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Introduction
Related to System Information scheduling it was agreed in RAN1#Ad-hoc2 that [3]:
· SI scheduling
· SI scheduling information is provided in NB-SIB1.
· One transport block of an SI message is transmitted over 8 consecutive valid DL subframes. 
· SI scheduling information is given by –
· TBS (2 bits)
· Values to be decided by RAN2, possible values are {208, 256, 328, 440, 552, 680}
· Repetition pattern
· Number(s) of repetitions (set of values up to RAN2)
· Time interval(s) between repetitions (set of values up to RAN2)
· Note that which is the first subframe for the repetition pattern relative to the start of the SI window is up to RAN2 to define. 

Further, it was in the way-forward from RAN2#93bis agreed that [2]:
· The value range of si-WindowLength for NB-IoT is ENUMERATED {ms160, ms320, ms640, ms960, ms1280, ms1600, spare}.
· The value range of si-Periodicity for NB-IoT is ENUMERATED {rf256, rf512, rf1024, rf2048, rf4096, rf8192, rf16384}. 
· As a baseline, the maximum value range of BCCH modification period can be set up to 1310.72s The Value is assumed to be defined as Paging Cycle * Coefficient
· The TBS of NB-SIB1 and other SIBs are {208, FFS, FFS, 680}. We will reconsider the FFS-marked values when SI contents has been settled
· The repetition is the same as for eMTC (number of repetitions, timer interval between repetitions). 
In this contribution, the remaining aspects with regards to System Information scheduling for NB-IoT is discussed further.
[bookmark: _Ref178064866]Discussion
For SI-message scheduling, there are still a number of open issues that needs to be resolved. These are discussed in the sections below and for each issue a solution is proposed.  
System Information message repetition
[bookmark: _Toc438290313][bookmark: _Toc439849836]It is agreed to define the SI repetitions in the same way as for eMTC: “The repetition is the same as for eMTC (number of repetitions, timer interval between repetitions)”, in which the SI message is repeated in all valid subframes of every/every 2nd/every 4th/every 8th  radio frame [5]. However, in NB-IoT a transport block is spread over multiple subframes according to RAN1 agreement: “One transport block of an SI message is transmitted over 8 consecutive valid DL subframes”, therefore some adaptation to the eMTC repetition concept is required for NB-IoT. In eMTC, one repetition is one subframe but according to the above agreement one repetition in NB-IoT is 8 consecutive subframes. Therefore it makes sense to only allow at most one NB-IoT repetition per radio frame. The straight forward adoption of agreement is therefore that NB-IoT has a SI message repetition in {all, every 2nd, every 4th, every 8th} radio frame. 
However, if there are not 8 valid subframes in a radio frame, the SI message transmission might extend in the subsequent subframe which might cause a collision. The reason for postponed subframes for SI message transmission can be due to NSSS/NPSS, NPBCH, SIB1-NB, or the ‘valid DL subframe’ bitmap in SIB1-NB. To better understand how many subframes of a radio frame might be invalid more detailed description of these are given below:
NSSS/PSSS: NB-PSS is transmitted in subframe 5 with a periodicity of 10 ms, and NB-SSS is transmitted in subframe 9 with a periodicity of 20 ms [1], [4]. Further, SI-message transmissions on these SFs would be postponed according to [4]:
· Valid subframe configuration
· Valid subframe configuration are optionally bit-map configured over 10ms or 40ms for inband and 10ms for standalone/guardband by NB-SIB1.
· NOTE: For standalone/guardband this optional signaling may be useful for future coexistence
· In the subframes that contain PSS/SSS/PBCH/NB-SIB1 in the carrier that contain PSS/SSS/PBCH/NB-SIB1
· these subframes are invalid subframes i.e. to postpone the transmission regardless of the signalling.
· For the remaining subframes,
· If no bit-map is provided, these subframes are valid subframes
· Otherwise, to follow the signalling.

