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1 Introduction
Rel-12 work on low-cost MTC introduced a new Category 0 UE which supports a reduced maximum TBS of 1000 bits in DL and UL, single receive antenna operation, and additional HD-FDD support.

For Rel-13, a new work item on further physical layer enhancements for MTC was approved at RAN#65 [1]. This includes further complexity reduction and the resumption of work on coverage extension from Rel-12. There are some further techniques included for consideration in the WID related to system information (SI) transmission to the new UE:
· Reduced maximum transport block size for unicast and/or broadcast signaling
· Reduced support for simultaneous reception of multiple transmissions
· New physical channel formats with repetition for SIB/RAR/Paging

· A new SIB for bandwidth reduced and/or coverage enhanced UEs
· Relaxed “probability of missed detection” for PRACH and initial UE system acquisition time for PSS/SSS/PBCH/SIBs can be considered as long as the UE power consumption impact can be kept on a reasonable level.
There is a further objective that work with higher layer control signaling should aim for a high level of commonality between Rel-13 low complexity UEs and the solutions for coverage enhanced UEs.

In this contribution, we give our views on how to adjust SIB transmission to suit the Rel-13 MTC UE in terms of complexity and coverage enhancement, with power consumption as a design aid. There is some related discussion in our companion contributions [2], [3].

2 Discussion

The largest SIBs are those related to mobility, SIB3-8, which include inter-frequency and inter-RAT parameters. The WID allows reduced support for mobility, so these SIBs should not be used to guide the design, and at least SIB 6, 7, 8 may be dropped if the eventual design does not efficiently support them.  Similarly, SIB16 is not high priority for MTC.
Proposal 1:
The sizes of SIBs 3-8 and 16 should not be used to guide the design of SIB transmission for Rel-13 MTC complexity reduction or coverage extension.

Of the remaining SIBs, 9, 10, 11, 12, 13, and 14 can all be small, as shown in Table 1 (see also related analysis in [4]). These can fit into small SI-messages with suitable scheduling from the eNB so should not present a TBS limitation with minimal impact on scheduler flexibility. Furthermore, we suggest that some edge cases of, e.g. a HeNB with the longest possible name, or an eMBMS network with many MBMS areas, are not the critical case for MTC design.
	SIB
	Purpose
	Size

	9
	HeNB
	8 – 384 bits

	10
	ETWS
	98 bits

	11
	ETWS
	47 bits + ETWS message segment

	12
	CMAS
	47 bits + CMAS message segment

	13
	MBMS
	35 – 224 bits

	14
	EAB
	12 – 72 bits


Table 1: SIB 9 – 14 size ranges.
SIB 15 is more variable in size, but can contain much inter-frequency information which may not be relevant to Rel-13 low cost UEs.
It is possible even with a reduced TBS of, ~300 bits to schedule multiple of SIB 9-14 in one SI-message. In general, we conclude that SIBs 9 – 14 can be small in most relevant cases for Rel-13 MTC design. SIB15 size would need considering if full SI support was needed for Rel-13 MTC, to see what scenarios are most applicable and the likely size of the SIB, and some of the mobility SIBs, e.g. SIB5 also, if it is preferred to include them in the design. We have some considerations on whether to support larger broadcast TBS in [3] to ensure RAN1 considers all the options at its disposal.
This leaves SIB1 and SIB2, which contain a variety of essential information. However, some may be not needed for MTC UEs, for example access class barring can be handled by the small SIB14 and those bits not included SIB2 (they are optional anyway). The size of SIB1 depends in part on optional features and the mapping of SIBs to SI-messages and the configuration of SI-messages. However, it might typically be ~250 bits, and SIB2 ~300-400 bits. They are therefore likely to be larger than the other interesting SIBs on average, so the sizes of these SIBs should be considered when deciding how to transmit them to limited-capability or coverage-extended UEs..
Proposal 2:
The sizes of SIB1 and SIB2 are used to guide design for  legacy SIB transmission in Rel-13 MTC work.
Proposal 3:
The sizes of SIB 9 – 15 can be used to optimize a particular design choice if necessary.

