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1 Introduction
The work item Low Cost & Enhanced Coverage for LTE, [2], has stated a maximum TBS of 1000 bits and 6 PRBs of PDSCH bandwidth to enable reduced cost of MTC UEs. The cost advantage is realised by a reduction in the size of the post FFT buffers, HARQ memory, and Turbo decoding.

This tdoc discusses the additional restriction placed on the system to support low cost UEs which are proposed to only support a TBS size of 1000 bits and 6 PDSCH PRBs. The TBS limit imposes the restriction of limiting SIBs to 1000 bits which will limit both future expansion of SIBs and restricts current SIBs (e.g. SIB5) that can already exceed this limit.  The 6 PDSCH PRB limit will restrict the ECR (effective coding rate) for SIBs which can limit the coverage that a system can support.
2 TBS Discussion
Discussion at RAN WG2 Meeting #84 covered the issue that the 1000 bit TBS limit would restrict the capability to send some existing SIB messages to all UEs such as for example SIB5 that can be up to ~1300 bits when containing information for a maximum of 8 neighbour cells [3] and would restrict the future extension of all SIBs beyond 1000 bits.
Three solutions were discussed; increase TBS limit for low cost UEs, limit SIBs to 1000 bits, or to split up the larger SIBS and send new smaller SIBs (e.g. SIB5bis1 and SIB5bis2) in parallel to the larger legacy SIBs. An LS [5] was sent to RAN1 regarding the above.
The solution to limit SIBs to 1000 bits will result in system performance degradation. For example, if less than the required number of neighbour cells is sent in SIB5 to meet the 1000 bit limit, this will limit the ability of all UEs to execute efficient handoffs and cause cell dragging. 
For the solution where new SIBs are created there are two sub options; one where a large SIB is broken into two smaller SIBs(e.g. SIB5bis1 and SIB5bis2)  and the other is where a new smaller SIB with information removed is sent. In both cases, this results in an inefficient use of system resources since the new and legacy SIBs need to be broadcasted. This inefficiency is not proportional to the number of low cost UEs on the network and at the onset of low cost UE deployment there will be few low cost UEs. This will create a difficult situation for MNOs and thus may delay network support of low cost UEs. For the latter case where information is removed from the SIB, some capabilities may be lost and/or system performance degradation will result for low cost UEs (e.g. hand-off capabilities of low cost UEs would be compromised).  Adding a new “SIBbis” will add complexity to the UE and the network, complicate the standard and take RAN 2 more meeting time to specify. Neither of these sub-options will support future expansion of SIBs (i.e. if SIB4 grows beyond 1000 bits in the future, a new SIB4bis could not be defined because legacy low cost UEs would not recognize it).
The solution to increase the low cost UE’s TBS limit to retaining the existing SIB maximum of 2216 bits, will preserve all existing capabilities and system efficiencies but this is at the expense of increasing low cost UE’s complexity. Re-calculation of the low cost UE cost savings for this option; based on the calculations in TS36.888 [1] Table 6.4.3, shows that there will be a decrease in the saving on Turbo Decoding from 90% to 78%. The HARQ saving would decrease from 90% to 78% and the UL processing saving should stay at 81%. The aggregate increase in cost going from a 1000 bit limit to a 2216 bit limit is only 1.0%-2.1%.
Observation #1: The loss of network efficiency caused by using new SIBbis messages will deter network support for low cost UEs. 
Proposal #1: The low cost UE’s TBS limited should be increased to at least support all the current SIBs. 

