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1 Background
Current 5G broadcast based on LTE supports the same system bandwidths as LTE unicast: 1.4, 3, 5, 10, 15 and 20MHz. In some geographical areas, however, the bandwidth channelization for broadcast is not compatible with these bandwidth values. 

As an example, according to EBU TR054 [1], “HPHT transmissions require careful coordination between countries, particularly in the border areas between one country and another. The use of broadcasting Bands V/V, in ITU Region 1, are subject to the Geneva 06 (GE06) Agreement [2]. This agreement provides a framework to manage the rights to use the UHF Bands, which are subdivided into 8 MHz UHF channels, in associated countries. All transmissions in the 470 - 694 MHz band must conform to the framework of GE06 which ensures compatibility between services”.

For ITU Region 2, an international agreement provides for a unified television band plan using 6-MHz channels for both VHF and UHF bands. For ITU Region 3, different countries use different channel bandwidths among 6, 7 and 8MHz. For example, India currently uses channel bandwidth of 7, 8MHz in VHF and UHF bands [3], and China adopts 8MHz channel.

In summary, worldwide territories require either 6, 7 or 8 MHz for services to be operated in the UHF band.

In this contribution we present a framework to support these channel bandwidths with minimal changes in the air interface.

2 Proposed framework
The proposed framework relies on modifying the bandwidth allocation for PMCH to allocate a larger number of PRBs than that indicated by the system bandwidth.
In current TS 36.213, the resource allocation for PMCH is described as follows:
[bookmark: _Toc415085533]11.1	UE procedure for receiving the PMCH
[…]
The UE shall then follow the procedure in Subclause 7.1.7.2.1 to determine the transport block size, assuming [image: ]is equal to[image: ].







We propose to add a configuration parameter to determine the number of resource blocks to be received for PMCH. We propose the following procedure:
· The UE operates in a cell that indicates a system bandwidth of 5 MHz (i.e,  )
· The UE is configured with a PMCH bandwidth that is larger than this system bandwidth. We propose to support at least the following values:
· 8MHz: 
· 7MHz: 
· 6MHz: 
· The PMCH is received assuming the bandwidth is .
Proposal 1: Allow configuring PMCH bandwidth larger than the system bandwidth indicated by MIB. The following PMCH bandwidth values are supported for  :
· 8MHz: 
· 7MHz: 
· 6MHz: 

The details of this method are shown in Figure 1:
· Step 1: MIB is unchanged, it indicates 25PRB (5MHz).
· Step 2: PDCCH is monitored in CAS assuming 25 PRB bandwidth.
· Step 3: SIB is received assuming 25 PRB bandwidth. Within SIB, there is an indication (per MBSFN area) of the bandwidth of PMCH)
· Step 4: The UE receives PMCH based on the larger system bandwidth.



Figure 1 MIB vs PMCH bandwidth.

In the following sections, we present the text proposals to implement these changes:
· Section 3 includes the TP for 36.213.
· Section 4 includes the TP for 36.331.
The corresponding CRs are provided in [4] and [5].
Proposal 2: Approve CRs to TS 36.213 and TS 36.331 provided in [4] and [5] for Rel-16.


3 Changes to TS 36.213 

====================== Text proposal (TS 36.213) ====================
11.1	UE procedure for receiving the PMCH



A UE is not expected to receive PMCH with  (defined in [3]) other than  in an MBSFN subframe with non-zero-size non-MBSFN region.

A UE is not expected to receive PMCH with in an MBSFN subframe with zero-size non-MBSFN region.
If a UE is configured with higher layer parameter pmch-Bandwidth, for PMCH reception purposes the UE shall assume a system bandwidth of  given by the higher layer parameter. Otherwise, the UE shall assume a system bandwidth as indicated in MasterInformationBlock.
The UE shall decode the PMCH when configured by higher layers. The UE may assume that an eNB transmission on the PMCH is performed according to Subclause 6.5 of [3].
The[image: ] for the PMCH is configured by higher layers. To determine the modulation order ([image: ]) and TBS index ([image: ]) used in the PMCH the UE shall
-	if the UE is configured by higher layers to decode the PMCH based on QPSK, 16QAM, 64QAM, and 256QAM

-	if the PMCH is with and the UE is configured with higher layer parameter timeSeperation with value '4'
-	use [image: ]and Table 11.1-2 for determining the modulation order ([image: ]) and TBS index ([image: ])
-	otherwise,
-	use[image: ]and Table 7.1.7.1-1A for determining the modulation order ([image: ]) and TBS index ([image: ])
-	otherwise,

-	if the PMCH is with and the UE is configured with higher layer parameter timeSeperation with value '4'
-	use [image: ]and Table 11.1-1 for determining the modulation order ([image: ]) and TBS index ([image: ])
-	otherwise,
-	use[image: ] and Table 7.1.7.1-1 for determining the modulation order ([image: ]) and TBS index ([image: ]). 


