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1 Introduction
Machine-type communications (MTC) is expected to grow exponentially in the near future. MTC UEs have so far been targeting low end applications for which low data rates are required and low average revenue per user is expected. These applications can be utilized over the GSM/GPRS radio interface and considering the low cost of these devices there may not be enough motivation for MTC UE suppliers to provide modules supporting the LTE radio interface. As more MTC UEs are deployed, operators would need to rely on the GSM/GPRS radio interface which would require operators to maintain multiple radio access technologies. This would prevent operators to utilize their spectrums efficiently considering the relatively less optimal spectrum efficiency of some radio access technologies such as GSM/GPRS networks. Therefore, it is necessary to provide the necessary tools for the MTC UE vendors to be able to migrate the low-end MTC UEs from GSM/GPRS networks to LTE networks.
The work item on “Low cost & enhanced coverage MTC UE for LTE” [1] was approved for Rel-12 in RAN1. One of the objectives of the work item is to specify a new low cost/complexity UE type supporting the following capabilities:

· Single receive antenna
· Downlink and uplink maximum TBS of 1000 bits
· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband

In this contribution we discuss the transport block size and the impact of its limitation to 1000 bits on the system information broadcast and downlink reception.
2 Discussion
2.1 Transport block size and maximum SIB size
System information is repeatedly broadcasted by the network since it needs to be acquired by the UEs in order for them to be able to access and, in general, operate properly within the network in a specific cell. It includes information about the downlink and uplink cell bandwidths, the uplink/downlink configuration in the case of TDD, detailed parameters related to random-access transmission and uplink power control etc. In LTE, system information is delivered by the following two mechanisms which rely on separate transport channels:

· Master Information Block (MIB); transmitted using the BCH

· System Information Blocks (SIBs); transmitted using the downlink shared channel (DL-SCH)

Note that both the MIB and the SIBs correspond to the BCCH logical channel. MIB consists of a very limited amount of system information which is mainly what is absolutely needed for a UE to be able to read the remaining system information. MIB uses a fixed schedule with a periodicity of 40 msec and repetitions made within 40 msec. The first transmission of the MIB is scheduled in subframe #0 of radio frames for which the SFN mod 4 = 0, and repetitions are scheduled in subframe #0 of all other radio frames. MIB consist of dl-Bandwidth (3bits) + phich-Config (3bits) + systemFrameNumber (8bits) + spare (10bits) = 24 bits (see below).
MasterInformationBlock
-- ASN1START

MasterInformationBlock ::=


SEQUENCE {


dl-Bandwidth





ENUMERATED {












n6, n15, n25, n50, n75, n100},


phich-Config





PHICH-Config,


systemFrameNumber




BIT STRING (SIZE (8)),


spare







BIT STRING (SIZE (10))

}

-- ASN1STOP

In LTE, there are a number of different System-Information Blocks (SIBs) characterized by the type of information that is included within them, such as SIB1 which includes information mainly related to whether a UE is allowed to camp on the cell, the allocation of subframes to uplink/downlink, and information about the time-domain scheduling of the remaining SIBs, or SIB2, which includes information that UEs need to be able to access the cell. The main part of the system information is included in different (SIBs) transmitted over the DL-SCH. Not all the SIBs need to be present all the time and similar to the MIB, SIBs are broadcasted repeatedly. Different SIBs are mapped to different System-Information messages (SIs) which correspond to the actual transport blocks to be transmitted on DL-SCH.
How often a certain SIB needs to be transmitted depends on how quickly UEs needs to acquire the corresponding system information during cell discovery. Therefore the transmission period for a given SIB might be different in different networks.

SIB1 uses a fixed schedule, therefore has limited flexibility, with a periodicity of 80 msec and its first transmission is scheduled in subframe #5 for which the SFN mod 8 = 0 and repetitions are scheduled in subframe #5 of all other radio frames for which SFN mod 2 = 0. Note that SIB1 is always mapped onto the first system information message (SI-1), whereas the remaining SIBs may be group-wise multiplexed on to the same SI. Information about the detailed SIB-to-SI mapping and the transmission period of different SIs are provided in SIB1. For the remaining SIs, the scheduling on DL-SCH is more flexible so that each SI can, in principle, be transmitted in any subframe within time windows with well-defined starting points and durations provided in SIB1.

Observation 1
SIB1 is always mapped on SI-1 and has limited flexibility whereas scheduling is more flexible for the remaining SIs which can be transmitted in any subframe.


The total number of information bits that is mapped to a single SI must not exceed what is possible to transmit within a transport block. When the transport block size is relatively large, a single subframe may not be sufficient for the transmission of a particular SI message. In that case multiple subframes may be needed within the system information scheduling window, so that a sufficiently low code rate can be achieved for system information acquisition.


