3GPP TSG-RAN WG1 Meeting #82bis
R1-155144
Malmö, Sweden, 5 – 9 October 2015
Agenda item:

7.2.1.6
Source:
Nokia Networks
Title:
SIB Transmission for MTC
Document for:

Discussion and Decision
1
Introduction
In RAN1#81 and RAN1#82, it was agreed that –

· The number of resource blocks used for MTC SIB transmission is fixed to 6 PRBs.

· Scheduling information for MTC SIB1

· TBS of MTC SIB1 is based on information in the MIB.

· Frequency location of MTC SIB1 is derived from at least PCID.

· Time location 

· Possible subframes are {0,4,5,9} for FDD and {0,5} for TDD. FFS subframes {1,6} for TDD. 

· FFS: Whether the subframes and frames are signaled in MIB and/or fixed/predefined in specification.

· Scheduling information for MTC SIBs other than MTC SIB1 are given in MTC SIB1.

· The number of repetitions for MTC SIBs other than MTC SIB1 is configurable by the network. 

· FFS: MTC SIB1.
· FFS: How the network will signal the number of repetitions
· At least in case the network supports enhanced coverage, frequency hopping for MTC-SIB1 is always used at least system bandwidth >= 5MHz.

· Option A: MTC-SIB1 frequency hopping takes place between 2 narrowbands in the cell.

· Option B: MTC-SIB1 frequency hopping takes place between 2 or 4 narrowbands as indicated in MIB.

· Working assumption: The mentioned narrowbands are determined based on cell ID and system bandwidth. 

· Working assumption: The hopping sequence between these narrowbands is determined based on cell id and subframe index (and/or SFN).
· MTC-SIB1 repetition - for SI transmission:

· At least the following are predefined or derived from MIB:

· (a) periodicity of MTC-SIB1 transmission

· (b) repetition number within the periodicity of MTC-SIB1 transmission
In addition, it was agreed in RAN2#90 that –

· The UE determines the TBS of SIB1x based on information in MIB (not a single fixed TBS)

· Acquisition of SI messages across SI windows is used for Rel-13 LC/CE (provided multiple HARQ buffers/parallel accumulation is feasible)

In this contribution, we discuss the remaining details of SIB transmission for Rel-13 low-complexity UE and/or UE in enhanced coverage.
2
MTC SIB Transmission
MTC SIB1
MTC SIB simulation results from [1] show that time diversity (i.e. spreading out SIB transmissions across time) can improve performance substantially at very low SNRs. This gain is in addition to frequency hopping and multi-subframe channel estimation gain. Figure 1 illustrates this gain for TBS of 1000 bits at SNRs of -4 and -14.3 dB. From the figure, it is seen that transmitting the SIB every 20ms provides substantial gain at -14.3 dB (220 repetitions for MTC SIB sent every 20ms instead of 320 repetitions for MTC SIB sent every 1ms). As a result, MTC SIBs should be transmitted discontinuously to take the advantage of time diversity. Results from Figure 1 shows that further gain is also possible if the periodicity is 40ms instead of 20ms. However, the gain is not as substantial. Naturally, the period should be selected to balance acquisition delay and diversity gain. As a result, the initial proposal is to use 20ms as the period although other values are also possible. In this case, the overhead from MTC SIB1 is approximately 0.6% for a 10MHz system. This is the same overhead as legacy SIB1 transmission where the SIB1 is transmitted every 80ms using 24 PRBs.
For MTC SIB1, the period can be defined in the specification similar to legacy SIB1 transmission. For other MTC SIBs, the periods can be provided in MTC SIB1 as part of the scheduling information for other MTC SI messages. Because the UE is able to understand exactly at which subframe the SI message is transmitted over PDSCH, the implementation complexity for combining the various repetitions of each SI-messages could be lower as a consequence. The possible subframes are {0,4,5,9} for FDD and {0,5} for TDD and it can be fixed in the specification which subframe to be used. One possibility is to select subframe 0 or 5 so both FDD and TDD can use the same subframe.
Proposal 1: MTC SIB1 is transmitted periodically every [20] ms with the subframes fixed in the specification.
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Figure 1. MTC SIB performance at SNR of -4 and -14.3 dB (TBS = 1000 bits, 1Tx-2Rx, EPA1, Fo=100Hz).

Table 1 provides the acquisition time for MTC SIB1 with 20ms transmission period. From the table, it is seen that the acquisition time is very small for SNR=-4dB. For the worst case of SNR=-14.3dB, the acquisition time is at most 4.4 seconds for the maximum MTC SIB size of 1000 bits. This acquisition time is acceptable given that the UE only has to acquire SIB1 prior to the initial access to a cell and that SIB1 information is likely to remain static for a long time. Also note that this acquisition is targeting 1% BLER. For 10% BLER, the acquisition time is 3.4 secs which means that most UEs with SNR of -14.3 dB would have acquired MTC SIB1 by then. 
Table 1. MTC SIB1 acquisition time (20ms periodicity, EPA1).
	TBS
	Acquisition Time (secs)

