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[bookmark: _Ref4817]Introduction
In RAN#83 meeting, a new work item on Broadcast (i.e., LTE-based 5G terrestrial broadcast) was approved [1]. One of its objectives is to specify a new numerology for PMCH to support rooftop reception in MPMT and HPHT-1 scenarios as described in TR36.776. The new numerology with SCS = 0.37 kHz was agreed.
For the issue on how to guarantee the UE can estimate the full channel [2], some corrections due to the newly introduced 0.37 kHz subcarrier spacing are needed. 
In this contribution, we mainly focus on the above issues and give the corresponding text proposals.
Discussion
To keep the channel estimation causal [2], it is proposed that the UE can assume that MBSFN-RS are presented in the previous slots (depending on the stagger length). As shown below, the similar issue for port 4 except for SCS = 0.37 kHz has already been considered in TS 36.211-g10.
	[bookmark: _Toc454818004]6.2.1	Resource grid



[bookmark: OLE_LINK55][bookmark: OLE_LINK56]The transmitted signal in each slot is described by one or several resource grids of  subcarriers and  OFDM symbols. The resource grid structure is illustrated in Figure 6.2.2-1. The quantity  depends on the downlink transmission bandwidth configured in the cell and shall fulfil




where  and  are the smallest and largest downlink bandwidths, respectively, supported by the current version of this specification. 

The set of allowed values for  is given by 3GPP TS 36.104 [6]. The number of OFDM symbols in a slot depends on the cyclic prefix length and subcarrier spacing configured and is given in Table 6.2.3-1.
An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed. For MBSFN reference signals, positioning reference signals, UE-specific reference signals associated with PDSCH, demodulation reference signals associated with SPDCCH, and demodulation reference signals associated with EPDCCH, there are limits given below within which the channel can be inferred from one symbol to another symbol on the same antenna port. There is one resource grid per antenna port. The set of antenna ports supported depends on the reference signal configuration in the cell:



-	Cell-specific reference signals support a configuration of one, two, or four antenna ports and are transmitted on antenna ports ,, and , respectively.


-	MBSFN reference signals are transmitted on antenna port. The channel over which a symbol on antenna portis conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only if the two symbols correspond to subframes of the same MBSFN area.




-	UE-specific reference signals associated with PDSCH intended for non-BL/CE UE are transmitted on antenna port(s) , , , or one or several of . The channel over which a symbol on one of these antenna ports is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only if the two symbols are within the same subframe and in the same PRG when PRB bundling is used or in the same PRB pair when PRB bundling is not used.


Regarding the newly introduced the SCS = 0.37 kHz, keeping the channel estimation causal for type1 RS and type2 RS can be specified in the same way.
· Type1 RS

For a PMCH transmitted with 0.37 kHz subcarrier spacing and MBSFN reference signal pattern type 1: The channel over which a symbol on antenna portis conveyed can be inferred from the channel over which another three symbols on the same antenna port is conveyed only if the four symbols correspond to slots of the same MBSFN area.
· Type2 RS

For a PMCH transmitted with 0.37 kHz subcarrier spacing and MBSFN reference signal pattern type 2: The channel over which a symbol on antenna portis conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only if the two symbols correspond to slots of the same MBSFN area.
Based on the above analysis, the following TP is proposed.
Proposal 1: Introduce TP1: {TS36.211 Section 6.2.1} for LTE-based 5G terrestrial broadcast.
TP1: {TS36.211 Section 6.2.1}

	6.2.1	Resource grid
<---------------------------Other parts are omitted ------------------------------->
An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed. For MBSFN reference signals, positioning reference signals, UE-specific reference signals associated with PDSCH, demodulation reference signals associated with SPDCCH, and demodulation reference signals associated with EPDCCH, there are limits given below within which the channel can be inferred from one symbol to another symbol on the same antenna port. There is one resource grid per antenna port. The set of antenna ports supported depends on the reference signal configuration in the cell:



-	Cell-specific reference signals support a configuration of one, two, or four antenna ports and are transmitted on antenna ports ,, and , respectively.




-	MBSFN reference signals are transmitted on antenna port. The channel over which a symbol on antenna portis conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only if the two symbols correspond to subframes of the same MBSFN area. For MBSFN reference signal pattern type 1 of 0.37 kHz subcarrier spacing, the channel over which a symbol on antenna port  is conveyed can be inferred from the channel over which another three symbols on the same port is conveyed only if the four symbols correspond to slots of the same MBSFN area. For MBSFN reference signal pattern type 2 of 0.37 kHz subcarrier spacing, the channel over which a symbol on antenna port  is conveyed can be inferred from the channel over which another symbol on the same port is conveyed only if the two symbols correspond to slots of the same MBSFN area. 




-	UE-specific reference signals associated with PDSCH intended for non-BL/CE UE are transmitted on antenna port(s) , , , or one or several of . The channel over which a symbol on one of these antenna ports is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only if the two symbols are within the same subframe and in the same PRG when PRB bundling is used or in the same PRB pair when PRB bundling is not used.
<---------------------------Other parts are omitted ------------------------------->




Conclusion
In this contribution, we discuss how to keep the channel estimation causal for the newly introduced SCS=0.37 KHz and the following TP is proposed.
Proposal 1: Introduce TP1: {TS36.211 Section 6.2.1} for LTE-based 5G terrestrial broadcast.
TP1: {TS36.211 Section 6.2.1}

	6.2.1	Resource grid
<---------------------------Other parts are omitted ------------------------------->
An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed. For MBSFN reference signals, positioning reference signals, UE-specific reference signals associated with PDSCH, demodulation reference signals associated with SPDCCH, and demodulation reference signals associated with EPDCCH, there are limits given below within which the channel can be inferred from one symbol to another symbol on the same antenna port. There is one resource grid per antenna port. The set of antenna ports supported depends on the reference signal configuration in the cell:



-	Cell-specific reference signals support a configuration of one, two, or four antenna ports and are transmitted on antenna ports ,, and , respectively.




-	MBSFN reference signals are transmitted on antenna port. The channel over which a symbol on antenna portis conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only if the two symbols correspond to subframes of the same MBSFN area. For MBSFN reference signal pattern type 1 of 0.37 kHz subcarrier spacing, the channel over which a symbol on antenna port  is conveyed can be inferred from the channel over which another three symbols on the same port are conveyed only if the four symbols correspond to slots of the same MBSFN area. For MBSFN reference signal pattern type 2 of 0.37 kHz subcarrier spacing, the channel over which a symbol on antenna port  is conveyed can be inferred from the channel over which another symbol on the same port is conveyed only if the two symbols correspond to slots of the same MBSFN area. 




-	UE-specific reference signals associated with PDSCH intended for non-BL/CE UE are transmitted on antenna port(s) , , , or one or several of . The channel over which a symbol on one of these antenna ports is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only if the two symbols are within the same subframe and in the same PRG when PRB bundling is used or in the same PRB pair when PRB bundling is not used.
<---------------------------Other parts are omitted ------------------------------->
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