Observation 2
The total number of information bits that is mapped to a single SI must not exceed what is possible to transmit within a transport block. If the transport block size is relatively large multiple subframes may be needed within the SI scheduling window.


In [2], section 5.2.1.1 has the following note:

NOTE 1: 
The physical layer imposes a limit to the maximum size a SIB can take. When DCI format 1C is used the maximum allowed by the physical layer is 1736 bits (217 bytes) while for format 1A the limit is 2216 bits (277 bytes), see TS 36.212 and TS 36.213.

Considering the maximum approximate sizes of SIB 5 and SIB 7 and the maximum allowed sizes for different DCI formats stated in the note above, it is clear that current specifications allow for a larger SI message than what the network can handle. Hence, an operator needs to manage and dimension the SIBs in the network with respect to the physical layer restriction. If the network uses a system information transport block larger than 1000 bits, low cost/complexity MTC UEs cannot receive the SI message.

Observation 3
System information transport blocks that are of interest to low cost/complexity MTC UEs must not exceed 1000 bits.


Based on the discussion above we propose the following: 
Proposal 1
RAN2 to study the impact of limiting the transport block size to 1000 bits on system information acquisition.


2.2 Downlink reception

In [3], tables 8.2-1 and 8.2-2 specify the possible combinations of physical channels that can be received in parallel in the downlink in the same subframe by one UE. In one subframe, the UE shall be able to receive all TBs according to the indication on PDCCH.

Table 8.2-1: Downlink "Reception Types"

	"Reception Type"
	Physical Channel(s)
	Monitored
RNTI
	Associated
Transport Channel

	A
	PBCH
	N/A
	BCH

	B
	PDCCH+PDSCH
	SI-RNTI
	DL-SCH

	C
	PDCCH+PDSCH
	P-RNTI
	PCH

	D
	PDCCH+PDSCH
	RA-RNTI (Note 3)
	DL-SCH

	
	
	Temporary C-RNTI (Note 3) (Note 4)
	DL-SCH

	
	(PDCCH/EPDCCH) +PDSCH
	C-RNTI and Semi-Persistent Scheduling C-RNTI
	DL-SCH 

	D1
	(PDCCH/EPDCCH) +PDSCH
(Note 9)
	C-RNTI
	DL-SCH 

	E
	PDCCH/EPDCCH (Note 1)
	C-RNTI
	N/A

	F
	PDCCH
	Temporary C-RNTI (Note 5)
	UL-SCH

	
	PDCCH/EPDCCH
	C-RNTI and Semi-Persistent Scheduling C-RNTI
	UL-SCH

	F1
	PDCCH/EPDCCH
(Note 9)
	C-RNTI
	UL-SCH

	G
	PDCCH
	TPC-PUCCH-RNTI
	N/A

	H
	PDCCH
	TPC-PUSCH-RNTI
	N/A

	I
	PDCCH/EPDCCH
	Semi-Persistent Scheduling C-RNTI (Note 6)
	N/A

	J
	PDCCH/EPDCCH
	Semi-Persistent Scheduling C-RNTI (Note 7)
	N/A

	K
	PDCCH
	M-RNTI (Note 8)
	N/A

	L
	PMCH
	N/A (Note 8)
	MCH

	Note 1:      PDCCH or EPDCCH is used to convey PDCCH order for Random Access.
Note 2:      Void.

Note 3:      RA-RNTI and Temporary C-RNTI are mutually exclusive and only applicable during Random Access procedure.

Note 4:      Temporary C-RNTI is only applicable when no valid C-RNTI is available.
Note 5:      Temporary C-RNTI is only applicable during contention-based Random Access procedure.

Note 6:      Semi-Persistent Scheduling C-RNTI is used for DL Semi-Persistent Scheduling release.

Note 7:      Semi-Persistent Scheduling C-RNTI is used for UL Semi-Persistent Scheduling release.

Note 8:      In MBSFN subframes only

Note 9:      DL-SCH reception corresponding to D1, and UL-SCH transmission corresponding to F1, are only applicable to SCells.


