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Discussion and Decision
1
Introduction
In RAN1#79, it was agreed that legacy PCFICH, PDCCH, and PHICH are not received by Rel-13 low-complexity UEs at least for system bandwidth exceeding 1.4 MHz and that the CFI where the UE can start control/data reception is provided by one of three alternatives [1].
Agreement
· Legacy PCFICH, PDCCH and PHICH are not received by Rel-13 low complexity UEs at least for system BW>1.4MHz

· CFI where the UE can start control/data reception is provided by one of following alternatives
· Alt. 1: Signaling in MIB
· Alt. 2: Signaling in SIB
· CFI is a fixed value predefined in the specification at least for PDSCH for at least part of system informations
· Alt. 3: Fixed in a specification for all subframes
· Note: RAN1 will conclude it among above 3 alternatives in RAN1 #80 meeting
In this contribution, we discuss the three alternatives and compare them.
2
Discussion of CFI Signalling Altenatives 

For legacy UEs, control reception in each subframe always begins at symbol index 0 and the PCFICH indicates the symbol index for starting data reception. Rel-13 low-complexity MTC (Rel-13 LC-MTC) UEs will have a bandwidth of 1.4 MHz and may operate in a wider system bandwidth shared by legacy UEs. In this case, the first few symbols (up to three) of each subframe will be occupied by the legacy control region, including legacy PCFICH, PDCCH, and PHICH, and will not be available to the Rel-13 low-complexity UEs within the 1.4 MHz region allocated to them. Therefore, the symbol index at which control/data reception can start for the Rel-13 LC-MTC UE would need to be defined either through signalling or fixed in the specification. The three alternatives that are available for consideration are listed in the agreement reproduced above.
Alternative 1: Signaling in MIB

After synchronization, the UE attempts to acquire the PBCH. After successfully decoding the PBCH, the legacy UE can extract system-bandwidth and PHICH configuration information from the MIB that allows it to look for scheduling information for SIB1. Other system information is subsequently acquired after decoding SIB1. RAN1 has recommended to RAN2 to consider introducing new SIBs for Rel-13 LC-MTC UEs [1]. In order for the Rel-13 LC-MTC UE to attempt to acquire the new SIB1 (referred to herein as M-SIB1), it needs to know where control/data reception starts. Using the first alternative, the CFI for M-SIB1 is signalled in the MIB, in which case the the Rel-13 LC-MTC UE would be able to start control/data reception immediately after extracting the information from the MIB. The CFI would apply to all subframes in the the LC-MTC region until changed in the MIB.
There are 10 spare bits in the MIB that could be used in the future. For the purpose of signalling the CFI, two of these bits could be used as shown in Table 1. The CFI column indicates the symbol index where the LC-MTC starts its control/data reception and also represents the number of symbols in the subframe used for legacy control. The newly used bits in the MIB message would be ignored by legacy UEs. The case of CFI = 0 may apply when there are no legacy UEs on the carrier or if LC-MTC UEs are scheduled in separate subframes from legacy UEs. As an example, a 1.4-MHz system may be configured only for LC-MTC UEs. 
Table 1. Signalling CFI in the MIB with 2 bits.
	Bit pattern
	CFI

	00
	0

	01
	1

	10
	2

	11
	3


The benefit of this approach is that the CFI can be semi-statically configured and spare bits of the MIB can be used for this purpose. There is no impact to legacy UEs. An added benefit of this approach is that the same bits can be used to implicitly indicate network support of Rel-13 LC-MTC UEs [2]. In addition, the M-SIB1 starting point would not have to be specified, thus smaller value than 3 can be used for M-SIB1 which would provide some performance gain. The drawback is that two spare bits in the MIB are used up for signalling to only Rel-13 LC-MTC UEs information that is likely to remain unchanged for a long time. 
Alternative 2: Signaling in SIB
As noted above, the LC-MTC UE needs to know when it can start control/data reception for it to be able to acquire at least the M-SIB1. The CFI for the M-SIB1 can be fixed, however, in which case the LC-MTC UE can acquire the M-SIB1 without requiring any new signalling. As illustrated in Figure 1, the CFI for subsequent messages can then be signalled in the M-SIB1 using 2 bits, similar to Table 1. Since the size of the control region used for the legacy UEs can span up to three symbols, the CFI for M-SIB1 should be fixed to 3. The benefit of this approach is again that the CFI can be semi-statically configured. Furthermore, spare bits in the MIB are not used for signalling rarely-changing information to a single category of UEs. The drawback is that the there is some wastage of resources when the legacy control region actually spans fewer than three symbols. Although this is limited to a single message (M-SIB1) within the 1.4-MHz LC-MTC bandwidth, there is some performance gain given the large number of repetitions required for coverage enhancement (e.g. 480 repetitions required at MCL of 155.7dB for TBS of 328 bits [3]).
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Figure 1. Signalling CFI in M-SIB1.
Alternative 3: Fixed in a specification for all subframes

In this alternative, the CFI is not signalled in the MIB or SIB, but is fixed to 3 (for the reason explained in Alternative 2). This means that the LC-MTC UE control/data reception always begins at symbol index 3 in every subframe. If the legacy control region spans fewer than 3 symbols, resources are wasted in every subframe. Thus, the benefit of not requiring any signalling to indicate the CFI would be offset by the wasted capacity in the LC-MTC region. Therefore, this is not a preferred alternative.
Proposal: The CFI is signalled either in the MIB or the SIB.
3
Conclusion
In this contribution, the three alternatives for providing the CFI where the UE can start control/data reception are discussed. Of the three, fixing the CFI in the specification for all subframes is not preferred because the disadvantage outweighs the benefit. The following proposal is made:
Proposal: The CFI is signalled either in the MIB or the SIB.
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