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Discussion and Decision
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Introduction
In RAN1#83, it was agreed that –

· Master information broadcast is carried by a first physical channel 

· The first physical channel has no accompanying control channel

· System information broadcast is carried by a second physical channel 

· FFS how the UE determines the time/frequency resources for the second physical channel carrying the system information broadcast 

In this contribution, we consider SIB transmission for NB-IoT.
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SIB1 Transmission
The following RAN2 agreements are relevant for SIB1 transmission –

· System information other than that contained in MIB is grouped into different SIBs (SIB1, SIB2, etc).

· Different SIBs can be scheduled with different periodicity. 

· The periodicity of SIB1 can be fixed while periodicity of other SIBs can be indicated in SIB1. 

· A variable SIB size should be supported. RAN1 should provide input on (1) the maximum TB size for broadcast transmission and (2) whether the TB size for broadcast transmission is variable or fixed. 

· We assume that system information scheduling is PDCCH-less, i.e. parameters (e.g. time/frequency location and MCS/TBS) are fixed or indicated with scheduling information in MIB or SIB1, instead of dynamically indicated on PDCCH (this need RAN1 confirmation)
Based on RAN2 agreements, we must support variable SIB1 sizes while the periodicity of SIB1 is fixed. Thus, we can trade off acquisition time versus SIB1 size. 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 multi-subframe channel estimation gain. As a result, NB-IoT SIBs should be transmitted discontinuously to take the advantage of time diversity. Naturally, the period should be selected to balance overhead, acquisition delay, and diversity gain.
Figure 1 shows the performance of SIB1 for two transport block sizes – 152 and 328 bits in in-band operation. Performance is evaluated using in-band operation since this is the worst case of all the operation modes. For 152 bits, 128 repetitions are used while for 328 bits, 256 repetitions are used. The figure shows performance for different periodicities. From the figure, it can be seen that both time diversity improves performance significantly. With SIB1 size of 152 bits, the acquisition time will be 2560ms with 20ms periodicity and 5120ms with 40ms periodicity. With SIB1 size of 328 bits, acquisition time will approximately double. Since SIB1 size may be larger than 328 bits, 20ms periodicity seems like a good choice. With 20ms periodicity, the overhead from SIB1 will be 5% which is acceptable. Therefore, it is proposed that SIB1 is transmitted every 20ms.

For stand-alone and guard-band operations, all subframes are available for SIB1 transmission. However, for in-band operation, only non-MBSFN subframes may be used. Thus, for FDD, subframes 0,4,5,9 are available while, for TDD, subframes 0,1,5,6 are available. For FDD, since subframe 0, 4, and 5 have been proposed for synchronization and NB-PBCH, it is proposed that SIB1 is transmitted in subframe #9.

Proposal 1: NB-IoT SIB1 is transmitted in subframe #9 of every odd radio frames and occupies the entire PRB.
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(a) TBS = 152 bits
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(b) TBS = 328 bits


Figure 1. Performance of SIB1 for in-band operation – no frequency hopping (solid lines) and with frequency hopping (dashed lines).
In addition, redundancy version cycling should be used for SIB1 as the amount of information that can be transmitted in a single PRB is limited. Depending on the transport block size, the UE may need to accumulate several transmissions before the transmission is self-decodable. The number of redundancy version will depend on the maximum transport block size and be based on the design adopted by the NB-PDSCH. However, it is seen that redundancy version cycling is needed for SIB transmission. It is FFS how to determine the beginning of the redundancy version cycle.
Proposal 2: Redundancy version cycling is used for NB-IoT SIB1. FFS the start of the cycle. 
Results from Figure 1 shows that the UE needs to accumulate many SIB1 transmissions prior to successful decoding. Thus, the content of SIB1 should remain constant over K radio frames. The value K will depend on the maximum TBS value for SIB1. As an example, the time to acquire SIB1 of size 328 bits is approximately 5.1secs in in-band operation. This, however, does not account for implementation margin yet. So, if the maximum SIB1 TBS size is 328 bits, the content of SIB1 may need to remain constant for 1024 radio frames. 
Proposal 3: The content of SIB1 remains constant over K radio frames. The content of SIB1 can change at SFN mod K = 1.
3

SI Transmission
Subsequent to SIB1 acquisition, the UE would be able to acquire other SIBs from SI transmissions. According to RAN2 agreement, the SI message concept from LTE is applied also in NB-IoT. In addition, SI scheduling is without the NB-PDCCH, i.e. parameters (e.g. time/frequency location and MCS/TBS) are fixed or indicated with scheduling information in MIB or SIB1. Since some flexibility would be needed in SI scheduling, it is proposed that the SI scheduling information is provided in SIB1.
Proposal 4: SI scheduling information is provided in SIB1.
To support different coverage levels, acquisition of SI messages across SI windows should be used as shown in Figure 2. However, because of the low-complexity nature of the UE (e.g. UE may support only 1 HARQ process), the UE is not expected to accumulate several SI messages in parallel.
Proposal 5: UE can accumulate SI message across multiple SI windows. UE is not required to accumulate several SI messages in parallel.
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Figure 2. SI combining across windows.

The number of repetitions for other SIs should be configurable by the network to provide flexibility. Transmission for other SIs will also benefit from discontinuous transmission. In this case, however, the scheduling information is up to the eNB. Since combining across windows should be supported, both continuous and discontinuous transmission can be allowed 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 repetitions. The repetition interval is used to configure the interval between repetitions, and can be configured to support both continuous and discontinuous repetitions. 
Proposal 6: Scheduling information for other SIs is given by TBS, starting subframe offset within the SI window, repetition interval, and number of repetition.

4
Conclusion
In this contribution, we consider SIB transmission for NB-IoT. Based on our analysis, we make the following proposals –

Proposal 1: NB-IoT SIB1 is transmitted in subframe #9 of every odd radio frames and occupies the entire PRB.
Proposal 2: Redundancy version cycling is used for NB-IoT SIB1. FFS the start of the cycle. 

Proposal 3: The content of SIB1 remains constant over K radio frames. The content of SIB1 can change at SFN mod K = 1.
Proposal 4: SI scheduling information is provided in SIB1.
Proposal 5: UE can accumulate SI message across multiple SI windows. UE is not required to accumulate several SI messages in parallel.
Proposal 6: Scheduling information for other SIs is given by TBS, starting subframe offset within the SI window, repetition interval, and number of repetition.
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