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1. Introduction
A low-complexity UE suitable for MTC operation is to be designed [1]. The principal complexity reduction steps that are expected to be taken in RAN1 are:
· Single receive antenna operation at the UE;

· Reduction of maximum baseband bandwidth to 1.4 MHz in DL for data channel; and
· Reduction of maximum supported TBS to 1000 bits in DL and UL.

There has been some discussion in RAN1 [2] – [5], and RAN2 [6] – [12] as regards whether a 1000 bit maximum supported TBS is appropriate. RAN2 sent a reply LS to RAN1 on a related matter from RAN2#83 [13] on their considerations of TBS vs SIB size, and we have previously discussed this point in [14]. In this contribution we discuss the options and propose a decision to settle the matter.
2.
Discussion
2.1
RAN2 LS
In their reply LS [13], RAN2 made the following points relevant to TBS:

· SIB1, 2, 3, 4 are smaller than 1000 bits
· A 1000 bit limit might put future restrictions on extensibility of these SIBs.

· Inter-RAT SIBs (6, 7, 8,…) would have to grow before exceeding 1000 bits
· The network can decide to configure the respective SIBs with fewer than 1000 bits

· SIB5 can be more than 1000 bits

· One solution might be to define a ‘SIB5bis’ which contains only a subset of the inter-frequency information

· If a low-complexity UE cannot read SIB5 successfully, the UE should rely on existing cell selection procedure rather than cell re-selection.

Therefore, RAN2 found no problem with the 1000 bit limit that does not have either an existing solution available or an identified proposal immediately to hand. If future extensibility of SIB1,2,3,4 was affected – and RAN2 did not conclude decisively that it would be – then it is always easy to define a ‘-bis SIB’ to suit MTC operation, in the same way as the solution identified for SIB5, and the same is true for all the other SIBs.
Observation 1: RAN2 did not conclude that there is an existing problem with 1000 bit TBS limit for at least SIBs 1, 2, 3, 4, 6, 7, 8.

Observation 2: RAN2 concluded that there are solutions available if a 1000 bit TBS limit should be a problem for SIB5. The same solution can be used for other SIBs if needed in future.
2.2
TBS impact on coverage extension
In Table 1 we have simulated the impact of TBS on the number of repetitions needed to fulfill the coverage extension requirement. We have used the following TBSs:

· 208 bits –  since RAN2 Tdocs identified that about 200 bits is a representative SIB size;

· 968 bits / 1000 bits – to represent the current WID-prescribed limit in DCI format 1A/1C;

· 1736 bits as the highest TBS for supported by DCI format 1A for SI-RNTI;
· 2216 bits as the highest TBS supported by DCI format 1C for SI-RNTI.
The PRBs allocated to SIBs are assumed for these purposes to be distributed across the bandwidth and fixed for the duration of the repetitions. In DCI format 1A, we have assumed 3 PRBs and in format 1C we have assumed 6 PRBs to incorporate the effect of the low-complexity PDSCH bandwidth restriction. Both DCI formats use QPSK when addressed to SI-RNTI.
	
	TBS = 208 bits
	TBS = 968  / 1000 bits
	TBS = 1736 bits
	TBS = 2216 bits

	3 PRBs

Format 1A
	100
	320
	640
	800

	6 PRBs

Format 1C
	42
	180
	275
	


Table 1: Repetitions needed for SIB acquisition at 10% BLER for MCL = 155.7 dB. Frequency error and multi-subframe channel estimation are not modeled. 
It is clear that allowing a TBS of around 2000 bits (i.e. 2216 or 1736 bits) increases the number of PDSCH repetitions and therefore resources by a significant amount. Although companies might use different precise simulation assumptions, it is clear that the basic point of dramatic increases in the repetitions and resources required would be consistent across minor variations. Note that we are talking about SIBs / SI-messages here of which there may be several in a cell, and which are sent continuously, so the increase in the resource usage just for delivering system information to the cell-edge is relatively very large. A UE booting up from cold, or re-acquiring SI after a modification, would have a number of SI-messages to acquire, each able to take many more subframes if the TBS limit is increased toward ~2000 bits. These repetition subframes would likely not be in general wholly consecutive, so the actual acquisition time for SIBs could be significantly longer again than the approximate numbers shown here.
So we conclude that future compatibility problems could arise by increasing the maximum supported TBS beyond 1000 bits. It is also not clear whether such an increased limit could reasonably be applied only to SI-messages, or whether general PDSCH, with potentially higher-order modulation, could also support it, in which case the numbers of repetitions would increase again.

Therefore, it is better to have a design requirement that any SIB expansion or introduction in future will still be deliverable in coverage extension. This is possible with the 1000 bit limit which, as identified above, creates either no problem or already has solutions available. It is for RAN2 to develop a design of SI transfer that meets these L1 requirements.
We also point out that, according to the RAN2 LS highlighted above, few of the SIBs actually approach 1000 bits, and this leaves lots of co-scheduling flexibility for the eNB in constructing SI-messages. Therefore, we do not see a strong case that an increased TBS limit would actually be useful even if it were agreed. It would, therefore, increment UE cost needlessly.

Observation 3: For MTC coverage extension purposes, maximum supported TBS should be limited to 1000 bits, as agreed originally in the WID.
3.
Conclusions
In this contribution we have analyzed the effect of increasing the MTC UE’s maximum supported TBS beyond 1000 bits, principally for purposes related to SIB transmission. We offered simulation results showing that increasing the TBS limit significantly increases the number of repetitions needed to achieve the PDSCH coverage extension target. We also highlight that according to RAN2 there is no current strong motivation for actually using an increased TBS limit for SIBs even if one were supported, but it would still increment UE cost.
Proposal: RAN1 retains the WID objective of a 1000 bit maximum supported TBS in UL and DL for the low-cost MTC UE.
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