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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#98 meeting, the following agreements were made [2]:
Agreement:
The numerology of Tcp=300us/Tu=2.7ms should be used for PMCH to support rooftop reception.
Agreement:
An RS pattern with Df=3 is supported
· FFS: Dt and other values for Df
Agreement:
The effect of CFO in PMCH reception should be considered
Agreement:
Companies are encouraged to evaluate the performance of rooftop reception with tone interleaving
Agreement:
TBS mapping of the new numerology for rooftop reception (300/2700) is achieved by applying scaling factors to the legacy TBS determination procedure.
· FFS: Select from the following alternatives:
· PRB scaling
· Scaling by using the TBS table for a larger number of layers
· TBS scaling

This contribution discusses the RS pattern and TBS mapping for the new numerology.
RS pattern for the new numerology
Design principles for RS pattern
There were two RS patterns discussed in the last meeting. One RS pattern is shown in Figure 1 as an example of the typical RS patterns that are used in 3GPP. Such an RS pattern is similar to the RS pattern used for the subcarrier spacing of 1.25 kHz, where Df=3 represents the RS tone separation in the frequency domain and Dt=2 represents the RS tone separation in the time domain. 

[image: ]
[bookmark: _Ref15380525]Figure 1: One example of the legacy RS pattern for the new numerology

The other RS pattern discussed is shown in Figure 2, and termed a staggered RS pattern. The RS pattern with “Frequency Spacing” of Df=3 subcarriers and “Time Stagger” of Dt=2 symbols implies that when the RSs from Dt consecutive symbols are coalesced together, there is an RS in one out of every Df subcarriers throughout the entire system bandwidth [3]. 
[image: ]
[bookmark: _Ref19727201]Figure 2: One example of the staggered RS pattern for the new numerology
Df   is defined across the coalescence of RSs in consecutive symbols for the RS patterns in Figure 1 or Figure 2. A smaller Df leads to a longer EI which would improve SNR values. Moreover, the RS in consecutive symbols can provide more accurate channel estimation for PMCH decoding than the case using the RS in a single symbol. 
The scheduling granularity also needs to be considered. For example, if only one OFDM symbol for the new numerology is used for one TB transmission from eNB, PMCH decoding may not be able to use the RS across the consecutive symbols, and then Df  is defined in a single symbol or how many symbols is a question. 
If one TB is transmitted using two or four OFDM symbols, the RS in the block with Dt=2 or Dt=4 respectively can always be used for channel estimation and PMCH decoding. In such a case, there is no need to introduce an additional symbol conveying denser RS to improve the performance as proposed in [3]. However, a larger scheduling granularity in time domain would imply more storage for UE implementation especially for PMCH decoding as PMCH is transmitted across the entire bandwidth. In any case, scheduling granularity or the resource block needs to be defined for the new numerology as is defined for other numerologies in TS 36.211. 
Proposal 1: The resource block needs to be defined for the new numerology to support rooftop. 

[bookmark: _Ref20407845]Impact of carrier frequency offset
The phase noise is due to the instability of carrier signal generators used at the transmitter and receiver, and the Doppler frequency shift will cause carrier frequency offset (CFO). The order of the residual CFO after PBCH decoding depends on UE implementation. In legacy LTE, CFO is corrected by running a Frequency Tracking Loop (FTL) over successive occurrences of the CRS at the same location in frequency. 
As to an RS pattern with a RS tone separation in the time domain of Dt, the FTL can correct a residual CFO of up to  Hz, where Tsymbol is the length of PMCH symbol including CP. For the RS pattern of Df=3/Dt=2, the FTL can correct the maximum CFO of 83.3 Hz; while the RS pattern of Df=3/Dt=4 can only correct a maximum CFO of 41.7 Hz. It can be seen that the RS pattern of Df=3/Dt=2 can correct larger CFO than the RS pattern of Df=3/Dt=4. 
Given residual CFO is a general case in LTE for all UEs at least for the RS patterns defined in specifications, there is no need to enhance it under the specified RS pattern framework. 
Proposal 2: Not consider the enhancement to RS design to correct CFO for the new numerology to support rooftop. 

