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1. Introduction
In a previous contribution [1], we proposed various design options for supporting longer CP lengths for MBSFN subframes. In additional follow-on contributions [2] [3], we have shown performance results for various CP lengths and pilot reference patterns. From these, we have concluded that a 200us CP length is a suitable choice to be used for the eMBMS enahancements study for LTE. In this contribution, we give a simple summary of the 200us configuration including RS placement, and additionally, we provide details on subframe configuration issues that are asociated with this choice of CP length. Finally, we introduce the required 36.211 standards text changes to enable this 200us extended CP symbol numerology.

2.  eMBMS Design Options
Legacy LTE MBSFN subframes support a cyclic prefix of 16.6us and 33.3us. While this CP accommodates most of the propagation delay and multipath in a typical cellular scenario, it is not enough to cover the propagation delay in rural areas with larger eNB inter-site distances. We propose to add the 200us CP case as the extended CP option and give the associated OFDM symbol and RS pattern numerology.

2.1. eMBMS Cyclic Prefix Lengths
The main parameters associated with the 200us CP length for a 10MHz channel are shown in Table 1 below. As a comparison, we show the existing eMBMS CP length of 16.6us and 33.3us as a comparison. A notable aspect of the 200us CP length that differs from the existing numerologies is that the FFT size is not a pure power of 2, but also contains one power of 3. Additionally, the OFDM symbol length equals the 1ms subframe length, and therefore, a slot duration corresponding to ½ a subframe is no longer a relevant parameter.

	CP Length
	16.6us
	33.3us
	200us

	Symbol Length
	83.3 us
	166.6us
	1ms

	Tone Spacing
	15kHz
	7500Hz
	1250Hz

	Num usable tones
	600
	1200
	7200

	FFT size
	2048 = 211
	4096 = 212
	12288 = 3*212

	Num REs per 180kHz RB
	12
	24
	144

	Num OFDM syms per 1ms SF
	12
	6
	1



[bookmark: _Ref450804139]








Table 1: Numerology of selected extended CP lengths for consideration

2.2. MBSFN reference signal design
Similarly to CRS and legacy MBSFN reference signals, we propose to use a staggered structure for the demodulation reference signals for the 200us CP case. An example reference placement is shown in Figure 1 with two staggers at OFDM symbols 0 and 4 with a stagger period of 8 symbols and a tone spacing of 3 tones. Also, like legacy, we will assume a two stagger configuration for the 200us CP case.



[bookmark: _Ref450806850]Figure 1: Example Reference Signal Placement for MBSFN Transmission

The reference signals should be designed to ensure that the UE receiver can resolve channel delay spreads that are longer than the CP length. For the legacy eMBMS configurations as well as our proposed 200us CP configuration, we provide the relevant parameters associated with the desired choice of RS pattern.
	CP Length (us)
	MBSFN Tone Separation
	Measurable Channel Delay Spread (us)
	Stagger Period
	Reference Signal Overhead

	16.6us
	1
	66.6us
	8
	13.6%

	33.3us
	2
	66.6us
	4
	15%

	200us
	3
	266.7us
	2
	16.7%


Table 2: Performance aspects related to choice of MBSFN Reference Signal Parameters

Proposal #1: For the 200us CP configuration, we propose a pilot pattern with 2 staggers having a MBSFN Tone separation of 3 and a stagger period of 2 symbols. This parameter set enables a measurable channel delay spread of 266.7us while maintaining a reasonably reference signal overhead. 

3. Extended 200us CP Subframe Allocation Constraints
For the 200us CP choice, a stagger period of 2 OFDM symbols provides a suitable RS density for channel estimation while maintaing a reasonably low RS overhead that is comparable to the existing 16.6us and 33.3us MBMS configurations. However, the periodicty of this RS pattern is twice that of the 1ms subframe duration, and therefore, this will have implications on how MBSM services are allocated to the subframes. 
In legacy MBMS, any subframe can be configured with a broadcast service pertaining to a unique MBSFN Area, and the MBSFN Area serviced in one subframe can switch to another MBSFN Area on the very next subframe. For the case of a 200us CP, a channel estimate is formulated after both pilot staggers are received, and for a stagger period of 2 OFDM symbols, this implies that a channel estimate can be created only after processing at least 2 OFDM symbols corresponding to a minimum duration of 2ms. Therefore, in order for the receiver to formulate a proper channel estimate for the 200us CP case, a subframe allocated to a particluar MBSFN area must be scheduled adjacent to at least one other extended CP MBSFN subframe that is associated with the same MBSFN area.
With this constraint, a receiver can determine which receive subframes are allocated to a given MBSFN area and can perform channel estimation only across those subframes that have matching MBSFN areas.
Proposal #2: For the 200us CP configuration, an RS pattern with a stagger period of 2 requires that at least 2ms be allocated to a PMCH corresponding to one MBSFN area. This will allow for proper channel estimation at the UE receiver.

