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1 Introduction

A maximum supported TBS of 1000 bits for unicast (DL and UL) and 2216 bits for broadcast were the agreements for Cat. 0 UEs in R12. Further reducing the maximum transport block size for unicast and/or broadcast signalling can be considered for UE processing relaxations by the R13 WID [1].
This contribution analyzes impacts of further reducing the maximum TBS in terms of cost savings and specification efforts and derives the proposals. 
2 Impacts on specifications
It is worth to analyze unicast and broadcast separately, since broadcast including SIBs, Paging, and RAR which may address pre-R12 UEs, Cat. 0 UEs, and R13 MTC UEs in normal or enhanced coverage.

1) Reducing TBS for unicast data for R13 MTC UEs
The schedulable TBS for 6 PRBs is from 152 up to 4392 per [4], so technically the maximum TBS could be low to 152 bits for R13 MTC UEs with the reduced bandwidth of 1.4 MHz in downlink and uplink with limited impacts on specifications. 
However, from RAN2 specification [6] for RRC messages including RRCConnectionRequest, RRCConnectionSetup, RRCConnectionReject, RRCConnectionReestablishmentRequest, RRCConnectionReestablishment, and RRCConnectionReestablishmentReject, an RLC Transparent Mode (TM) entity will be configured which shall not segment nor concatenate the RLC SDUs. The sizes for such messages [7] are included in Table 1 from which the size for the largest messages is 38 bytes (304 bits). Note the size for RRCConnectionReject and RRCConnectionReestablishmentReject is very small and not included in the table. 
Table 1: Byte estimate for RRC messages using RLC Transparent Mode
	Direction
	Messages (or IEs)
	Bytes (DL)
	Bytes (UL)

	UL
	RRC Connection Request
	
	7

	DL
	RRC Connection Setup
	38
	

	UL
	RRC Connection Reestablishment Request
	
	7

	DL
	RRC Connection Reestablishment
	38
	


Other RRC messages, e.g., RRC Connection Reconfiguration and RRC Connection Reconfiguration can be segmented because the RLC Acknowledge Mode (AM) will be used. If keep the RRCConnectionSetup and RRCConnectionReestablishment messages and the RLC TM property unchanged, the maximum TBS for unicast could be reduced to ~300 bits. Note that 328 exists in the TBS table [4].  However, a small unicast TBS will force other largest messages to be segmented, e.g., RRC Connection Reconfiguration (464 bits) and RRC Connection Reconfiguration (696 bits) [7]. Segmentations cause more overhead due to concatenation of the header, which need to be balanced with the cost savings achievable. 
In addition, if reducing the maximum TBS to say ~300 bits and when discussing whether PDSCH with such small TBS requires (E)PDCCH scheduling, we had an agreement in R12 that “at least for unicast traffic, UE shall monitor more than one (E)PDCCH decoding candidate” [5], and such an agreement could be still applicable for R13. 
However, there is a concern that such low TBS under the legacy transmission mechanisms may not be efficient. Specifically, the performance of turbo codes decreases with the number of input bits, and convolutional coding is more beneficial for small TBS. In addition, the control overhead may also demonstrate the inefficiency of small TBS on PDSCH for which resources need to be granted or assigned by a PDCCH no matter how small the TBS is, and more details can refer to [8]. With such a concern, there could be more discussion on it. 
2) Reducing TBS for broadcast for R13 MTC UEs
Broadcast includes SIB, paging, and RAR. The size of a paging message depends on the number of UEs paged in a message. If eNB is aware that the paging is addressing R13 MTC UEs, it is possible for eNB to create a small TBS paging messages with addressing few UEs. Similarly, it is also possible for eNB to spread RAR transmissions in a RAR window so as to make a small TBS RAR message. Therefore, TBS for broadcast should not be dominated by paging and RAR. 
SystemInformation, and SystemInformationBlockType1 are messages which cannot be segmented. The size of the largest messages determines the allowable maximum TBS reduction if no changes to the messages. 
Estimation for the typical size of SIBs is summarized in Table 2 according to [9] [10]. As the WID allows reduced support for mobility, it is proposed that SIBs 3-8 and 16 should not be used to guide the design [9], and at least SIBs 6, 7, 8 may be dropped if the eventual design does not efficiently support them. SIB15 is more variable in size, but can contain much inter-frequency information which may not be relevant to Rel-13 low cost UEs.

Table 2: estimation of typical size of SIBs
	SIB type
	Size
(bits)
	Usage
	SIB type
	Size
(bits)
	Usage

	SIB1
	~250
	Contains SIB scheduling info
	SIB9
	~160
	Contains HeNB name

	SIB2
	300~400
	Contains radio resource configuration info
	SIB10
	98
	Contains ETWS primary notification

	SIB3
	~160
	Contains common cell re-selection info
	SIB11
	47 bits + ETWS message segment
	Contains ETWS secondary notification

	SIB4
	136
	Contains neighboring cell info for intra-freq cell re-selection
	SIB12
	47 bits + CMAS message segment
	Contains CMAS notification

	SIB5
	280
	Contains inter-freq cell re-selection info
	SIB13
	35 – 224 
	Contains MBMS info

	SIB6
	N/A
	Contains inter-RAT cell re-selection info (UTRA)
	SIB14
	12 – 72 
	Contains EAB info

	SIB7
	N/A
	Contains inter-RAT cell re-selection info (GERAN)
	SIB15
	variable
	Contains MBMS service continuity info

	SIB8
	N/A
	Contains inter-RAT cell re-selection info (CDMA2000)
	SIB16
	80
	Contains UTC info


Note that the size in Table 2 are typical values for MTC relevant but could be much larger, e.g., SIB5 can be larger than 1000 bit depending on the number of carriers (and e.g. black lists) [11].