The UE shall then follow the procedure in Subclause 7.1.7.2.1 to determine the transport block size, assuming [image: ]is equal to[image: ]. For PMCH with  the UE shall scale the derived transport block size by , then round to the closest valid transport block size in the union of Table 7.1.7.2.1-1 and Table 7.1.7.2.4-1 by including, in the rounding procedure, only the TBS entries in Table 7.1.7.2.1-1 with  and the entries in 7.1.7.2.4-1 for which the TBS_L1 is present in Table 7.1.7.2.1-1 with  if the UE is configured by higher layers to decode the PMCH based on QPSK, 16QAM, 64QAM, and 256QAM; and only the TBS entries in Table 7.1.7.2.1-1 with  and the entries in 7.1.7.2.4-1 for which the TBS_L1 is present in Table 7.1.7.2.1-1 with  otherwise. In case the scaled TBS has the same distance to two valid transport block sizes, it is rounded to the larger transport block size. The UE shall set the redundancy version to 0 for the PMCH.
<Unchanged parts are omitted>
====================== End text proposal (/TS 36.213) ====================



4 Changes to TS 36.331
We propose to introduce this bandwidth value per MBSFN area as per the following text proposal. 
====================== Text proposal (TS 36.331) ====================

MBSFN-AreaInfoList information element
-- ASN1START

MBSFN-AreaInfoList-r9 ::=			SEQUENCE (SIZE(1..maxMBSFN-Area)) OF MBSFN-AreaInfo-r9

MBSFN-AreaInfo-r9 ::=				SEQUENCE {
	mbsfn-AreaId-r9						MBSFN-AreaId-r12,
	non-MBSFNregionLength				ENUMERATED {s1, s2},
	notificationIndicator-r9			INTEGER (0..7),
	mcch-Config-r9						SEQUENCE {
		mcch-RepetitionPeriod-r9		ENUMERATED {rf32, rf64, rf128, rf256},
		mcch-Offset-r9					INTEGER (0..10),
		mcch-ModificationPeriod-r9		ENUMERATED {rf512, rf1024},
		sf-AllocInfo-r9					BIT STRING (SIZE(6)),
		signallingMCS-r9				ENUMERATED {n2, n7, n13, n19}
	},
	...,
	[[	mcch-Config-r14				SEQUENCE {
			mcch-RepetitionPeriod-v1430		ENUMERATED {rf1, rf2, rf4, rf8,
										rf16 }		OPTIONAL,	-- Need OR
			mcch-ModificationPeriod-v1430	ENUMERATED {rf1, rf2, rf4, rf8, rf16, rf32, rf64, rf128,
											rf256, spare7}					OPTIONAL	-- Need OR
		}																	OPTIONAL,	-- Need OR
		subcarrierSpacingMBMS-r14		ENUMERATED {kHz7dot5, kHz1dot25}	OPTIONAL	-- Need OR
	]]
}

MBSFN-AreaInfoList-r16 ::=		SEQUENCE (SIZE(1..maxMBSFN-Area)) OF MBSFN-AreaInfo-r16

MBSFN-AreaInfo-r16 ::=				SEQUENCE {
	mbsfn-AreaId-r16					MBSFN-AreaId-r12,
	notificationIndicator-r16			INTEGER (0..7),
	mcch-Config-r16						SEQUENCE {
		mcch-RepetitionPeriod-r16			ENUMERATED {rf1, rf2, rf4, rf8, rf16, rf32, rf64,
														rf128, rf256, spare7, spare6, spare5,
														spare4, spare3, spare2, spare1},
		mcch-ModificationPeriod-r16			ENUMERATED {rf1, rf2, rf4, rf8, rf16, rf32, rf64, rf128,
														rf256, rf512, rf1024, spare5, spare4,
														spare3,spare2, spare1},
		mcch-Offset-r16					INTEGER (0..10),
		sf-AllocInfo-r16				BIT STRING (SIZE(10)),
		signallingMCS-r16				ENUMERATED {n2, n7, n13, n19}
	},
	subcarrierSpacingMBMS-r16		ENUMERATED {kHz7dot5, kHz2dot5, kHz1dot25, kHz0dot37,
										spare4, spare3, spare2, spare1},
	timeSeparation-r16				ENUMERATED {sl2, sl4} OPTIONAL,	-- Need OR
	...,
	[[	pmch-Bandwidth-v16xy			ENUMERATED {n30, n35, n40, spare1} OPTIONAL –- Need OR
	]]
}

-- ASN1STOP

	MBSFN-AreaInfoList field descriptions

	mcch-ModificationPeriod
Defines periodically appearing boundaries, i.e. radio frames for which SFN mod mcch-ModificationPeriod = 0. The contents of different transmissions of MCCH information can only be different if there is at least one such boundary in-between them. In case mcch-ModificationPeriod-v1430 is configured, the UE shall ignore the mcch-ModificationPeriod-r9.

	mcch-Offset
Indicates, together with the mcch-RepetitionPeriod, the radio frames in which MCCH is scheduled i.e. MCCH is scheduled in radio frames for which: SFN mod mcch-RepetitionPeriod = mcch-Offset.