Considering the size of these SIBs, there is no need to impose a particular bit-count limit different to any reduced maximum supported DL TBS that is agreed separately.

2.1 SI delivery in coverage enhancement
To minimize the number of repetitions of (E)PDCCH and PDSCH, it makes sense to keep SIBs as small as possible. This also aids reducing UE on-time power consumption. Since the SIBs in Proposals 2 and 3 are anyway small and variable; and SI-messages are an aggregation of at least one SIB, there is no reason to aggregate the MTC-relevant SIBs into larger new SIB(s) – it is better to leave that decision to eNB/operator and provide a fine-grained selection of blocks to work with, which can be combined into SI-messages depending at least in part on the coverage needs of each cell.
Proposal 4:
Existing SIB content is not aggregated into new SIB(s) for Rel-13 MTC UEs.
To send SI-messages / SIBs to CE UEs implies repeating PDCCH (or EPDCCH with CSS) a number of times before the relevant PDSCH is sent. We already have Rel-12 agreements that:

· For UEs in enhanced coverage mode for MTC, if/when PDSCH is indicated via (E)PDCCH:

· The relation of PDSCH timing to (E)PDCCH timing shall be known to UE and shall not be configurable by higher layer parameter dedicated only for this purpose and shall not be indicated by (E)PDCCH. FFS on how to derive it or fixed by spec.

· Assigned PDSCH is transmitted not before end of (E)PDCCH, i.e., if subframe n is the last (E)PDCCH repetition then PDSCH start n + k (k > 0)
This is still a good agreement for unicast messages, but the Rel-12 discussions for common messages have explored the matter further. For SIBs scheduled by the broadcast SI-RNTI, a maximum of 16 CCEs are defined for the PDCCH common search space and more CCEs will be needed for MTC UEs in coverage enhancement scenarios. CCE availability in the common search space will be limited in coverage enhancement so the collision probability among the PDCCHs for SIB/RAR/Paging will increase if PDCCH is used to schedule SI-messages. Thus, MTC UEs’ access time, paging-to-awaking time will be prolonged and the UE’s power consumption will be greatly increased. The same basic points are true if CSS is introduced on EPDCCH.

Hence, a SIB transmission mechanism is preferable with skipping control channel decoding for SIB (and RAR/Paging), say by having a scheduling restriction (e.g., fixed or pre-defined option) on PDSCH frequency allocation with the 1.4 MHz UE bandwidth, and a fixed MCS for SIB (and RAR/Paging) transmission in coverage improvement scenario.
This also has the significant advantage of eliminating the power consumption of control-channel decoding for Rel-13 MTC UEs in respect of common messages.
Proposal 5:
(E)PDCCH-less scheduling with use of fixed or pre-defined resources and MCS for SIBs is considered for coverage enhancement  UEs.
2.2 SI delivery for complexity reduction

The main aspect of complexity reduction affecting SIBs is the BW reduction to 1.4 MHz, although how this will be supported in specification remains to be decided between RAN and RAN4. Nevertheless, working on the assumption that 6 PRBs are available for PDSCH transmission, we have some options for how to send SIBs to Rel-13 MTC UEs, where we focus on SIB1 and SIB2 according to Proposal 2, with SIB 9-15 also in mind when they apply to MTC UEs:
Solution 1:
Limit the transmission of SIBs relevant to Rel-13 MTC UEs to be within 6 PRBs.

Solution 2:
Limit the transmission of SIBs relevant to Rel-13 MTC UEs to be within 6 PRBs in pre-defined subframes.
Solution 1 has little specification impact. No additional overhead is needed as low cost MTC UEs share the same SIB contents of the relevant SIBs with other UE categories. However, it may affect the block error rate performance of those SIB as the lowest coding rate is limited to ensure these few SIBs are transmitted within 6PRBs even when the system bandwidth is larger than 1.4MHz. Solutions need to be considered to minimize the performance impact on UEs of other categories.

