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Introduction
During RAN2#91bis it was agreed to have an email discussion on system information scheduling for NB-IOT as described below:
[91bis#47][NB-IOT] System information scheduling (Ericsson)
-	Discuss SI scheduling, identify and analyse the options
-	Intended outcome: Email discussion report into next meeting



The deadline of the email discussion is Thursday, 2015-11-05, 23:59 Pacific Time; companies are welcome to provide their comments preferably before Tuesday 2015-11-03 to conclude the discussion on time.
[bookmark: _Ref178064866]Discussion
In RAN2#91bis it was agreed that LTE and eMTC will be used as a starting point for the SI analysis in NB-IoT and that enhancements will be considered [1]. The other agreements related to SI during RAN2#91bis can be found in the appendix. A description of the SI scheduling in eMTC is provided below for reference.
SI scheduling in eMTC
SI acquisition in eMTC is similar to that in LTE and starts with the acquisition of MIB, followed by SIB1, and then finally the SI messages. The main difference from LTE is that eMTC is PDCCH-less, i.e, the resource allocation for SIB1 and the SI messages are (semi-) statically configured rather than dynamically indicated on PDCCH. Another difference is that maximum transport block size for broadcast signalling is reduced in eMTC (from 2216 bits to around 1000 bits) which limits the maximum SIB size.
Scheduling of MIB
MIB consists of a limited amount of information that a UE needs to acquire the rest of the system information. It has a fixed size and uses a fixed resource mapping. 
Scheduling of SIB1
SIB1[footnoteRef:1] contain information mainly related to whether a UE is allowed to camp on the cell (e.g. PLMN identity, cell barring, q-RxLevMin, etc) as well as scheduling information for the other SIBs. In eMTC, SIB1 is semi-statically scheduled and all scheduling parameters are either fixed or indicated in MIB. This is a difference to LTE where SIB1 uses a fixed scheduling in the time domain but other scheduling parameters (e.g. frequency location and MCS/TBS) are dynamically indicated via PDCCH. [1:  SIB1 for eMTC is called SIB1bis in the specifications to distinguish it from the legacy SIB1 in LTE.
] 



[bookmark: _Ref432746774]Figure 1: SIB1 scheduling in time domain
Figure 1 shows the scheduling of SIB1 in the time domain. Here SIB1 uses a fixed schedule with a periodicity of 80ms and repetitions made within 80ms. The first transmission of SIB1 is scheduled in subframe #5 of radio frames for which the SFN mod 8 = 0, and repetitions are scheduled in subframe #5 of all other radio frames for which SFN mod 2 = 0. Note though that the periodicity and repetition pattern of SIB1 for eMTC is still under study in RAN1/2.
Scheduling of other SIBs
SIBs other than SIB1 are mapped to SI messages which are transmitted periodically within non-overlapping SI windows. The SIB-to-SI mapping and the duration and periodicity of the SI window are configured in SIB1. Unlike in legacy LTE, the transmission occasions within the SI window and other scheduling parameters (e.g. frequency location and MCS/TBS) of the SI message are, in eMTC, also indicated in SIB1. Thus, the SI message transmission in eMTC is PDCCH-less.
Figure 1 illustrates the SI message transmission in eMTC. In this example, two SI messages (SI-1 and SI-2) are broadcasted in the cell with different periodicities. Since SI-1 is considered more time critical than SI-2 it is transmitted twice as often.



The most straightforward approach to ensure that a UE in poor coverage can decode an SI message is to increase the length of the SI window and the number of repetitions it contains. However, since the periodicity has to be increased proportionally to SI window length if the system overhead is to remain constant, this implies a longer acquisition time for those UEs that only require a few repetitions. Due to this reason a different approach was adopted in eMTC where the UE combines SI message repetitions across SI windows. With this approach the SI window can be short and frequent which improves the acquisition time for UEs in good/medium coverage, at the same time as UEs in poor coverage are still be able to decode the SI message. 
Note that SI message acquisition across SI windows requires a larger soft buffer compared to the single SI window approach. The required soft buffer size when multiple SI messages are acquired in parallel across SI windows is proportional to the total size of the SI messages, i.e. . On the other hand, when SI messages are read one-by-one using the single SI window approach, the size of the soft buffer is proportional to the largest SI message, i.e. . However, since the same soft buffer can be utilized for both SI and unicast data this does not necessarily affect the total soft buffer size in the UE (unlike in LTE, broadcast and unicast data do not need to be acquired in parallel in eMTC). As long as the soft buffer required for unicast data is larger than , the overall buffer requirement remains the same even if SI messages are acquired across SI windows.

