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1. Introduction
In RAN#71 a new work item (WI) named eMBMS enhancement for LTE [1] was introduced. The objectives of the WI include the support of longer CP, additional MBSFN subframes, and study standalone carrier. In RAN1#86b the following agreements and working assumptions were reached:

Agreements:
For synchronization and acquisition of system information on FeMBMS carrier: 
· For <100% MBSFN subframes the legacy sync and SI acquisition procedures are reused based on subframe #0 and #5 

Working Assumption: 
For synchronization and acquisition of system information on FeMBMS carrier: 
· For 100% MBSFN subframe allocation FeMBMS carrier transmits a periodic subframe, CAS Cell Acquisition Subframe 
· To be confirmed or revisited at RAN1#87, including:
· CAS performance (including synchronization performance and link level performance of PDCCH and PDSCH), and capacity analysis, based on the definitions below should be evaluated to the next meeting; details of SI transmission in different system bandwidths should also be provided. 
· Consideration of FDM as an additional mode of operation if all the details (i.e. design, guard band size, specification impact, UE implementation impact analysis) and evaluations showing clear performance benefit (considering the performance targets) are presented at the next meeting
· CAS supports PSS, SSS, CRS, PBCH, PDCCH, PDSCH (SI)
· CAS is always transmitted  in subframe #0  with a period of 40ms
· MIB is provided by PBCH in every CAS
· The MIB transmitted in SFN mod 4 = 0 and can change only in SFN mod 16 = 0 and contains systemFrameNumber equal to the 6 most significant bits of the SFN
· SI is provided by PDSCH in CAS 
· A first SI that may also contains scheduling of further SI is transmitted in SFN mod 8 = 0  and can change only in SFN mod 16 = 0 
· This first SI may be a combination of SIBs, up to RAN2 agreements.
· MCCH change notification and SI modification notification are sent in PDCCH region of the CAS.
· FFS if from RAN1 perspective, it is feasible to transmit muiltiple SI messages in the same subframe by using different RNTIs. RAN2 may consider if this may be used.
· Inform RAN2 that SI modification notification can be conveyed to the UE with Direct Indication signalling.
· FFS enhancements on DCI to indicate larger allocation 

In this document we provide our views on the initial acquisition for 100% MBSFN case, and provide evaluation results for the CAS in different scenarios. We also explain our views on the support of multiple bandwidth values, and the complexity impact of supporting an FDM based approach between different numerologies.
2. Evaluation results for CAS
We evaluated the performance of reception of PSS/SSS/SIB in a single subframe (i.e., without combining). The evaluation assumptions are as follows:
· Resource allocation: 94 RB for 100MHz, 44 RB for 10MHz, 18 RB for 5MHz.
· EPA channel
· UE speed: 3km/h
· Carrier frequency: 700MHz
· Results based on decoding PDSCH
· Two receive antennas
For PSS/SSS, we simulated the performance of combining different PSS/SSS in different CAS. The results are shown in Figure 1. We observe a delay of ~80ms for 90% acquisition time of PSS/SSS.
[image: ]
[bookmark: _Ref465937743]Figure 1 Probability of PSS/SSS detection combining multiple subframes for –5dB SNR. The delay is <Bundle size> x 40ms

Observation 1: For PSS/SSS, the performance is similar as with legacy acquisition if we allow for a ~8x increase in delay (90% acquisition time of 80ms for -5dB SNR) due to lower periodicity of PSS/SSS.
Note that this increase in cell acquisition time is acceptable for broadcast reception using MBMS, since the delay in detecting a neighbor cell (e.g. for a mobile UE) does not interrupt the communication, as the SFN transmission can be received even in the case of not detecting the neighbor cell.
Observation 2: The delay in cell search is not critical due to SFN transmission.
The results for SIB reception are shown in Table 1. For the SIB size assumed in RAN2 email discussion (~1000 bits) the 1% BLER for single CAS transmission are (-5.4, -2.6 and 0.5dB) for 20, 10 and 5MHz. With the proposed scheme of CAS, the UE can actually combine 2 transmissions of PDSCH, which will increase the performance by ~3dB.
If we look at the 10% BLER points for the 1000 bits case, the SNR values would be (-7.1, -4.7 and -1.5dB). Note that this simulation assumes that SIB1/2/13 are transmitted in a single PDSCH. If more coverage is desired, different SI messages may be transmitted in additional non-MBSFN subframes. For example, SIB1 may be transmitted in a first subframe (e.g. using 400 bits), and the remaining SIBs may use additional non-MBSFN subframes.
Observation 3: For 1000 bit payload and single subframe CAS (no combining, single subframe channel estimation), the 1% decoding SNR is (-5.4, -2.6 and 0.5dB) for (20, 10 and 5MHz). The 10% decoding SNR is (-7.1, -4.7 and -1.5dB). Additional ~3dB gain will be achieved by combining across two different subframes. 