NPBCH: Occupies subframe#0 in every radio frame. SI-message transmissions in these subframes are postponed according to the above agreement.
SIB1-NB: Transmitted in SF#4 in every 2nd RF, either in every 16 RF-group (16 repetitions), every 2nd 16 RF-group (8 repetitions), or every 4th 16-RF group (4 repetitions) within 256 radio frames [1]; offset depending on PCID. SI-message transmissions in these subframes are postponed according to the above agreement.
Valid subframes bitmap: SI-message transmission in the subframes indicated as invalid are postponed until the next valid subframe according to the above agreement.
PRS: RAN1 agreement [4]: “There is no NB-IoT signaling of LTE CSI-RS or PRS”. PRS would have to be indicated in the valid DL-subframes bitmap in SIB1-NB for the in-band case. Therefore this is covered above.
Transmission gaps: Agreed by RAN1 that [4]: ”DL transmission gap does not apply to SIB transmission.”. Therefore this has no impact on SI-message transmission.

Because of the above, there will always be some radio frames where there are maximum 6 subframes available due to NPSS, NSSS, NPBCH and SIB1-NB (see Figure 1).
[image: ]
[bookmark: _Ref449445109]Figure 1: Available subframes for SI-message transmission (not considering the 'valid DL subframes’-bitmap in SIB1-NB).
Therefore we propose to specify SI-message repetitions as one per radio frame and extend the range somewhat compared to eMTC according to the following:
[bookmark: _Toc449370692][bookmark: _Toc449454324][bookmark: _Toc449538246][bookmark: _Toc449549439][bookmark: _Toc449564669][bookmark: _Toc449565659][bookmark: _Toc449567001]System Information message is repeated once in {every 2nd, every 4th, every 8th, every 16th} radio frame within an SI window.
Since DL transmission gaps do not apply to SI-messages, yet another argument for excluding the ‘every radio frame’ value could also be beneficial to avoid SI-message transmissions blocking the DL for longer periods of time (e.g. up to around ‘nr of SI-messages’ x ‘siWindow-Length’ = 8 x 1600 ms = 13 s). 
In legacy LTE, SI-message transmissions are scheduled dynamically by PDCCH within the SI-window. For eMTC and NB-IoT the scheduling is instead semi-statically indicated in SIB1bis or SIB1-NB. For eMTC the amount of repetition is common for all SI-messages (i.e. not as illustrated in Figure 2 below) and the SI-periodicity is the only SI-message specific parameter.

[image: ]
[bookmark: _Ref449445517]Figure 2: Schematic illustration of SI-message scheduling with SI-message specific amount of repetition.
This leaves very limited possibilities for configuring the SI-message broadcast and it becomes problematic to provide an optimal configuration when one large SI-message with a requirement for a short acquisition time and one small SI-message without strict requirements need to be broadcasted. In this it would be better if the first SI-message could be transmitted with a high repetition within the SI-window (and short SI-periodicity) and the second SI-message with low repetition (and a long SI-periodicity). Therefore we propose the following:
[bookmark: _Toc449454325][bookmark: _Toc449538247][bookmark: _Toc449549440][bookmark: _Toc449564670][bookmark: _Toc449565660][bookmark: _Toc449567002]System information repetition factor is indicated per SI-message in SIB1-NB.

Radio Frame Offset
As a means to reduce the SI message inter-cell interference or increase the eNB scheduling flexibility, an offset can be introduced for SI messages. RAN1 agreed that such an offset would be up to RAN2: “Note that which is the first subframe for the repetition pattern relative to the start of the SI window is up to RAN2 to define”. However, since it is agreed that “One transport block of an SI message is transmitted over 8 consecutive valid DL subframes”, defining the SI message offset in terms of a number of subframes would be problematic since a larger offset would lead to that a substantial amount of these 8 subframes would not fit in the radio frame. Even if ‘every 2nd radio frame’ is the minimum value for the repetition, this could still lead to collision between SI-message repetitions when some subframes are invalid according to the ‘valid DL subframes’ bitmap in SIB1-NB.
Defining the SI message offset in terms of a number of subframes would be problematic since the transport block would often not fit in the radio frame.
To avoid overlap it is better to define the SI message offset in terms of number of radio frames. Therefore the following is proposed: 
[bookmark: _Toc449370694][bookmark: _Toc449454327][bookmark: _Toc449538249][bookmark: _Toc449549441][bookmark: _Toc449564671][bookmark: _Toc449565661][bookmark: _Toc449567003]SI message transmission starts in the first valid subframe of the radio frame and an optional offset is defined in terms of a number of radio frames.
The remaining questions are the range of the offset, if the offset is SI-message-specific and how it is signalled