	mcch-RepetitionPeriod
Defines the interval between transmissions of MCCH information, in radio frames, Value rf32 corresponds to 32 radio frames, rf64 corresponds to 64 radio frames and so on. In case mcch-RepetitionPeriod-v1430 is configured, the UE shall ignore the mcch-RepetitionPeriod-r9.

	non-MBSFNregionLength
Indicates how many symbols from the beginning of the subframe constitute the non-MBSFN region. This value applies in all subframes of the MBSFN area used for PMCH transmissions as indicated in the MSI. The values s1 and s2 correspond with 1 and 2 symbols, respectively: see TS 36.211 [21], Table 6.7-1.

	notificationIndicator
Indicates which PDCCH bit is used to notify the UE about change of the MCCH applicable for this MBSFN area. Value 0 corresponds with the least significant bit as defined in TS 36.212 [22], clause 5.3.3.1 and so on.

	pmch-Bandwidth
Indicates the bandwidth, in unit of resource blocks, to be used for PMCH reception associated with the MBSFN area, as defined in TS 36.213 [23], clause 11.1. n30 corresponds to 30 resource blocks, n35 to 35 resource blocks, and so on. E-UTRAN includes this field only when the cell is a MBMS-dedicated cell and dl-Bandwidth-MBMS (in MasterInformationBlock-MBMS) is set to n25.

	sf-AllocInfo-r9
Indicates the subframes of the radio frames indicated by the mcch-RepetitionPeriod and the mcch-Offset, that may carry MCCH. Value "1" indicates that the corresponding subframe is allocated. If the bitmap is set to all zeros, the corresponding MBSFN area is considered as not configured.
The following mapping applies:
FDD: The first/ leftmost bit defines the allocation for subframe #1 of the radio frame indicated by mcch-RepetitionPeriod and mcch-Offset, the second bit for #2, the third bit for #3, the fourth bit for #6, the fifth bit for #7 and the sixth bit for #8.
TDD: The first/leftmost bit defines the allocation for subframe #3 of the radio frame indicated by mcch-RepetitionPeriod and mcch-Offset, the second bit for #4, third bit for #7, fourth bit for #8, fifth bit for #9. Uplink subframes are not allocated. The last bit is not used.

	sf-AllocInfo-r16
Indicates the subframes of the radio frames indicated by the mcch-RepetitionPeriod and the mcch-Offset, that may carry MCCH. Value "1" indicates that the corresponding subframe is allocated. The first/ leftmost bit defines the allocation for subframe #0 of the radio frame indicated by mcch-RepetitionPeriod and mcch-Offset, the second bit for #1 and so on. When subcarrierSpacingMBMS indicates 0.37 kHz subcarrier spacing, a valid MBMS slot can carry MCCH if any subframe corresponding to the slot is configured to carry MCCH.

	signallingMCS

Indicates the MCS applicable for the subframes indicated by the field sf-AllocInfo and for each (P)MCH that is configured for this MBSFN area, for the first subframe allocated to the (P)MCH within each MCH scheduling period (which may contain the MCH scheduling information provided by MAC). Value n2 corresponds with the value 2 for parameter in TS 36.213 [23], Table 7.1.7.1-1, and so on.

	subcarrierSpacingMBMS
The value indicates subcarrier spacing for MBSFN subframes, kHz7dot5 refers to 7.5 kHz subcarrier spacing, kHz2dot5 refers to 2.5 kHz subcarrier spacing and so on as defined in TS 36.211 [21], clause 6.12. These subframes do not have non-MBSFN region. If subcarrierSpacingMBMS-r14 is present, then non-MBSFNregionLength shall be ignored. EUTRAN configures parameter subcarrierSpacingMBMS only when the MBSFN subframes have subcarrier spacing other than 15 kHz. If subcarrierSpacingMBMS indicates 0.37 kHz subcarrier spacing, the slot as defined in TS 36.211 [21], clause 4.1 is valid only when all the corresponding subframes are configured as MBSFN subframes in this slot.

	timeSeparation
Indicates the staggering length for MBSFN-RS associated with PMCH as defined in TS 36.211 [21], clause 6.10.2.2.4. Value sl2 refers to staggering length of 2 slots (MBSFN reference signal pattern type 2) and sl4 refers to staggering length of 4 slots (MBSFN reference signal pattern type 1). E-UTRAN always configures this field when subcarrierSpacingMBMS indicates 0.37 kHz subcarrier spacing. Othewise the field is not configured.



====================== End text proposal (TS 36.331) ====================

5 Summary of proposals
In this contribution we presented the problem of defining new system bandwidths for MBMS operation. We made the following proposals
Proposal 1: Allow configuring PMCH bandwidth larger than the system bandwidth indicated by MIB. The following PMCH bandwidth values are supported for  :
· 8MHz: 
· 7MHz: 
· 6MHz: 

Proposal 2: Approve CRs to TS 36.213 and TS 36.331 provided in [4] and [5] for Rel-16.
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