLER are listed in Table 2, where the TBS in the second column is round {the legacy TBS times 3}.  TBS index ITBS from 8 to 13 are used for selecting the modulation from QPSK and 16QAM, TBS index ITBS from 14 to 22 are used for selecting the modulation from 16QAM and 64QAM, and TBS index ITBS from 24 to 25 are used for selecting the modulation from 64QAM and 256QAM. 
[bookmark: _Ref23166329]Table 2: the required SNR values for different modulation orders 
	TBS index ITBS
	TBS for NPRB=50
	QPSK SNR @ 1% BLER
	16QAM SNR @ 1% BLER
	64QAM SNR @ 1% BLER
	256QAM SNR @ 1% BLER
	Gap between 16QAM and QPSK
	Gap between 64QAM and 16QAM
	Gap between 256QAM and 64QAM

	8
	20616
	2.5
	3.8
	\
	\
	1.3
	\
	\

	9
	23688
	3.5
	4.5
	\
	\
	1
	\
	\

	10
	26416
	4.1
	4.7
	\
	\
	0.6
	\
	\

	11
	29296
	5.3
	5.3
	\
	\
	0
	\
	\

	12
	34008
	7
	6.2
	\
	\
	-0.8
	\
	\

	13
	39232
	9.4
	7.3
	\
	\
	-2.1
	\
	\

	14
	42368
	\
	7.9
	8.8
	\
	\
	0.9
	\

	15
	45352
	\
	8.5
	9.2
	\
	\
	0.7
	\

	16
	48936
	\
	9.1
	9.9
	\
	\
	0.8
	\

	17
	55056
	\
	10.3
	11
	\
	\
	0.7
	\

	18
	59256
	\
	11.3
	11.8
	\
	\
	0.5
	\

	19
	63776
	\
	12.1
	12.4
	\
	\
	0.3
	\

	20
	68808
	\
	13.2
	13.3
	\
	\
	0.1
	\

	21
	76208
	\
	15.3
	14.6
	\
	\
	-0.7
	\

	22
	81176
	\
	17.5
	15.4
	\
	\
	-2.1
	\

	24
	90816
	\
	\
	17.0
	17.8
	\
	\
	0.8

	25
	93800
	\
	\
	17.6
	18.4
	\
	\
	0.8



The modulation order that requires less SNR for each of TBS indices based on the evaluation results in Table 2 are summarized in Table 3 as well as the legacy modulation order in TS 36.213 for the maximum modulation of 64QAM and 256QAM, respectively, in the last two columns. 
[bookmark: _Ref23166992]Table 3: switching point for the modulation order
	TBS index ITBS
	TBS for NPRB=50
	Modulation Order with less SNR
	Modulation Order in 36.213 Table 7.1.7.1-1 (64QAM)
	Modulation Order in 36.213 Table 7.1.7.1-2 (256QAM)

	8
	20616
	2
	2
	2

	9
	23688
	2
	2,4
	\

	10
	26416
	2
	4
	4

	11
	29296
	2,4
	4
	4

	12
	34008
	4
	4
	4

	13
	39232
	4
	4
	4

	14
	42368
	4
	4
	4

	15
	45352
	4
	4,6
	4

	16
	48936
	4
	6
	6

	17
	55056
	4
	6
	6

	18
	59256
	4
	6
	6

	19
	63776
	4
	6
	6

	20
	68808
	4
	6
	6

	21
	76208
	6
	6
	6

	22
	81176
	6
	6
	6

	24
	90816
	6
	6
	6

	25
	93800
	6
	6
	8



It can be seen from Table 2 and Table 3 that for some TBS indices, e.g., ITBS = 10, 16, 17, 18, 19, 20, the modulation order specified in TS 36.213 is not suitable and the gap for the required SNR could be as large as 1 dB. 
The rows for the modulation and TBS index table supporting up to 64 QAM that need change are summarized in Table 4 in red. Similarly, the rows for the modulation and TBS index table supporting up to 256 QAM that need change are summarized in Table 5 in red. 
[bookmark: _Ref24020499]Table 4: Modulation and TBS index table for QPSK, 16QAM and 64QAM
	MCS Index
[image: ]
	Modulation Order
[image: ]
	TBS Index
[image: ]