From the tables it can be concluded that that a UE in idle mode is required to be able to simultaneously receive BCH, DL-SCH scheduled with SI-RNTI and PCH (i.e. combination A + B + C) and that a UE in connected mode is e.g. required to be able to simultaneously receive BCH, DL-SCH scheduled with SI-RNTI and another DL-SCH transmission (i.e. combination A + B + D).
Table 8.2-2: Downlink "Reception Type" Combinations

	Combination
	Mandatory/Optional
	Comment

	1xA + 1xB + 1xC
	Mandatory
	RRC_IDLE

	1xK + 1xL
	Mandatory for MBMS UEs
	RRC_IDLE

	1xA + 1xB + 1x(D or (1-m)xE or G or I) + (p-1-m)xD1 + mxE + 1x(F or H or J) + (q-1)xF1
	Mandatory. (NOTE 3)
	RRC_CONNECTED

	1xA + 1xB + 1x(D or (1-m)xE or G or I) + 1x(F or H or J) + 1xF+ (p-1-m)xD1 + mxE + 2x(q-1)xF1
	Mandatory for UEs supporting FS2. (NOTE 3) (NOTE 4)
	RRC_CONNECTED
(NOTE 1)

	((1x((1-m)xE or G or I) + 1xL) or 1xD) + 1x(F or H or J) + r xK + (p-1-m)xD1 + mxE + (q-1)xF1 + (r-1)xL
	Mandatory for MBMS UEs. (NOTE 3) (NOTE 4)
	RRC_CONNECTED
(NOTE 2)

	((1x((1-m)xE or G or I) +1xL) or 1xD) + 1x(F or H or J) + 1xF + r xK + (p-1-m)xD1 + mxE + 2x(q-1)xF1 + (r-1)xL
	Mandatory for MBMS UEs supporting FS2. (NOTE 3)
	RRC_CONNECTED
(NOTE 1)
(NOTE 2)

	1xA + 1xB + 1xC + 1x(D or (1-m)xE or G or I)+(p-1-m)xD1 + mxE + 1x(F or H or J)+(q-1)xF1
	Mandatory for ETWS and CMAS UEs
Optional for all other UEs.
(NOTE 3)
	RRC_CONNECTED


	1xA + 1xB + 1xC + 1x(D or (1-m)xE or G or I) + 1x(F or H or J) + 1xF + (p-1-m)xD1 + mxE + 2x(q-1)xF1
	Mandatory for ETWS and CMAS UEs supporting FS2
Optional for all other UEs.
(NOTE 3)
	RRC_CONNECTED
(NOTE 1)

	NOTE 1:    For TDD UL/DL configuration 0, two PDCCHs or EPDCCHs can be received in the same subframe for UL-SCH in two different uplink subframes.
NOTE 2:    The combination is the requirement when MBMS reception is on PCell and/or any other cell. r is the number of DL CCs on which the UE supports MBMS reception according to the MBMSInterestIndication.

NOTE:                    p is the number of DL CCs supported by the UE. q is the number of UL CCs supported by the UE. q = p = 1 implies non-CA capable UE. m = 0 or 1 for UE supporting multiple TAGs, otherwise m=0.

NOTE:                    The UE is only required to receive one PDSCH, pertaining to D or D1, per DL CC.

NOTE 3:    Combination involving EPDCCH is optional and required only for UE supporting EPDCCH.
NOTE 4:    It is not required to simultaneously receive EPDCCH and PMCH on the same cell.


NOTE:      Any subset of the combinations specified in table 8.2-2 is also supported.

In [4], section 4.2 defines the maximum number of DL-SCH transport block bits received within a TTI. It is stated in the same section that this number does not include the bits of a DL-SCH transport block carrying BCCH in the same subframe. Note that this may not be the case for low cost/complexity MTC UEs and this is still an open issue in RAN1.
We propose the following:
Proposal 2
RAN2 to discuss whether a low cost/complexity MTC UE is required to receive parallel transmissions of simultaneous physical channels.


Proposal 3
RAN2 to discuss whether the total sum of all simultaneously received TBs is restricted to the maximum TBS, i.e. 1000 bits.


3 Conclusion

In this contribution we have discussed the transport block size and the impact of its limitation to 1000 bits on system information broadcast and downlink reception. In section 2 we have made the following observations:

Observation 1
SIB1 is always mapped on SI-1 and has limited flexibility whereas scheduling is more flexible for the remaining SIs which can be transmitted in any subframe.


 TOC \f \n \t "Observation;1" 

Observation 2
The total number of information bits that is mapped to a single SI must not exceed what is possible to transmit within a transport block. If the transport block size is relatively large multiple subframes may be needed within the SI scheduling window.



Observation 3
System information transport blocks that are of interest to low cost/complexity MTC UEs must not exceed 1000 bits.


Based on the discussion in section 2 we propose the following: 
Proposal 1
RAN2 to study the impact of limiting the transport block size to 1000 bits on system information acquisition.


Proposal 2
RAN2 to discuss whether a low cost/complexity MTC UE is required to receive parallel transmissions of simultaneous physical channels.



Proposal 3
RAN2 to discuss whether the total sum of all simultaneously received TBs is restricted to the maximum TBS, i.e. 1000 bits.
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