Simulation results
The values of Df and Dt determine the RS overhead and also the performance of channel estimation. According to Figure 1 and Figure 2 and the formula of EI, the larger Df is the smaller RS overhead is and the smaller EI is.
Table 1 summarizes the 95%-ile SINR values for the dedicated carrier with the legacy RS pattern in Figure 1 and the staggered RS pattern in Figure 2 using different schedule granularities. The simulation assumptions for system level come from TR 36.776 [4]. For a given RS pattern, Df is assumed to be different dependent on the scheduling granularity under the assumption that channel estimation is performed by using the RS only on the resource blocks subject to the scheduling granularity. 
[bookmark: _Ref15389051]Table 1: 95%-ile SINR for rooftop reception
	Case ID
	Network Topology
	Pattern
	Df
	Dt
	Schedule granularity (symbol)
	95%-ile SINR (dB)

	1
	HPHT-1
	Legacy
	6
	2
	1
	10.9

	2
	HPHT-1
	Legacy
	3
	2
	2
	17.0

	3
	HPHT-1
	Staggered
	12
	4
	1
	9.4

	4
	HPHT-1
	Staggered
	6
	4
	2
	10.9

	5
	HPHT-1
	Staggered
	3
	4
	4
	17.0

	6
	MPMT
	Legacy
	6
	2
	1
	18.4

	7
	MPMT
	Legacy
	3
	2
	2
	19.8

	8
	MPMT
	Staggered
	12
	4
	1
	14.9

	9
	MPMT
	Staggered
	6
	4
	2
	18.4

	10
	MPMT
	Staggered
	3
	4
	4
	19.8



It can be seen from Table 1:
For both HPHT-1 and MPMT rooftop scenarios, a bigger schedule granularity leading to a smaller Df will cause a longer EI and a higher SINR. The schedule granularity largely affects the SINR values.
Observation: The scheduling granularity has a large effect on the SINR values.

For further comparison between the proposed RS patterns, link-level simulation can be performed to output the spectral efficiency results. However, before running link-level simulations, some assumptions need to be clarified or aligned. For example, what scheduling granularity is used, whether the additional RS used for CFO correction and the additional RS for the case of TDM different numerologies are counted in the overhead, which RS is used for channel estimation, etc. 
It is noted that for Dt=2 the RS pattern in Figure 1 and Figure 2 are equivalent. Considering the RS pattern with Dt=2 can correct more CFO than the pattern with Dt=4 and the pattern with Dt=2 is the pattern or a similar pattern broadly used in LTE. Therefore, the RS pattern with Dt=2 is preferred. 
Proposal 3: The RS pattern with Dt=2 is preferred. 

TBS mapping for the new numerology
For the new numerology to support rooftop reception, the symbol duration is longer than 1 ms. If the TBS tables in 3GPP TS 36.213 are re-used, the TBS values from the TBS table according to the bandwidth and MCS is rather smaller than the actual number of bits that can be transported during a resource block of 
180 kHz and 3 ms duration.
One possible solution to solve the above problem is as follows, assuming the schedule granularity is one resource block with one symbol of 3 ms duration:
· Reuse the Modulation and TBS index table to get the TBS index  according to the MCS Index 
· Reuse the Transport block table to get the temporary TBS value according to the TBS index  and PRB number 
· Scale the temporary TBS values by a scaling factor α and selected the closest integer which can be divided by 8 as the TBS values, 
The scaling factor α is: 

where  is the RE number in one RB of 180 kHz for the new numerology, is the RE number in one RB for legacy numerologies (i.e., 200 us Tcp and 800 us Tu). 
In this way, the TBS value will be larger with the same bandwidth (or PRB number) and MCS (or TBS index).
Proposal 4: The following solution for TBS mapping of new numerologies can be used, assuming the schedule granularity is one symbol:
· Reuse the Modulation and TBS index table to get the TBS index  according to the MCS Index 
· Reuse the Transport block table to get the temporary TBS value according to the TBS index  and PRB number 
· Scale the temporary TBS values by a scaling factor α and selected the closest integer which can be divided by 8 as the TBS values, .
· The scaling factor  , where  is the RE number in one RB for the new numerology, is the RE number in one RB for legacy numerologies.

Conclusions
In this contribution, the RS pattern and TBS mapping for new numerology are discussed, which lead to the following observations and proposals:
Proposal 1: The resource block needs to be defined for the new numerology to support rooftop. 
Proposal 2: Not consider the enhancement to RS design to correct CFO for the new numerology to support rooftop. 

Observation: The scheduling granularity has a large effect on the SINR values.
Proposal 3: The RS pattern with Dt=2 is preferred. 
Proposal 4: The following solution for TBS mapping of new numerologies can be used, assuming the schedule granularity is one symbol:
· Reuse the Modulation and TBS index table to get the TBS index  according to the MCS Index 
· Reuse the Transport block table to get the temporary TBS value according to the TBS index  and PRB number 
· Scale the temporary TBS values by a scaling factor α and selected the closest integer which can be divided by 8 as the TBS values, .
· The scaling factor  , where  is the RE number in one RB for the new numerology, is the RE number in one RB for legacy numerologies.
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