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1 Introduction

Machine-type communication (MTC) UEs target low end applications that require low data rates. In Rel-12, the work item on “Low cost & enhanced coverage MTC UE for LTE” [1] was approved. One of the objectives is to specify a new low complexity UE type supporting the following capabilities:

· Single receive antenna

· Reduced peak rate (downlink and uplink maximum TBS of 1000 bits)

· Half duplex FDD operation (optional)

RAN1 agreed not to introduce resource allocation size restriction for the broadcast traffic, i.e. Transport Block Size (TBS) size for SI-RNTI, P-RNTI, and RA-RNTI is maximum 2216 bits, and not to specify PDSCH PRB restriction for the Rel-12 low complexity UEs. The TBS size for unicast traffic is restricted to 1000 bits as previously indicated. RAN2 has agreed to introduce a new UE category with the restricted maximum TBS and total layer2 buffer size related to TBS restriction. It has also been agreed that it is optional for a low complexity UE to support eMBMS. In this contribution we discuss whether a low complexity UE can support eMBMS, and if it does what transport block size a low complexity UE shall support for MBMS reception.
2 Discussion

Low complexity UEs with MBMS service capability can be considered feasible for scenarios where software updates are needed for a number of those UEs simultaneously. Application software and operating systems upgrades are usually released over the network to large numbers of subscribers at the same time. Upgrades can be distributed as packages to a multitude of devices via broadcast instead at little expense in terms of required resources.
MBMS service supports multicast/broadcast services in a cellular network. The content is transmitted to multiple users located in a speciﬁc area, i.e. MBMS service area, in a unidirectional fashion. Broadcast data is sent over synchronized single frequency network (SFN), which is a tightly synchronized technology with identical transmissions from multiple cells, using the same set of subframes and modulation and coding scheme used to distribute broadcast streams into well-defined areas. The service appears to the UE as a transmission from a single large cell over a time-dispersive channel to improve received signal quality and spectral efficiency. A single Transport Block (TB), which uses all the MBSFN resources in that subframe, is used per TTI for MCH transmission.

Broadcast and unicast radio channels coexist in the same cell and share the available capacity. The subset of available radio resources can temporarily be assigned to a broadcast radio channel. The resources allocated to the UE depend on the data rate required by the service, the radio channel quality, and overall traffic volumes within the cell. A request to join the multicast session has to be sent to become member of the corresponding MBMS service group. MBMS service uses the Multimedia Trafﬁc Channel (MTCH), which enables the point to multipoint distribution. There are two logical channels related to MBMS. The Multicast Traffic Channel (MTCH) carries data corresponding to a certain MBMS service. The Multicast Control Channel (MCCH) provides necessary control information to receive MBMS services, including subframe allocation and used Modulation Coding Scheme (MCS). One or several MTCH and eventually the MCCH are multiplexed at the Medium Access Control (MAC) onto a Multicast Channel (MCH), which is mapped to a Physical Multicast Channel (PMCH). In contrast to PDSCH which can be configured to span only a subset of the resource blocks, PMCH is transmitted on all resource blocks of an MBSFN subframe, i.e. on the “entire” system bandwidth.
RAN2 has agreed earlier that a low complexity UE may optionally support eMBMS. However it is still an open issue what TBS size, i.e. maximum number of bits of a MCH transport block received within a TTI, a low complexity UE shall support for MBMS reception. We have the following options: 
1. A low complexity UE shall support a TBS size for MBMS reception of 10296 if it supports eMBMS: This would mean that a low complexity UE shall support a TBS size similar to a Category 1 UE for MBMS reception. The HARQ buffer can still be designed with respect to the restriction on the unicast traffic, i.e. 1000 bits, since no HARQ process is required for MBMS reception, but the size of the turbo decoder would be similar to a category 1 UE in this case. Assuming that the network can choose the size of the MCH transport block received within a TTI accordingly, i.e. based on the number of low complexity UEs, the single receive antenna capability may not have a substantial impact on the performance of the MBMS service. However allowing a TBS size on the PMCH larger than on the PDSCH would be inconsistent with the current specification. In 36.302, the PMCH TBS is the same as PDSCH TBS regardless of HARQ.
Observation 1 In 36.302, the PMCH TBS is the same as PDSCH TBS, therefore allowing a TBS size on the PMCH larger than on the PDSCH would be inconsistent with the current specification.
2. A low complexity UE shall support a TBS size for MBMS reception of 2216 if it supports eMBMS: RAN1 agreed to have a transport block size of 2216 for broadcast channels. This can also be the TBS size for MBMS reception. However, a TBS of 2216 cannot be configured for 20 MHz according to table 7.1.7.2.1-1 in TS 36.213 [3]. Therefore low complexity UEs can only be supported in one of the following bands if TBS size for MBMS reception is 2216: 1.4, 3, 5, or 10 MHz. MTCH and MCCH are multiplexed at the Medium Access Control layer onto MCH and for MCCH four modulation coding schemes are allowed: MCS index 2, 7 (both QPSK), 13 (16QAM), 19 (64QAM). See table 1 for details.
Table 1. Transport block size (TBS) table for TBs not mapped to two-layer spatial multiplexing
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	6
	15
	25
	50
	100