Table 1 SNR required for 1% BLER for PDSCH using CAS
	Payload in Bits
	20MHz
	10MHz
	5MHz

	100
	-9.5
	-7.8
	-5.5

	200
	-8.7
	-6.6
	-4.3

	300
	-8.1
	-5.7
	-3.2

	400
	-7.6
	-5.0
	-2.6

	600
	-6.6
	-3.9
	-1.2

	800
	-6.0
	-3.3
	-0.5

	1000
	-5.4
	-2.6
	0.5

	1200
	-4.9
	-1.8
	1.1

	1400
	-4.2
	-1.1
	1.6

	1600
	-3.8
	-0.8
	2.0

	1800
	-3.2
	-0.5
	2.6




3. Support of multiple bandwidth values
From the previous section we can see that it is feasible to receive 1000 bit SIB in reasonably low SNR values for 5MHz or more. The cases of 3MHz and 1.4MHz  may need to be treated separately:
· For 1.4MHz case it will be very challenging to fit all the information in one subframe, since it will likely be filled by PSS/SSS/PBCH. For this case, we can move to the mixed traffic case, and transmit SIB1 in subframe 5 (similar to legacy TDD UL/DL cfg 0).
· For 3MHz the first SIB may contain a smaller payload, and subsequent SIBs may use additional subframes. In case SIB2 contains the MBSFN subframe list, the UE assumes that the subframe carrying SIB2 is non-MBSFN subframe (similar mechanism as eMTC). Alternatively, the 3MHz cell can also be configured as a mixed carrier to further increase the capacity of transmitting SI, if necessary.
In view of this, all bandwidth values may be supported for a dedicated eMBMS cell. In the case of 1.4MHz, the dedicated eMBMS cell follows the structure of a mixed cell.

Observation 4: All bandwidth values can be supported for dedicated eMBMS cells. For 3MHz or less bandwidth, the following modifications may be needed:
· 1.4MHz: Follow mixed cell case (subframes 0 and 5 are non-MBSFN subframes).
· 3MHz: Additional non-MBSFN subframes (apart from CAS) may be needed, or mixed cell case can be followed.

4. Impact of FDM of multiple numerologies
An alternative approach to CAS is to keep legacy cell acquisition (subframes 0/5) in the center of the carrier (e.g. PSS/SSS/PBCH) while at the same time transmitting PMCH outside the center. This would imply multiplexing two different numerologies in the downlink, which can create a set of problems:
· Specification/implementation effort: This would be the first case in which different numerologies are multiplexed in LTE DL. The timeline/architecture of UEs may not be prepared to handle this scenario.
· Complexity: The UE receiver would need to perform two different DFTs at the same time (one for the PMCH numerology and another one for the 15kHz numerology) and process the output. This means that the UE has to have at least two DFT engines running in parallel to decode both numerologies. This complexity (in terms of DFT processing) can be compared with the case of 2 carrier aggregation.
· Performance: FDM between PMCH and NCP numerology will affect the PMCH performance. Note that PMCH should operate in high SNR regime (e.g. ~16dB SNR) to achieve 2bps/Hz spectral efficiency target. For example, FDM of different numerologies will create interference among them, which should be studied. Additionally, the channel estimation for PMCH will be degraded due to having 4 edges instead of 2.
· Overhead: The proponents of FDM argue that the overhead with this approach is smaller than that of CAS. However, as shown in Table 2, this is only true for bandwidth values greater than 10MHz, assuming 6PRB + 2/3 guard PRBs (1 PRB of guard for each side, + 0.5 PRB in case of even number of PRBs). Even for the case of 15MHz, the overhead reduction is negligible (0.1%).
[bookmark: _Ref465945796]Table 2 Overhead under CAS and FDM approaches
	
	20MHz
	15MHz
	10MHz
	5MHz

	CAS
	2.5%
	2.5%
	2.5%
	2.5%

	FDM
	1.6% (8PRB out of 500)
	2.4% (9PRB out of 375)
	3.2% (8PRB out of 250)
	7.2% (9PRB out of 125)



In view of these problems, we make the following observation and proposal:
Observation 5: FDM of PMCH and 15kHz numerology has the following drawbacks:
· Specification/implementation effort: this is the first case in which different numerologies are FDM in the LTE DL.
· Complexity: Need to run 2 DFTs simultaneously due to the two different numerologies.
· Performance: The presence of different numerologies will affect (1) leakage and (2) channel estimation due to edge effects.
· Overhead: The reduction in overhead is only significant for 20MHz carriers. For 10MHz and below it has more overhead than CAS.
Proposal 1: Confirm the working assumption, and adopt CAS as the solution for MBSFN dedicated carrier.

5. Conclusion and proposals
Observation 1: For PSS/SSS, the performance is similar as with legacy acquisition if we allow for a ~8x increase in delay (90% acquisition time of 80ms for -5dB SNR) due to lower periodicity of PSS/SSS.
Observation 2: The delay in cell search is not critical due to SFN transmission.
Observation 3: For 1000 bit payload and single subframe CAS (no combining, single subframe channel estimation), the 1% decoding SNR is (-5.4, -2.6 and 0.5dB) for (20, 10 and 5MHz). The 10% decoding SNR is (-7.1, -4.7 and -1.5dB). Additional ~3dB gain will be achieved by combining across two different subframes. 
Observation 4: All bandwidth values can be supported for dedicated eMBMS cells. For 3MHz or less bandwidth, the following modifications may be needed:
· 1.4MHz: Follow mixed cell case (subframes 0 and 5 are non-MBSFN subframes).
· 3MHz: Additional non-MBSFN subframes (apart from CAS) may be needed, or mixed cell case can be followed.
Observation 5: FDM of PMCH and 15kHz numerology has the following drawbacks:
· Specification/implementation effort: this is the first case in which different numerologies are FDM in the LTE DL.
· Complexity: Need to run 2 DFTs simultaneously due to the two different numerologies.
· Performance: The presence of different numerologies will affect (1) leakage and (2) channel estimation due to edge effects.
· Overhead: The reduction in overhead is only significant for 20MHz carriers. For 10MHz and below it has more overhead than CAS.
Proposal 1: Adopt CAS as the solution for MBSFN dedicated carrier.


6. Appendix: Simulation results for SIB transmission in CAS
6.1. 20MHz (94RBs)

6.2. [image: ]10MHz (44RBs)
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6.3. 5MHz (18RBs)
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