SI message transport block sizes
It was agreed by RAN1 that the SI message transport block is always spread over 8 consecutive subframes with 4 out the following sizes {208, 256, 328, 440, 552, 680}. These are the values from the 8 subframe-column for the agreed NPDSCH TBS selection table shown in the Appendix. However, the smallest TBS of 208 bits can potentially be problematic for smaller SI messages. For example, SIB14-nb will in many cases be configured for a single PLMN, or have a common setting for all PLMNs, being only 18 bits[footnoteRef:1]. Transmitting that with a 208 bit TBS would lead to an unnecessarily long transmission time and unnecessarily high resource consumption, 300% higher for ITBS=0, and 500% higher for ITBS=1. This will have negative impact on battery life for the UE and DL capacity for the NW. [1:  It may be motivated to have SIB14-nb in its own SI-message not to broadcast it when Access Barring is not enabled and/or to have a short re-acquisition time upon barring re-attempt.] 

The minimum transport block size of 208 can unnecessarily increase the transmission times and resources consumption by up to 500%.  
Therefore it is a more efficient solution to allow one additional bit for the signalling of TBS selection. That is including 3 bits in SIB1-NB per SI-message, rather than having, in the worst case, 190 bits of padding for a SI-message.
[bookmark: _Toc449370695][bookmark: _Toc449454328][bookmark: _Toc449538250][bookmark: _Toc449549442][bookmark: _Toc449564672][bookmark: _Toc449565662][bookmark: _Toc449567004]SI-message TBS is signalled by 3 bits in SIB1-NB and the range is {56, 120, 208, 256, 328, 440, 552, 680}. The number of subframes for transmission of TBS < 208 bits is up to RAN1 (an LS should be sent to RAN1).
The inclusion of the two smaller transport block size values is further motivated by the SIB size estimates found in Appendix 5.2.
SI-message periodicity range
According to the RAN2 way-forward on SI-message scheduling the value range of the SI-Window would be {ms160, ms320, ms640, ms960, ms1280, ms1600, spare}. This is reasonable since the range is roughly a factor x6 times the agreed range for eMTC, thereby compensating for the more narrow transmission bandwidth. Further, with the proposed repetition in this contribution the number of repetitions would range from 1 to 80 per SI-Window which gives a reasonable amount of configurability. (This since it is a better design choice to for a given system overhead to let UEs in high CCs accumulate over several SI-windows rather than providing all repetitions within one SI-window which will penalize the majority of UEs in good coverage giving them longer acquisition time). However, for the SI-message periodicity the value range is {rf256, rf512, rf1024, rf2048, rf4096, rf8192, rf16384}, a factor x30 of that agreed for eMTC. In our view this in unnecessarily long. Although not explicitly mentioned in the WID, a latency requirement of 10 seconds is often mentioned in the context for IoT. The highest value in the range would lead to a SI acquisition time of up to 163 seconds which is therefore hard to motivate. The only way to motivate such a high number would perhaps be if very many repetitions are included in the SI-window for UEs in the highest coverage class and that therefore the SI-periodicity must be selected to be long in order to keep down the system overhead. This is however a bad configuration since also UEs in good coverage would also suffer from a very long acquisition time for this SI-message. Instead it is much better to include fewer repetitions in SI-windows of a much shorter SI-periodicity. This will lead to the same acquisition time for the UE in bad coverage but much shorter acquisition time for the majority of UEs which are in relatively good coverage. We therefore propose the following:
[bookmark: _Toc449549443][bookmark: _Toc449564673][bookmark: _Toc449565663][bookmark: _Toc449567005]The value range of si-Periodicity for NB-IoT is ENUMERATED {rf64, r128, rf256, rf512, rf1024, rf2048, rf4096}.
[bookmark: _GoBack]This is close to an extension of the eMTC range by a factor x6, and further these values would allow for configuration with a system OH per SI-message as low as 0.02% (SI-window=160ms, repetitions every 16th radio frame, and SI-periodicity of 4096 radio frames giving 8/10*1/4096*100=0.02%), which should be low enough for any need.  
Maximum number of SI-messages
In legacy LTE up to 8 SI-messages can be defined. Although the number of SIBs required for NB-IoT is somewhat lower we see no strong reason to change this and therefore propose the following:
[bookmark: _Toc449549444][bookmark: _Toc449564674][bookmark: _Toc449565664][bookmark: _Toc449567006]Up to 8 SI-messages can be configured for NB-IoT.