	0
	2
	
	0
	152
	392
	680
	1384
	2792

	1
	2
	
	1
	208
	520
	904
	1800
	3624

	2
	2
	0.23
	2
	256
	648
	1096
	2216
	4584

	3
	2
	
	3
	328
	872
	1416
	2856
	5736

	4
	2
	
	4
	408
	1064
	1800
	3624
	7224

	5
	2
	
	5
	504
	1320
	2216
	4392
	8760

	6
	2
	
	6
	600
	1544
	2600
	5160
	10296

	7
	2
	0.6
	7
	712
	1800
	3112
	6200
	12216

	8
	2
	
	8
	808
	2088
	3496
	6968
	14112

	9
	2
	
	9
	936
	2344
	4008
	7992
	15840

	10
	4
	
	10
	1032
	2664
	4392
	8760
	17568

	11
	4
	
	11
	1192
	2984
	4968
	9912
	19848

	12
	4
	
	12
	1352
	3368
	5736
	11448
	22920

	13
	4
	0.56
	13
	1544
	3880
	6456
	12960
	25456

	14
	4
	
	14
	1736
	4264
	7224
	14112
	28336

	15
	4
	
	15
	1800
	4584
	7736
	15264
	30576

	16
	4
	
	16
	1928
	4968
	7992
	16416
	32856

	17
	6
	
	17
	2152
	5352
	9144
	18336
	36696

	18
	6
	
	18
	2344
	5992
	9912
	19848
	39232

	19
	6
	0.6
	19
	2600
	6456
	18336
	21384
	43816

	20
	6
	
	20
	2792
	6968
	19848
	22920
	46888

	21
	6
	
	21
	2984
	7480
	21384
	25456
	51024

	22
	6
	
	22
	3240
	7992
	22920
	27376
	55056

	23
	6
	
	23
	3496
	8504
	24496
	28336
	57336

	24
	6
	
	24
	3624
	9144
	26416
	30576
	61664

	25
	6
	
	25
	3752
	9528
	27376
	31704
	63776

	26
	6
	
	26
	4392
	11064
	31704
	36696
	75376


Observation 2 A transport block size of 2216 cannot be configured for 20 MHz according to table 7.1.7.2.1-1 in TS 36.213.
3. A low complexity UE shall support a TBS size for MBMS reception of 4584 if it supports eMBMS: If low complexity UEs should be able to receive the MBMS service including when the transmission bandwidth is 20MHz, a TBS of 4584 is required assuming that only 100 NPRB can be used in a 20 MHz band. Note that MTCH and MCCH are multiplexed at the Medium Access Control layer onto MCH and for MCCH four modulation coding schemes are allowed: MCS index 2, 7 (both QPSK), 13 (16QAM), 19 (64QAM). See table 1 for details.
Observation 3 A transport block size of 4584 is required if low complexity UEs should be able to receive the MBMS service on all transmission bands.
Based on the discussion above, we propose the following:
Proposal 1 A low complexity UE may optionally support eMBMS and if it supports eMBMS, it shall support a TBS size for MBMS reception of 2216.

Proposal 2 A low complexity UE that supports eMBMS, can receive the eMBMS service when the transmission bandwidth is 1.4, 3, 5, or 10 MHz.

3 Conclusion

In this contribution we discuss whether a low complexity UE can support eMBMS, and if it does what transport block size a low complexity UE shall support for MBMS reception. In section 2 we have the following observations:
Observation 1
In 36.302, the PMCH TBS is the same as PDSCH TBS, therefore allowing a TBS size on the PMCH larger than on the PDSCH would be inconsistent with the current specification.
Observation 2
A transport block size of 2216 cannot be configured for 20 MHz according to table 7.1.7.2.1-1 in TS 36.213.
Observation 3
A transport block size of 4584 is required if low complexity UEs should be able to receive the MBMS service on all transmission bands.


Based on the discussion above we propose the following:

Proposal 1
A low complexity UE may optionally support eMBMS and if it supports eMBMS, it shall support a TBS size for MBMS reception of 2216.
Proposal 2
A low complexity UE that supports eMBMS, can receive the eMBMS service when the transmission bandwidth is 1.4, 3, 5, or 10 MHz.
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