If reducing the maximum TBS for broadcast from 2216 bits to say ~1000 bits, one solution discussed in RAN2 would be to define a SIB5bis which contains only a subset of the inter-frequency information. However, this increases the overhead. Generally, the smaller the maximum supported TBS, the more of the large SIBs may need to have their size controlled differently, or be re-designed, for R13 MTC than other UEs.
3 Cost savings for smaller TBS

Cost savings by reducing the maximum TBS for unicast and broadcast come from HARQ buffer reduction, turbo decoding, and UL processing block per the methodology utilized in TR 36.888 in R12. 

For Cat.0 UEs (1000 bits for unicast and 2216 bits for broadcast)

Firstly, we review the cost savings calculation for Cat. 0 UEs. Cat. 0 UEs have a minimum HARQ soft buffer requirement of 25344 bits for HARQ for unicast data and a dedicated HARQ buffer of 6816 bits for SIBs, by which Cat. 0 UEs are able to receive a TB of the maximum 1000 bits and another TB of the maximum 2216 bits in one TTI.
 (25344 + 6816) / (250368 + 6816)
= 87% of the Cat. 1 HARQ buffer; and


2216/10000





= 78% of the Cat. 1 turbo decoding; and


1000/5160





= 81% of the Cat. 1 UL processing block.
Taking into account the cost savings from 1Rx and half-duplex FDD, so the total overall cost saving relative to Cat. 1 UEs is 53.9%. 
For R13 MTC UEs (300 bits for unicast and 300 bits for broadcast)

When considering further reducing the maximum TBS to ~300 bits for both unicast and broadcast and assuming still use turbo encoder, the soft buffer size for HARQ of unicast is 8448 bits and the dedicated buffer for SIBs could be reduced to 1056 bits, so that cost savings comes:
(8448 + 1056)/( 250368+6816) 

= 96% of the Cat. 1 HARQ buffer; and
300/10000 





= 97% of the Cat. 1 turbo decoding; and
300/5160






= 94% of the Cat. 1 UL processing block.
Taking into account the cost savings from 1Rx and half-duplex FDD, so the total overall cost saving relative to Cat. 1 UEs is 56.3%. 

Note that 100% cost savings could be obtained from turbo decoding if convolutional coding is used but, assuming the existing LTE convolutional code is used, no additional savings from HARQ buffer because the same sizes of the soft buffer and the dedicated buffer, which just makes 0.1% difference in overall cost savings relative to the using turbo coding case.
For R13 MTC UEs (300 bits for unicast and 1000 bits for broadcast)

If reducing the maximum TBS to ~300 bits for unicast and ~1000 bits for broadcast and assuming still use turbo encoder, the soft buffer size for HARQ of unicast is 8448 bits and the dedicated buffer for SIBs could be reduced to 3168 bits, and cost savings comes:
(8448 + 3168)/( 250368+6816) 

= 95% of the Cat. 1 HARQ buffer; and
1000/10000 





= 90% of the Cat. 1 turbo decoding; and
300/5160






= 94% of the Cat. 1 UL processing block.
Taking into account the cost savings from 1Rx and half-duplex FDD, so the total overall cost saving relative to Cat. 1 UEs is 55.8%. 

For R13 MTC UEs (1000 bits for unicast and 1000 bits for broadcast)

If the maximum TBS for unicast and broadcast is 1000 bits, taking into account the cost savings from 1Rx and half-duplex FDD, the total overall cost saving relative to Cat. 1 UEs is 54.7%.
Fig. 1 presents additional the cost savings of further reducing TBS below a Rel-12 Cat. 0 UE (which has maximum TBS of 1000 bits for unicast and 2216 bits for broadcast). As usual, the % savings is relative to a Cat 1 UE. 
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Fig. 1: Additional cost savings over R12 of further R13 TBS reduction (% relative to a Cat. 1 UE modem).
Note that the above calculations do not take into account savings overlaps from other techniques in R13, e.g., HARQ process reduction, bandwidth reduction, etc. The relationship between cost and complexity reduction in an LTE modem is analyzed more generally in [3]. In addition to cost savings, other aspects including impacts on specifications or specification efforts are worthwhile to be balanced with. Obviously, R13 MTC (300+300) involves the most specification changes as analyzed in Sec. 2 including changes to RRC messages of TM and SIBs. 
Proposal: Study the efficiency penalty and cost savings for reduced TBS. If deemed worthwhile from a RAN1 perspective, request feedback from RAN2 on the specification impacts of reducing the maximum supported TBS below what is supported for a CAT 0 UE.
4 Conclusions
This contribution starts from impacts on specifications by reducing the maximum TBS separately for unicast data and broadcast including SIBs, paging and RAR. Cost savings comparison relative to Cat. 1 UEs are also presented, which derives the following proposal:
Proposal: Study the efficiency penalty and cost savings for reduced TBS. If deemed worthwhile from a RAN1 perspective, request feedback from RAN2 on the specification impacts of reducing the maximum supported TBS below what is supported for a CAT 0 UE.
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