The maximum TBS size that a UE can process in currently existing categories of UE allows for reception of both SI-RNTI for SIB messages and also P-RNTI, paging and RA-RNTI, random access messages directed to individual UEs, within one subframe. A low cost UE with a smaller TBS size limit will have limited ability to receive both SI and UE specific information in the same subframe. If the total of the SI and UE specific information exceeds the limit (1000 or 2216 bits for example) then the UE would need to decide what information to decode. If SI information is up-to-date then the UE may ignore the SI and select to receive the paging or random access information sent to it. If the UE sees in the DCI that there is paging or random access information but has also detected a change flag for SI then it could ignore the UE specific information and decode the SI to get that up-to-date first. The penalty will be that there may be delay in the UE responding to paging and random access messages and/or messages will need to be resent. A larger TBS will reduce the likelihood that simultaneous reception is not possible.
Observation #2: A smaller LC UE TBS limit will result in more inefficiencies and delays when SI and UE specific information is sent in the same subframe.
Proposal #2: RAN2 should study the consequences and algorithms the low cost UE should follow when both SI and UE specific information is sent in the same subframe.
3 6 PRB Limit discussion
The 6 PRB limit for low cost UEs imposes a limit on the effective coding rate (ECR) for all broadcasted information to all UEs such as SIBs. The ECR that can be achieved affects cell coverage range. R1-074308 [4] describes the trade-offs between coverage and TBS size at different ECRs. At the cell edge, for 98% coverage with 1% BLER a nominal 1/8 to 1/30 effective coding rate is required depending on bandwidth.  Full cell coverage should be maintained with a nominal ECR of ~1/10.

	Effective Coding Rate of SIBs using 6 PRBs (RV=4) 

	SIB Size
	1.4MHz system
	3MHz system
	5MHz system

	(bits)
	6 PRBS
	6 PRBS
	6 PRBS

	620
	0.10
	0.10
	0.10

	1000
	0.16
	0.16
	0.16

	1736
	0.27
	0.27
	0.27

	2216
	0.35
	0.35
	0.35


If 6 PRBs and 4 RV (current maximum) are used then the effective coding rate target of 1/10 cannot be met for SIBs longer than about 620 bits. [see Appendix 1 for calculation details]
The 6 PRB limit and ECR limitations are not new performance limitations for 1.4MHz systems but would be new for wider bandwidth systems. Imposing these limits on all systems wider than 1.4 MHz in order to support low cost UEs may be considered unduly restrictive and thus may slow system support for low cost UEs.
Increasing the number of PRBs a low cost UE supports reduces these ECR restrictions. The following table shows the ECR for low cost UE PRB limits of 6, 15, and 25.

	Effective Coding Rate of SIBs (RV=4) 

	SIB Size
	1.4MHz system
	>3MHz system
	>5MHz system

	(bits)
	6 PRBS
	15 PRBS
	25 PRBS

	1000
	0.16
	0.06
	0.04

	1300
	0.21
	0.08
	0.05

	1736
	0.27
	0.11
	0.07

	2216
	0.35
	0.14
	0.08


A limit of 15 PRBs improves ECR (i.e. coverage) performance significantly over 6 PRBs and would allow SIBs of 1300 bits to be sent at ECRs <1/10.
Increasing the low cost UE PRB limit from 6 to 15 PRBs will increase costs. Assuming all of the cost saving is due to the post FFT buffer for limiting the number of PRBs, the cost saving goes from 4.4%-6.6% for a 6 PRB limit to 4.0%-6.0% for a 15 PRB limit which is only a 0.4%-0.6% increase in cost. [see Appendix 2 for calculation details]
Observation #3: A low cost UE limit of 6 PRBs imposes additional ECR restrictions and thus coverage restrictions for systems of bandwidths >1.4 MHz.

Proposal #3: Increase the low cost UE PDSCH PRB limit to reduce ECR restrictions which reduce system coverage.
4 Conclusion
Observation #1: The loss of network efficiency caused by using new SIBbis messages will deter network support for low cost UEs. 

Proposal #1: The low cost UE’s TBS limited should be increased to at least support all the current SIBs. 

Observation #2: A smaller LC UE TBS limit will result in more inefficiencies and delays when SI and UE specific information is sent in the same subframe.
Proposal #2: RAN2 should study the consequences and algorithms the low cost UE should follow when both SI and UE specific information is sent in the same subframe.
Observation #3: A low cost UE limit of 6 PRBs imposes additional ECR restrictions and thus coverage restrictions for systems of bandwidths >1.4 MHz.