SI scheduling in NB-IoT
[bookmark: _Ref432760775]Below follows a number of discussion points on system information scheduling based on system information handling in LTE and eMTC as the baseline. On each point, companies are invited to provide their understanding/view and justification for potential adaptations, if any.

Discussion point 1. In NB-IoT, MIB consists of a very limited amount of information that is required to acquire the rest of the system information. It has a fixed size and uses a fixed resource mapping. Companies are requested to confirm this understanding. If you disagree, please justify your response.
Table 1. Company view on Discussion point 1
	Company name
	Comments

	Ericsson
	Having a fixed MIB size and fixed resource mapping appears to be the only option considering that MIB is the first element that the terminal reads after synchronization. We also agree that we should avoid including information in MIB that can be included in one of the SIBs to keep the size of MIB to a minimum.

	LGE
	Basically, we think LTE including eMTC is used as a starting point for system information as RAN2 has agreed in the last meeting. Regarding this point, agree with Ericsson.

	SHARP
	Agree, but it should base on the PHY design in RAN1. The MIB may have different fixed size and fixed resource mapping for different PHY design.

	Intel
	Agree. FFS if MIB fixed size and the fixed resource mapping needs to be different than legacy, but discussion should wait for RAN1 progress in the PHY designs

	ZTE
	Basically agree with the above companies. We think the MIB for NB-IoT should be separated from the MIB for leagcy LTE and eMTC, and the specific fixed size and fixed resource mapping for NB-IoT MIB should be further discussed.

	Nokia Networks
	Agree

	NEUL/ HUAWEI
	Basically we agree with havig a fixed size and fixed resource allocation for the MIB. 
We also agree that the parameters included in the MIB should be kept to a minimum but we need also to consider the UE power consumption when deciding where to carry some parameters, e.g. VT.

	FUJITSU
	Agree on a fixed MIB size and fixed resource mapping

	QC
	Agree with ZTE.

	Samsung
	We are OK on fixed MIB size and fixed resource mapping




Discussion point 2. [bookmark: _Ref432761301]In NB-IoT, system information other than that contained in MIB is grouped into different SIBs (i.e. SIB1, SIB2, …). Companies are requested to confirm this understanding. If you disagree, please justify your response. Note that the purpose of this discussion point is mainly to establish a common terminology; it does not imply that the grouping of system information into SIBs will be the same as in LTE/eMTC nor does it imply a separate treatment of SIB1 and SI messages.
Table 2. Company view on Discussion point 2
	Company name
	Comments

	Ericsson
	Most companies should agree that some form of grouping of the system information will be needed. The only issue then is the term used for the grouping container. Using the term SIB is in line with the general agreement from RAN2#91bis to “reuse as much as reasonable w.r.t. eMTC and eDRX enhancements”.

	LGE
	Agree. 

	SHARP
	Yes, grouping of system information is needed, for example, according to their functions.

	Intel
	Agree.

	ZTE
	Agree. 

	Nokia Networks
	Agree.

	NEUL/ HUAWEI
	Agree

	FUJITSU
	Agree and prefer re-use term SIB

	Qualcomm
	Grouping system information is necessary. Different groups of information can be broadcast with different periodicity.

	Samsung
	Agree




Discussion point 3. [bookmark: _Ref432764017]Since some SIBs may need to be acquired more quickly than others, it should be possible to schedule SIBs with different periodicity. Time critical SIBs are transmitted more often than SIBs that are less time critical.  Should this requirement be supported also for NB-IoT? If the answer is yes, please explain how the periodicity can be configured.
Table 3. Company view on Discussion point 3
	Company name
	Comments

	Ericsson
	Yes. The periodicity for SIB1 can be fixed or indicated in MIB as in eMTC. The other SIBs are grouped into SI messages whose periodicities are indicated in the SchedulingInfoList in SIB1, same as in LTE and eMTC.

	LGE
	Yes. This reduces the burden of the network and battery consumption of the UE. The periodicity of first SIB can be fixed while periodicity of other SIBs can be known by first SIB. 

	SHARP
	Yes, prefer to reuse eMTC design.

	Intel
	Yes. With regards to the periodicity of SIBs other than SIB1 the same values as in legacy or higher values can be used. Furthermore, the periodicity for those SIBs can be indicated in the SchedulingInfoList in SIB1 as in legacy LTE/eMTC.

	ZTE
	Yes. SIBs can have different periodicities. The agreements for eMTC can be reused, that is, the SIB1 and other SI messages transmission is PDCCH-less, the periodicity for SIB1 can be fixed or indicated in MIB and the periodicities for other SI messages can be indicated in SIB1.