	
	SNR = -4dB
	SNR = -14.3dB

	
	10% BLER
	1% BLER
	10% BLER
	1% BLER

	328
	0.08
	0.14
	1.28
	1.92

	504
	0.12
	0.20
	1.88
	2.60

	1000
	0.20
	0.32
	3.40
	4.40


Since the number of resource blocks for each MTC SIB transmission is fixed to 6 PRBs, only the starting PRB location need to be determined. It has been agreed that, at least in case the network supports enhanced coverage, frequency hopping for MTC SIB1 is always used at least system bandwidth >= 5MHz. From previous results, it has been shown frequency hopping can provide significant gain, especially at 1% BLER target. Furthermore, Table 1 shows that a significant number of repetitions would be required even when enhanced coverage is not used. Therefore, it is proposed that frequency hopping for MTC SIB1 is also supported.
Proposal 2: Frequency hopping for MTC SIB1 is always used at least system bandwidth >= 5MHz even if the network does not support enhanced coverage. 
For frequency hopping, two options are possible - Option A: MTC-SIB1 frequency hopping takes place between 2 narrowbands in the cell, and Option B: MTC-SIB1 frequency hopping takes place between 2 or 4 narrowbands as indicated in MIB. To simplify the operation, the pattern can be fixed in the specification. This eases the UE implementation and requires no scheduling information related to hopping to be carried in MIB. Previous performance results showed that there is only a small difference for hopping between 2 and 4 narrowbands. Therefore, it is proposed that MTC SIB1 hopping takes place between 2 narrowbands in the cell. 
Proposal 3: MTC-SIB1 frequency hopping takes place between 2 narrowbands in the cell with narrowband location derived from PCID, SFN and the system bandwidth.
Given that the number of resource blocks and transmission time are fixed, only the TBS would need to be signalled in the MIB. It is expected that 2-3 bits would be sufficient to cover the range of expected MTC SIB1 sizes. 

Proposal 4: The TBS for MTC SIB1 is given in the MIB.
Other MTC SIBs
The scheduling information for MTC SIBs other than MTC SIB1 is given in MTC SIB1 and the number of repetitions for MTC SIBs other than MTC SIB1 is configurable by the network. As shown in Figure 1, transmission for other SIBs will also benefit from discontinuous transmission. In this case, however, the scheduling information is up to the eNB. Since combining across windows is supported based on RAN2’s decision, both continuous and discontinuous transmission can be supported within the SI window. In this case, the scheduling information can be given by the following parameters - starting subframe (e.g. given as an offset from the start of the window), repetition interval, and number of repetition. The repetition interval is used to configure the interval between repetitions, and can be configured to support both continuous and discontinuous repetitions. 
Proposal 5: Time scheduling information for other SIBs is given by starting subframe, repetition interval, and number of repetition.
In addition to time scheduling information, frequency location must also be specified. The starting PRB can be provided together with 1-2 bits to denote frequency hopping. Predefined hopping patterns can be defined in the specification (e.g. 1/2 bandwidth, mirror, etc.) to reduce the number of signalling bits to be sent.

Proposal 6: Frequency scheduling information for other SIBs is given by starting PRB and frequency hopping pattern.
3
SI Acquisition Across Windows
In RAN2#90, it was agreed that acquisition of SI messages across SI windows is used for Rel-13 LC/CE (provided multiple HARQ buffers/parallel accumulation is feasible). This is shown in Figure 2 provided multiple HARQ buffers/parallel accumulation is feasible. 
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Figure 2. MTC SIB combining across windows.

The total number of soft channel bits for Rel-12 Cat-0 UE is 25344 which support 8 unicast HARQ processes. In addition, the UE has an additional HARQ buffer for receiving up to 2216 bits of another transport block associated with P-RNTI/SI-RNTI/RA-RNTI [2]. Rel-13 LC MTC UE would have the same amount of HARQ buffers for unicast traffic since the UE can receive PDSCH in every subframe in FDD. In addition, it could also have an additional soft buffer for receiving up to 1000 bits for another transport block associated with P-RNTI/SI-RNTI/RA-RNTI. As a result, Rel-13 LC MTC UE would have enough HARQ buffers to receive 9 transport blocks of size 1000 bits each.

For UEs operating in CE mode, 1, 2 or 4 HARQ processes have been proposed in RAN1#82. In [3], it is shown that only 1 HARQ process is sufficient. Thus, there should be some HARQ buffers available for SI acquisition. In this case, there would not be any problem to support SI accumulation across windows. For UEs in normal coverage mode, though the HARQ buffer applied for SI acquisition might be limited as it could support more HARQ processes, accumulation across windows may not be required as UEs may be able to decode the SI within the window. If accumulation across windows is needed, the actual number of available HARQ buffers depends on how many unicast HARQ processes are being used at the moment. Since MTC traffic is mostly uplink reporting, not all unicast HARQ processes may be used up in normal coverage mode. Therefore, some HARQ buffers should be available for SI accumulation and combining.  In addition, the eNB could also avoid this problem for UEs not operating CE by scheduling sufficient number of SI transmissions within the window. Therefore, acquisition of SI messages across SI windows is feasible.
Observation: Acquisition of SI messages across SI windows is feasible.
4
Conclusion
In this contribution, we consider MTC SIB transmission and scheduling and make the following proposals and observation –

Proposal 1: MTC SIB1 is transmitted periodically every [20] ms with the subframes fixed in the specification.
Proposal 2: Frequency hopping for MTC SIB1 is always used at least system bandwidth >= 5MHz even if the network does not support enhanced coverage. 

Proposal 3: MTC-SIB1 frequency hopping takes place between 2 narrowbands in the cell with narrowband location derived from PCID, SFN and the system bandwidth.
Proposal 4: The TBS for MTC SIB1 is given in the MIB.
Proposal 5: Time scheduling information for other SIBs is given by starting subframe, repetition interval, and number of repetition.
Proposal 6: Frequency scheduling information for other SIBs is given by starting PRB and frequency hopping pattern.
Observation: Acquisition of SI messages across SI windows is feasible.
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