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1 Introduction

At RAN#72 meeting, the WI of eMBMS enhancement for LTE was updated in [1]. One of the objectives is to 
· Specify means of using subframes 0, 4, 5, 9 (FS1) and 0, 1, 5, 6 (FS2) for MBSFN. 

· The non-MBSFN subframes for unicast can only be used as Scell
At RAN1 86 bis meeting, some agreements and working assumptions were reached as following:
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 

For the carrier with 100% MBSFN subframe allocation, two mechanisms for initial access are considered as working assumption:

· 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.
In this contribution, design of FDM is discussed. 
2 Design of FDM
As discussed in RAN1#86b, FDM based design for synchronization and SI acquisition is an option for carrier with 100% MBSFN subframe configuration. Some FDM based designs have been introduced in our contribution [2]. More design details will be introduced in this section.
2.1 Initial access
There will be two FeMBMS carrier types, i.e. the carrier with 100% and less than 100% MBSFN subframe allocation. For the carrier with less than 100% MBSFN subframe allocation, it’s agreed that at least subframe 0 and 5 are configured as non-MBSFN subframes, and the bandwidth used for unicast transmission is equal to system bandwidth. When more subframes are configured as MBSFN subframes, a single design should be considered as principle to enable the flexible configuration of resource between unicast and broadcast regardless of whether the MBSFN subframes allocation is 100% or not. In order to enable 100% MBSFN subframes allocation and reuse the legacy sync and SI acquisition as much as possible, FDM between non-PMCH (occupying a number of PRBs in the centre of the system bandwidth) and PMCH resources is considered for subframes 0 and 5. One implication of such a design is that the bandwidth available for PDCCH/PDSCH transmission in subframes 0 and 5 is less than system bandwidth. Therefore, the UE needs to obtain the bandwidth for PDCCH/PDSCH transmission for SI acquisition after initial access. And there are at least two options to as following:
Option 1: Indicate the system bandwidth in MIB

Option 2: Indicate the system bandwidth in SIB
For option 1, since the UE will begin the blind detection of PDCCH within system bandwidth after MIB decoding, one possibility to indicate the carrier type (i.e. whether FDM is used or not) is by a reserved bit in MIB. Then both the system bandwidth and the bandwidth for unicast transmission are obtained after MIB decoding.  
For option 2, in order to avoid changing any payload in MIB or impacting the blind detection of PDCCH, the 3 bits for system bandwidth in MIB is used to indicate the bandwidth for unicast transmission when FDM between PMCH and non-PMCH is adopted. And the system bandwidth will be obtained after SIB decoding so that the decoding of PMCH would also not be impacted. 
According to the above analysis, both options have the benefits of keeping a single design of synchronization and SI acquisition regardless of whether the MBSFN subframes allocation  of carrier is 100% or less than 100%. However, the option 2 is more preferred due to that no change of the payload in MIB is required.
Proposal 1: The legacy 3 bits for system bandwidth in MIB is used to indicate the bandwidth for unicast transmission in case of FDM, and the system bandwidth is indicated in SIB instead.
2.2 Guard band

For MBSFN transmission, it has been agreed that two numerologies will be supported. When the same numerology is used for both non-PMCH transmission and PMCH transmission, there is no need to define guard band. Otherwise a guard band may be needed between non-PMCH and PMCH resources. Since the numerology of the non-PMCH resources can be detected via legacy synchronization procedure, and the numerology of the PMCH resource can be obtained from MBSFN configurations carried in SIBs, the existence of the guard band can be implicitly derived and does not need to be signalled in MIB/SIBs.
There are two numerologies for the uplink transmission in LTE, 1.25 kHz for PRACH and 15kHz for PUSCH. The size of guard band is 15 kHz (12*1.25 kHz) or 16.25kHz (13*1.25 kHz) in this scenario as shown in Fig.1.
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Figure 1. Multiplexing of PRACH and PUSCH
In the discussion of NB-IoT, it has been shown that the interference of a NB-IoT downlink transmission with 3.75 kHz subcarrier spacing to LTE downlink is negligible, and vice versa, with a guard band of 100 kHz.  The evaluation results can be found in [3].
The performance of center 6 RBs with interference from PMCH and PMCH with interference from center 6 RBs are evaluated in [4]. From the simulation results, we can see that there will be 0.17~0.3 dB performance loss when the guard band is 180 kHz. 
To conclude, guard band with 180 kHz is sufficient for the scenario of frequency division multiplexing of center 6 RBs and PMCH with different numerologies.
Proposal 2: The size of guard band is one PRB. One guard band is located at each side of the center 6 PRBs.
2.3 Resources for synchronization and SI acquisition
There are three options for the size of resources for synchronization and SI acquisition with frequency domain multiplexing:
· Option 1: The center 6 PRBs are reserved in subframes 0, 5.

· Option 2: The center n PRBs are reserved in subframes 0, 5, the value of n is constant.

· Option 3: The center n PRBs are reserved in subframes 0, 5, the value of n is variable.

Option 1 has the advantage of maximizing resource utilization for MBSFN transmission, reusing the legacy SI acquisition procedure, and minimizing the specification impact. Hence it is proposed to adopt option 1. SI acquisition is the same as legacy LTE with 1.4 MHz system bandwidth except that only subframes 0 and 5 can be used for SI transmission. PDCCH is transmitted only in the center 6 PRBs in subframes 0 and 5, regardless of the numerology chosen for PMCH.
Proposal 3: The center 6 PRBs in subframes 0 and 5 are used for synchronization and SI acquisition.
3  Conclusions
In this contribution, design of FDM is discussed and the following proposals are made:
Proposal 1: The legacy 3 bits for system bandwidth in MIB is used to indicate the bandwidth for unicast transmission in case of FDM, and the system bandwidth is indicated in SIB instead.
Proposal 2: The size of guard band is one PRB. One guard band is located at each side of the center 6 PRBs.

Proposal 3: The center 6 PRBs in subframes 0 and 5 are used for synchronization and SI acquisition.

References

[1] RP-161297, “updated WID eMBMS enhancements for LTE”, Ericsson, Busan, Korea, June 13-16, 2016. 
[2] R1-1609348, “Considerations on increased number of MBSFN subframes”, Huawei, HiSilicon, Lisbon, Portugal, Oct 10-14, 2016. 
[3] R1-157741, “Summary of NB-IoT evaluation results”, Huawei, HiSilicon, RAN1#83, Anaheim, USA, November 2015.
[4] R1-1612826, “Evaluation of FDM for carrier with 100% MBSFN subframe allocation”, Huawei, HiSilicon, Reno, USA, Nov 14-18, 2016.
_1539779042.vsd
Text


1.25kHz


15kHz


PRACH 6PRB


13*1.25kHz


12*1.25kHz


PUSCH


PUSCH