Conclusion
In this contribution we have discussed the access control for NB-IoT. In section 2 we made the following proposals:
Proposal 1	System Information message is repeated once in {every 2nd, every 4th, every 8th, every 16th} radio frame within an SI window.
Proposal 2	System information repetition factor is indicated per SI-message in SIB1-NB.
Proposal 3	SI message transmission starts in the first valid subframe of the radio frame and an optional offset is defined in terms of a number of radio frames.
Proposal 4	SI-message TBS is signalled by 3 bits in SIB1-NB and the range is {56, 120, 208, 256, 328, 440, 552, 680}. The number of subframes for transmission of TBS < 208 bits is up to RAN1 (an LS should be sent to RAN1).
Proposal 5	The value range of si-Periodicity for NB-IoT is ENUMERATED {rf64, r128, rf256, rf512, rf1024, rf2048, rf4096}.
Proposal 6	Up to 8 SI-messages can be configured for NB-IoT.
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[bookmark: _Ref449342223]Appendix
NPDSCH TBS selection table
In [3] RAN1 agreed the following TBS selection table for NPDSCH, column 8 proposed for SI:
	 
	Subframes

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	0
	16
	32
	56
	88
	120
	152
	176
	208
	224
	256

	1
	24
	56
	88
	144
	176
	208
	224
	256
	328
	344

	2
	32
	72
	144
	176
	208
	256
	296
	328
	376
	424

	3
	40
	104
	176
	208
	256
	328
	392
	440
	504
	568

	4
	56
	120
	208
	256
	328
	408
	488
	552
	632
	696 680

	5
	72
	144
	224
	328
	424
	504
	600
	680
	776
	872

	6
	328 88
	176
	256
	392
	504
	600
	712
	808
	936
	1032

	7
	104
	224
	328
	472
	584
	712 680
	840
	968
	1096
	1224

	8
	120
	256
	392
	536
	680
	808
	968
	1096
	1256
	1384

	9
	136
	296
	456
	616
	776
	936
	1096
	1256
	1416
	1544

	10
	144
	328
	504
	680
	872
	1032
	1224
	1384
	1544
	1736

	11
	176
	376
	584
	776
	1000
	1192
	1384
	1608
	1800
	2024

	12
	208
	440
	680
	904
	1128
	1352
	1608
	1800
	2024
	2280

	13
	224
	488
	744
	1000
	1256
	1544
	1800
	2024
	2280
	2536



[bookmark: _Ref449566435]NB-IoT SIB size estimates
Below are examples assuming typical cases with one PLMN and no multi-band (a somewhat typical scenario):

SIB1: 		~120 bits
SIB2: 		~140 bits
SIB3:	 	~40 bits
SIB4: 		~23 bits for a first neighbor and additional 15 bits per extra cell (e.g. 8 neighbours -> ~128 bits)
SIB5:	 	~84 bits for 2 carriers
SIB14: 	~22 bits
SIB16: 	~63 bits

In addition, SIBs can be packaged in SI containers: SI container = ~12 bits for the first SIB + 4 bits per additional SIB.
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