	0
	2
	0

	1
	2
	1

	2
	2
	2

	3
	2
	3

	4
	2
	4

	5
	2
	5

	6
	2
	6

	7
	2
	7

	8
	2
	8

	9
	2
	9

	10
	2
	10

	11
	2
	11

	12
	4
	11

	13
	4
	12

	14
	4
	13

	15
	4
	14

	16
	4
	15

	17
	4
	16

	18
	4
	17

	19
	4
	18

	20
	4
	19

	21
	6
	19

	22
	6
	20

	23
	6
	21

	24
	6
	22

	25
	6
	23

	26
	6
	24

	27
	6
	25

	28
	6
	26/26A

	29
	2
	reserved

	30
	4
	

	31
	6
	



[bookmark: _Ref24020506]Table 5: Modulation and TBS index table for QPSK, 16QAM, 64QAM and 256QAM
	MCS Index
[image: ]
	Modulation Order
[image: ]
	TBS Index
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	0
	2 
	0 

	1
	2 
	2 

	2
	2 
	4 

	3
	2 
	6 

	4
	2 
	8 

	5
	2 
	10 

	6
	2 
	11 

	7
	4 
	12 

	8
	4 
	13 

	9
	4 
	14 

	10
	4 
	15 

	11
	4 
	16 

	12
	4 
	17 

	13
	4 
	18 

	14
	4 
	19 

	15
	6 
	20 

	16
	6 
	21 

	17
	6 
	22 

	18
	6 
	23 

	19
	6 
	24 

	20
	6 
	25 

	21
	8 
	27 

	22
	8 
	28 

	23
	8 
	29 

	24
	8 
	30 

	25
	8 
	31 

	26
	8 
	32 

	27
	8 
	33/33A/33B 

	28
	2 
	
reserved

	29
	4 
	

	30
	6 
	

	31
	8 
	



Observation 2: For the staggered RS pattern with Dt=4, the modulation and TBS index table needs to be changed in red as summarized in Table 4 and Table 5 for the new numerology of 0.37 kHz. 
Moreover, the simulation results in [3] show that the performance of the staggered RS pattern with Dt=4 is better than that with Dt =1/2/3 for TBS as large as 71112 bits; while for a small TBS of 45352 bits, the performance difference for the staggered RS pattern with different Dt value is minor. 
Observation 3: For the TBS as large as 71112 bits, the performance of the staggered RS pattern with Dt=4 is better; But for the small TBS, there is no performance difference between Dt=4 and Dt=2, according to the simulation results in [3]. 

Based on the above discussion and the three observations, the rhombic RS pattern with Dt=2 achieves a good tradeoff between performance and spec impact: 
Proposal 1: The rhombic RS pattern with Dt=2 is adopted for the new numerology of 0.37 kHz. 

Baseband capabilities
The processing of the new numerology with 0.37 kHz subcarrier spacing requires a FFT size of 82944 which is 40.5 times larger than that (with 2048 FFT size) is required by the legacy 15 kHz numerology. Thus, processing carriers with 0.37 kHz numerology requires accordingly a larger memory to store the samples compared with legacy 15 kHz numerology.
Based on the description in TS 36.213 [4] subclause 11.1, the UE may optionally report scaling factors  to indicate a limitation on baseband capability of 0.37 kHz numerology. For example, the values for  can be chosen from {12, 24, 36, 48}.
Proposal 2: The values for  can be {12, 24, 36, 48} for the baseband capability scaling to support the new numerology of 0.37 kHz.

Conclusions
In this contribution, the RS pattern(s), MCS and UE capabilities for the new numerology to support rooftop are discussed, which lead to the following observations and proposals:
Observation 1: The rhombic RS pattern with Dt=2 performs better than the staggered RS pattern with Dt=4 in terms of large spectral efficiency for the mixed carrier and correcting more carrier frequency offset.
Observation 2: For the staggered RS pattern with Dt=4, the modulation and TBS index table needs to be changed in red as summarized in Table 4 and Table 5 for the new numerology of 0.37 kHz. 
Observation 3: For the TBS as large as 71112 bits, the performance of the staggered RS pattern with Dt=4 is better; But for the small TBS, there is no performance difference between Dt=4 and Dt=2, according to the simulation results in [3]. 
Proposal 1: The rhombic RS pattern with Dt=2 is adopted for the new numerology of 0.37 kHz. 
[bookmark: _GoBack]Proposal 2: The values for  can be {12, 24, 36, 48} for the baseband capability scaling to support the new numerology of 0.37 kHz.
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