4. Proposed 36.211 Standards Text Changes to Support a 200us CP

In the following section, we propose the specific physical layer standards changes that are required to support a 200us CP. The sections that are to be modified are the “MBSFN Reference Signal” and “OFDM Baseband Signal Generation” sections. In order to support 200us CP  (), a rewording of these sections is required largely due to the fact that the slot duration is not defined for the 200us CP case. The modifications to the text are given below in red.

6.10.2	MBSFN reference signals
MBSFN reference signals shall be transmitted in the MBSFN region of MBSFN subframes only when the PMCH is transmitted. MBSFN reference signals are transmitted on antenna port 4.
MBSFN reference signals are defined for extended cyclic prefix only.
[bookmark: _Toc454818071]6.10.2.1	Sequence generation
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The MBSFN reference-signal sequence  is defined by






where  is the slot number within a radio frame and  is the OFDM symbol number within the slot. The pseudo-random sequence  is defined in clause 7.2. The pseudo-random sequence generator shall be initialised with  at the start of each OFDM symbol.

6.10.2.1.2	 subcarrier spacing


The MBSFN reference-signal sequence  is defined by






where  is the subframe number within a radio frame and  is the OFDM symbol number within the subframe. The pseudo-random sequence  is defined in clause 7.2. The pseudo-random sequence generator shall be initialised with  at the start of each OFDM symbol.
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6.10.2.2.1	and  subcarrier spacings





The reference-signal sequence  in OFDM symbol  shall be mapped to complex-valued modulation symbols  with  according to 


where






[bookmark: OLE_LINK21][bookmark: OLE_LINK30]Figure 6.10.2.2.1-1 illustrates the resource elements used for MBSFN reference signal transmission in case of . In case of  for a MBSFN-dedicated cell, the MBSFN reference signal shall be mapped to resource elements according to Figure 6.10.2.2.1-3. The notation  is used to denote a resource element used for reference signal transmission on antenna port.



Figure 6.10.2.2.1-1: Mapping of MBSFN reference signals (extended cyclic prefix, )



Figure 6.10.2.2.1-3: Mapping of MBSFN reference signals (extended cyclic prefix, )


6.10.2.2.2	 subcarrier spacing




The reference-signal sequence  in OFDM symbol  shall be mapped to complex-valued modulation symbols  with  according to 


where





Figure 6.10.2.2.2-1 illustrates the resource elements used for MBSFN reference signal transmission in case of . The notation  is used to denote a resource element used for reference signal transmission on antenna port.



Figure 6.10.2.2.2-1: Mapping of MBSFN reference signals (extended cyclic prefix, )


6.12	OFDM baseband signal generation



6.12.1	and  subcarrier spacings



The time-continuous signal  on antenna port  in OFDM symbol  in a downlink slot is defined by 








for    where  and. The variable  equals 2048 for  subcarrier spacing and 4096 for  subcarrier spacing.




The OFDM symbols in a slot shall be transmitted in increasing order of , starting with , where OFDM symbol starts at time   within the slot. In case the first OFDM symbol(s) in a slot use normal cyclic prefix and the remaining OFDM symbols use extended cyclic prefix, the starting position the OFDM symbols with extended cyclic prefix shall be identical to those in a slot where all OFDM symbols use extended cyclic prefix. Thus there will be a part of the time slot between the two cyclic prefix regions where the transmitted signal is not specified.

Table 6.12-1 lists the value of that shall be used. Note that different OFDM symbols within a slot in some cases have different cyclic prefix lengths.  

Table 6.12-1: OFDM parameters
	Configuration
	
Cyclic prefix length 

	Normal cyclic prefix
	

	




	Extended cyclic prefix
	

	


	
	

	





6.12.1	 subcarrier spacing



The time-continuous signal  on antenna port  in OFDM symbol  in a downlink subframe is defined by 








for    where  and. The variable  equals 24576 for  subcarrier spacing and =144.
The OFDM symbol in a subframe shall be transmitted with l=0.

Table 6.12-2 lists the value of that shall be used. 
Table 6.12-2: OFDM parameters
	Configuration
	
Cyclic prefix length 

	Extended cyclic prefix
	

	






5.  Conclusions
In this contribution, we described the numerology for the 200us CP configuration wth specific emphasis on the RS pattern. We submit two proposal related to this CP choice and associated RS pattern.

Proposal #1: For the 200us CP configuration, we propose a pilot pattern with 2 staggers having a MBSFN Tone separation of 3 and a stagger period of 2 symbols. This parameter set enables a measurable channel delay spread of 266.7us while maintaining a reasonably reference signal overhead. 
Proposal #2: For the 200us CP configuration, an RS pattern with a stagger period of 2 requires that at least 2ms be allocated to a PMCH corresponding to one MBSFN area. This will allow for proper channel estimation at the UE receiver.
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