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During RAN#92-e meeting, one new work item on LTE_terr_bcast_bands_part1 (New bands and bandwidth allocation for LTE based 5G terrestrial broadcast - part 1) was approved for Rel-17 [1]. One of the objectives of this WI is to specify the PMCH allocation of 6/7/8 MHz and corresponding MBSFN reference signals in RAN1. 
In this contribution, we provide our analysis on how to specify the PMCH allocation of 6/7/8 MHz and corresponding MBSFN reference signals.
Discussion
PMCH allocation of 6/7/8 MHz
In current LTE system, the bandwidth of PMCH is same as carrier bandwidth which can be one of {1.4, 3, 5, 10, 15, 20}MHz. As mentioned in the WID justification [1], the legacy allocated carrier bandwidth for global broadcast system is not compatible with these candidate LTE system bandwidth in some geographical areas. However in order to minimize the impacts of LTE spec especially given the quite late phase for LTE spec, PMCH allocation for 6/7/8 MHz should be specified based on current LTE framework and leverage the existing LTE physical layer design as much as possible. 
· System bandwidth
Firstly, to define new carrier bandwidth is not within the scope of this work item, which means current system bandwidth indicated by MIB shall be kept unchanged when PMCH allocation of 6/7/8 MHz is specified. Since there are three candidate system bandwidths which can be covered in 6/7/8 MHz bandwidth, cell acquisition is still workable with dl-Bandwidth-MBMS in MasterInformationBlock-MBMS set to n6, n15 or n25. In case of PBCH repetition in CAS configured, the valid indication value shall be n15 or n25.
Proposal 1: dl-Bandwidth-MBMS in MasterInformationBlock-MBMS can be set to n6 (1.4 MHz), n15 (3 MHz) or n25 (5 MHz) when PMCH allocation of 6/7/8 MHz is specified.
· PMCH allocation
After the reception of MIB, PDCCH monitoring and SIB reception shall be operated within system bandwidth, then PMCH allocation can be indicated in SIB. The following up question is how to specify the frequency allocation for system bandwidth and PMCH channel.
If the center frequency of system bandwidth is aligned with the center frequency of PMCH channel bandwidth, indicating the number of RBs used for PMCH is enough. If the center frequency of system bandwidth is unaligned with the center frequency of PMCH channel bandwidth, both the number of RBs for PMCH and the frequency offset should be indicated to determine the PMCH allocation.
As shown in Figure 1, if system bandwidth is 5MHz and PMCH channel bandwidth is 8MHz, and the center frequency of system bandwidth is aligned with the center frequency of PMCH channel bandwidth, PMCH allocation can be determined by only indicating the number of RBs used for PMCH, i.e. n40. Note the actual maximum PRB configuration for 8MHz should rely on RAN4 further study.
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Figure 1. Center frequency aligned
As shown in Figure 2, if system bandwidth is 5MHz and PMCH channel bandwidth is 8MHz, and the center frequency of system bandwidth is unaligned with the center frequency of PMCH channel bandwidth, PMCH allocation can be determined by indicating the number of RBs used for PMCH and the frequency offset from the center frequency of system bandwidth. 
Since new (dedicated) digital channel filters (e.g. 6/7/8 MHz filters) are not expected for the UE to avoid further complicating the UE design, reusing the existing requirements for 10 MHz as much as possible might be one candidate option. Therefore the PMCH bandwidth can be supported by one 10 MHz carrier and resource allocation for PMCH within 10 MHz can be also considered. Take Figure 2 as an example, the center frequency of 10MHz carrier is aligned with the center frequency of 5MHz system bandwidth. Then the frequency location of the whole 10MHz carrier is determined. Methods for resource allocation within 10MHz, e.g., SLIV, can also be used to indicate the PMCH bandwidth allocation.
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Figure 2. Center frequency unaligned
[bookmark: _GoBack]One of the benefits for unaligned frequency resource is that, more contiguous spectrum resource could be reserved for further enhancement in case of unaligned center frequency. As an example shown in Figure 3, in case of the center frequency unaligned between 5 MHz system bandwidth and 8 MHz PMCH channel bandwidth, 6 MHz spectrum resource can be reserved for further enhancement. Meanwhile, since up to 3 additional non-MBSFN subframes can be configured for an MBMS dedicated cell, there are up to 4 non-MBSFN subframes in one radio frame. The reserved contiguous spectrum resource seems more attractive if additional non-MBSFN subframes are configured.
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Figure 3. Reserved continuous frequency resource in unaligned center frequency case
Proposal 2: Regarding how to determine the frequency location of PMCH allocation bandwidth,
· If the center frequency of system bandwidth is aligned with PMCH allocation bandwidth, number of RBs for PMCH allocation bandwidth is indicated;
· If the center frequency of system bandwidth is NOT aligned with PMCH allocation bandwidth, number of RBs together with a RB offset or resource allocation (e.g., SLIV) within 10MHz for PMCH allocation bandwidth are indicated.

MBSFN reference signals
· Sequence generation

For the corresponding MBSFN reference signals, sequence generation is generated in the maximum bandwidth of =110 RBs regardless of system bandwidth. Therefore in case of PMCH allocation of 6/7/8 MHz, sequence generation can be kept not changed.
Observation 1: Sequence generation of the MBSFN reference signals can be reused for PMCH allocation of 6/7/8 MHz.
· MBSFN reference signals mapping







In current mapping of MBSFN reference signals, DL bandwidth of  is used to generated the actual length of MBSFN reference signals because PMCH bandwidth is same as . In case of PMCH allocation of 6/7/8 MHz, denote  = 30/35/40 RBs (the actual maximum PRB configuration for 8MHz should rely on RAN4 further study), at least  in the equation of mapping of MBSFN reference signals should be changed to . For example, SCS = 15KHz, PMCH channel bandwidth is larger than the system bandwidth, the changes in the mapping of MBSFN reference signals comprise  and .

If the center frequency of system bandwidth is unaligned with the center frequency of PMCH bandwidth, besides the changes above,  needs additional changes to select the actual frequency location from the generated sequence. This issue depends on the basic principle for the PMCH allocation and the corresponding details can be discussed later.


Proposal 3: At least  in the equation of mapping of MBSFN reference signals should be changed to .

Conclusion
In this contribution, the consideration on specify a PMCH allocation of 6/7/8 MHz and corresponding MBSFN reference signals from our side are provided with the following observation and proposals.
Proposal 1: dl-Bandwidth-MBMS in MasterInformationBlock-MBMS can be set to n6 (1.4 MHz), n15 (3 MHz) or n25 (5 MHz) when PMCH allocation of 6/7/8 MHz is specified.
Proposal 2: Regarding how to determine the frequency location of PMCH allocation bandwidth,
· If the center frequency of system bandwidth is aligned with PMCH allocation bandwidth, number of RBs for PMCH allocation bandwidth is indicated;
· If the center frequency of system bandwidth is NOT aligned with PMCH allocation bandwidth, number of RBs together with a RB offset or resource allocation (e.g., SLIV) within 10MHz for PMCH allocation bandwidth are indicated.
Observation 1: Sequence generation of the MBSFN reference signals can be reused for PMCH allocation of 6/7/8 MHz.


Proposal 3: At least  in the equation of mapping of MBSFN reference signals should be changed to .
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