Solution 2 further minimize the SIB detection performance impact on other UE categories. In the pre-defined subframes, both low cost MTC UEs and other category UEs could receive the system information, while other category UEs could also get system information in subframes in which these MTC-relevant SIBs are scheduled in more than 6 PRBs to maintain performance. 
The period of the pre-defined subframe configuration determines the delay of SIB detection for low cost MTC UEs because low cost MTC UEs should wait until a pre-defined subframe to begin (re-)acquisition. There could be impact on the performance of SIB detection for other UE categories. This would depend on the balance between relevant SIBs being transmitted in the pre-defined subframes with 6PRBs limit and in normal subframes with no limit. The period of the pre-defined subframes configuration should take into account the tradeoff between the SIB detection delay of low cost MTC UEs and the impact on the performance of UEs with other categories.
Overall, solution 2 has less impact to legacy UEs, so is the preferred solution. It could also be considered for Rel-12 Cat. 0 UEs via TEI12 or TEI13.
Proposal 6:
Limit the transmission of SIBs relevant to Rel-13 MTC UEs to be within 6 PRBs in pre-defined subframes.
2.2.1 Simultaneous reception

As noted in [5], removing support for simultaneous reception of unicast and broadcast has very unclear cost saving in HARQ buffer requirements, because the contents of the buffers must be maintained until released even if no TB is received into them in a given TTI, and any of the unicast processes could be indicated, and/or the dedicated broadcast process. The saving from having no simultaneous reception requirement is only in the speed with which decoding must occur to allow the UE to ACK/NACK the contents of a unicast TB in time. Compared to the Cat. 0 UE, there could be some cost saving if the Cat. 0 implementation has provided a dedicated turbo decoder for broadcast messages due to the different maximum TB size for unicast and broadcast, because the unicast decoder might now be dropped and the same decoder used for both message types. Whether this would be possible is implementation dependent.

If there is a new, lower, unified TBS limit, the same decoder could be used for both message types. In the new UE, if there is a reduced TBS support of a few hundred bits, it is probably unnecessary to provide two turbo decoders even if simultaneous reception is supported. In this case, no support for simultaneous reception probably could give zero cost saving. On the other hand, removing support for simultaneous reception complicates the eNB operation for common messages, but it is unclear if it will really be possible for eNB to arrange simultaneous transmission of unicast and common messages in the restricted 1.4 MHz bandwidth of the Rel-13 MTC UE. So even if simultaneous reception is supported by the MTC UE it may be rarely possible for the network to exploit it.
Proposal 7:
Take decisions on support of simultaneous reception for the Rel-13 MTC UE after decisions on bandwidth reduction and maximum TBS support are clear.
3 Conclusion
In this contribution, we have considered some approaches to SIB delivery for Rel-13 MTC UEs in terms of message size, coverage enhancement, and complexity reduction. In general, no major re-working of the existing SIB structure seems to be needed if we focus on the SIBs which are of relevance to such UEs, and Rel-12 discussions and agreements for coverage enhancement and complexity reduction are a good springboard for Rel-13. We make the following proposals:

Proposal 1:
The sizes of SIBs 3-8 and 16 should not be used to guide the design of SIB transmission for Rel-13 MTC complexity reduction or coverage extension
Proposal 2:
The sizes of SIB1 and SIB2 are used to guide design for  legacy SIB transmission in Rel-13 MTC work.
Proposal 3:
The sizes of SIB 9 – 15 can be used to optimize a particular design choice if necessary.

Proposal 4:
Existing SIB content is not aggregated into new SIB(s) for Rel-13 MTC UEs.
Proposal 5:
(E)PDCCH-less scheduling with use of fixed or pre-defined resources and MCS for SIBs is considered for coverage enhancement  UEs.

Proposal 6:
Limit the transmission of SIBs relevant to Rel-13 MTC UEs to be within 6 PRBs in pre-defined subframes.

Proposal 7:
 Take decisions on support of simultaneous reception for the Rel-13 MTC UE after decisions on bandwidth reduction and maximum TBS support are clear.
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