	Nokia Networks
	Yes. Agree with Ericsson, the agreed eMTC SIB1bis/SI message configuration could be reused.

	NEUL/ HUAWEI
	We agree with the need to support different periodicity for different SIBs. 
We also agree with having a fixed, short periodicity for SIB1 and indicating the periodicity of the other SIBs in SIB1 same as in eMTC.

	FUJITSU
	Yes, and re-use SchedulingInfoList in SIB1 as in legacy LTE/eMTC

	Qualcomm
	Agree with Ericsson. 

	Samsung
	Agree with using similar scheme as LTE



Discussion point 4. [bookmark: _Ref432764345]In LTE and also in eMTC, SIB1 contains cell access related information (e.g. PLMN ID, cell barring, q-RxLevMin, etc) which is required in order to determine if a cell can be selected/re-selected to. To reduce the time required for cell selection/re-selection, SIB1 is therefore transmitted relatively frequently compared to other SIBs. For example, in LTE SIB1 is transmitted with a periodicity of 80 ms and all other SIBs are transmitted with a periodicity of 80 ms or longer (minimum SI-periodicity is 8 radio frames). Should cell access related system information be prioritized also in NB-IoT? Please indicate your company’s preference and motivate your response.
Table 4. Company view on Discussion point 4
	Company name
	Comments

	Ericsson
	Yes, prioritizing cell access information to reduce time required for cell selection/re-selection appears to be a good design principle.

	LGE
	Yes. It would save the battery of the UE due to reducing the time taken for determining cell is allowed to be camped on.

	SHARP
	Yes, it would save UE power to prioritize cell access related system information.

	Intel
	Yes.

	ZTE
	Yes, cell access related system information should be prioritized in NB-IoT. But whether cell re-selection information should also be prioritized needs to be further discussed.

	Nokia Networks
	Yes, just as the existing eMTC solution

	NEUL/ HUAWEI
	In NB-IOT, most devices are stationary and in long DRX. As such, cell selection/ reselection is not a very frequent process and should not be the only focus.
We should prioritise the information that the UE needs when waking up from DRX to receive paging or initiate an access. This includes cell access related information but also coverage related information, paging configuration, etc …

	FUJITSU
	Yes, for power saving reasons

	Qualcomm
	Agree with Ericsson. SIB1 would also need to be checked by device when it needs to make access after long sleep.

	Samsung
	Agree



Discussion point 5. [bookmark: _Ref432764712] In LTE and also in eMTC, SIBs other than SIB1 with the same periodicity requirement can be multiplexed into an SI message. Should the SI message concept be applied also for NB-IoT? Please indicate your company’s preference and motivate your response.
Table 5. Company view on Discussion point 5
	Company name
	Comments

	Ericsson
	Yes, the SI message concept should be supported in NB-IoT as well. Due to increased coding gain at larger transport block sizes, it is more efficient to transmit multiple SIBs in one transport block rather than transmitting them in separate, smaller transport blocks.

	LGE
	Yes, considering the repetition for coverage enhancement, one large SI is beneficial compared to several small SIBs. 

	SHARP
	Yes, SI message concept should be applied also for NB-IoT.

	Intel
	Yes, if possible the SI message concept should be applied also for NB-IOT, However, the feasibility of it depends on further input from RAN1 e.g. in terms of targeted TTI, TBS, repetition level for SI transmission

	ZTE
	Yes, suggest to keep the SIB-to-SI mapping mechanism for NB-IoT.

	Nokia Networks
	Yes, in addition to Ericsson’s comments, the multiplex of the SIBs could also reduce the SI acquisition delay.

	NEUL/ HUAWEI
	We may need some trade off between large block sizes beneficial for coding gain and the number of repetitions required to reach UEs in deep coverage.
We have no specific issue with supporting the SI message concept.  However this may depend on the maximum TB size and the number of SIBs that are defined, i.e. it might not be worth it.

	FUJITSU
	Yes, SI message concept can be applied for NB-IoT for efficiency and delay reduction

	Qualcomm
	In principle multiplexing more than one SIB in one SI message seeks ok but the feasibility needs to be considered by RAN1 considering UEs may need to receive more than on instance to be able to receive the SIBs successfully. 