Proposal #3: Increase the low csot UE PDSCH PRB limit to reduce ECR restrictions which reduce system coverage.
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Appendix 1 TBS calculation
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Name Value

Symbols per 2 RBs 168

RS per 2 RBs 16

PCFICH,PDCCH,PHI

CH symbols per 

2RBs 20

Symbols available 

for SIBs in 2RBs 132

Modulation 

Bits/sym

2

Effective Coding Rate for 6,15 and 25 PRBs, no redundancy

SIB Size 1.4MHz system 3MHz system 5MHz system

(bits) 6 PRBS 15 PRBS 25 PRBS

155 0.10 0.04 0.02

1000 0.63 0.25 0.15

1500 0.95 0.38 0.23

1736 1.10 0.44 0.26

2216 1.40 0.56 0.34

Effective Coding Rate for 6 PRBs (RV=4)

SIB Size 1.4MHz system 3MHz system 5MHz system

(bits) 6 PRBS 6 PRBS 6 PRBS

620 0.10 0.10 0.10

1000 0.16 0.16 0.16

1736 0.27 0.27 0.27

2216 0.35 0.35 0.35

Effective Coding Rate for 6, 15 and 25 PRBs (RV=4)

SIB Size 1.4MHz system >3MHz system >5MHz system

(bits) 6 PRBS 15 PRBS 25 PRBS

620 0.10 0.04 0.02

1000 0.16 0.06 0.04

1300 0.21 0.08 0.05

1736 0.27 0.11 0.07

2216 0.35 0.14 0.08

QPSK Modulation

Assumptions

Standard CP

2 eNB antennas

Assumes 2 symbols 

Possible values 1 sym=8, 

2 syms=20,3 Syms=32

Calculated Value


Appendix 2 PRB cost

[image: image2.emf]Savings due to reduction in number of PRBs

% Baseband cost 

(from TR 36.888 table 5.3.1) 60%

Min Max

Post FFT % Cost of BB 

(from TR 36.888 Table 6.4.3) 10% 15%

N PRB

Post FFT 

Buf 

Savings 

6 74% 4.43% 6.65%

15 67% 4.01% 6.01%

Difference 0.42% 0.64%
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				Constants:

				Name		Value		Assumptions

				Symbols per 2 RBs		168		Standard CP

				RS per 2 RBs		16		2 eNB antennas

				PCFICH,PDCCH,PHICH symbols per 2RBs		20		Assumes 2 symbols 
Possible values 1 sym=8, 
2 syms=20,3 Syms=32

				Symbols available for SIBs in 2RBs		132		Calculated Value

				Modulation Bits/sym		2		QPSK Modulation





				Effective Coding Rate for 6,15 and 25 PRBs, no redundancy

				SIB Size		1.4MHz system		3MHz system		5MHz system

				(bits)		6 PRBS		15 PRBS		25 PRBS

				155		0.10		0.04		0.02

				1000		0.63		0.25		0.15

				1500		0.95		0.38		0.23

				1736		1.10		0.44		0.26

				2216		1.40		0.56		0.34



				Effective Coding Rate for 6 PRBs (RV=4)

				SIB Size		1.4MHz system		3MHz system		5MHz system

				(bits)		6 PRBS		6 PRBS		6 PRBS

				620		0.10		0.10		0.10

				1000		0.16		0.16		0.16

				1736		0.27		0.27		0.27

				2216		0.35		0.35		0.35



				Effective Coding Rate for 6, 15 and 25 PRBs (RV=4)

				SIB Size		1.4MHz system		>3MHz system		>5MHz system

				(bits)		6 PRBS		15 PRBS		25 PRBS

				620		0.10		0.04		0.02

				1000		0.16		0.06		0.04

				1300		0.21		0.08		0.05

				1736		0.27		0.11		0.07

				2216		0.35		0.14		0.08
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		Savings due to reduction in number of PRBs

		% Baseband cost 
(from TR 36.888 table 5.3.1)		60%

						Min		Max

		Post FFT % Cost of BB 
(from TR 36.888 Table 6.4.3)				10%		15%



		N PRB		Post FFT Buf Savings 

		6		74%		4.43%		6.65%

		15		67%		4.01%		6.01%

				Difference		0.42%		0.64%