	Samsung
	Agree



Discussion point 6. [bookmark: _Ref432766722]Ensuring future extensibility is an important aspect in any SI design. The approach used in LTE/eMTC is to include a placeholder at the end of the SIB which is ignored by legacy UEs and where a potential future extension can be inserted. However, this approach requires that the SIB can vary in size. Varying SIB size is also needed in case optional elements or variable-size lists (e.g. PLMN info) are included in the SIB. Companies are requested to provide their input on how variable SIB sizes can be supported in the NB-IoT SI design.
Table 6. Company view on Discussion point 6
	Company name
	Comments

	Ericsson
	Variable SIB sizes can be handled in the same way as in eMTC. To minimize the amount of padding, the transport block size for SIB1 and SI messages is signalled in MIB and SIB1, respectively. Segmentation of SIBs is not supported in eMTC; the network configuration has to ensure that the SIB does not exceed the maximum transport block size, which for eMTC is around 1000 bits. We expect that NB-IoT will support transport block sizes in the order of several hundreds of bits or more.  The specification should ensure that the size constraint is not exceeded in typical network configurations, e.g. by splitting a SIB that risks becoming too large into several smaller SIBs.

	LGE
	Basically, with flexible mapping of SIBs into SI message as in LTE/eMTC, the network can support variable SIB sizes within the maximum broadcast message size. Whether to have additional mechanism for supporting variable SIB sizes can be discussed after determining contents/size of each SIB and being aware of the maximum broadcast message size.


	SAHRP
	Variable SIB sizes can be handled in the same way as in eMTC

	Intel
	Same flexibility as in LTE/eMTC should be maintained. This ensures future extensibility of a SIB in a straightforward manner. Subject to RAN1 input on the maximum TBS allowed for SI transmission, RAN2 can discuss on the design of the SIB content.

	ZTE
	The flexibility and extensibility as in LTE/eMTC should be kept as much as possible depending on RAN1 input.

	Nokia Networks
	To provide flexibility and the extensibility, variable SIB sizes seem necessary by reusing the eMTC scheme.

	NEUL/ HUAWEI
	We agree with having variable SIB sizes to allow optional IEs and extensibility. 
We are fine with following eMTC approach with respect to variable TBS size for the messages signalled in MIB/SIB1.
We expect the maximum size for NB-IOT to be a lot smaller than for eMTC (1000 bits) 
We should also try to limit the total amount of system information by using default/ predefined configuration where possible.

	FUJITSU
	Variable SIB sizes can be handled in the same way as in eMTC

	Qualcomm
	There has to be a limit to the maximum size of a SIB message.
Information in the future can always be added in new SIB messages rather than to existing SIB messages. This can have the advantage legacy UEs do not need to read un-necessary information.

	Samsung
	Flexibility and extensibility needs to be supported as in eMTC





Discussion point 7. [bookmark: _Ref432756098]What are the expected issues if the SI scheduling concept in eMTC were to be adopted for NB-IoT? What adaptations would be required? Please provide you company view.
Table 7. Company view on Discussion point 7
	Company name
	Comments

	Ericsson
	The eMTC SI scheduling concept can in principle be re-used. Some adaptations may be required due to the new physical layer:
· MIB format and physical resource mapping
· Periodicities and repetition number for SIB1 and SI messages
· The frequency location for SIB1 and SI messages does not need to be indicated unless multiple narrowbands are used.
Acquisition of SI messages across SI windows should be possible to support as long as the total size of the SI messages does not exceed the available soft buffer size. The minimum total size that a UE should be able to handle can be specified in the standard. If the eNB uses a larger size the UE behaviour is unspecified (or then it is up to UE implementation in what order the SI messages are handled).

	LGE
	In addition to the points raised by Ericsson, whether to have frequency hopping also needs to be adapted depending on the physical layer design.


	SHARP
	Agree with Ericsson

	Intel
	The eMTC SI scheduling concept can in principle be re-used, leaving FFS the changes required due to the new PHY layer design and changing that the NB-IoT UE does not support the acquisition of SI messages across SI windows in order to reduce UE complexity due to the fact that the NB-IoT design does not need to meet the same SI acquisition delays as legacy LTE system and, in addition, we need to consider that the number of HARQ process (i.e. soft buffer) has been reduced for NB-IoT vs eMTC.

	ZTE
	The eMTC SI scheduling concept can in principle be re-used.

For some of the adaptations suggested by other companies, we have the following thoughts:
· Agree that “The frequency location for SIB1 and SI messages does not need to be indicated unless multiple narrowbands are used.” Additionally, when we determine the time location for SIB1 and SI messages transmission and repetition, more considerations on interference avoidance may be taken, e.g. some subframe locations may have higher poriorities in order to avoid interference to PSS/SSS/PBCH transmission. FFS if time locations with higher poriorities need to be indicated.
Agree with LGE, whether to have frequency hopping needs to be discussed depending on the physical layer design.

	Nokia Networks
	Agree to reuse the eMTC scheduling concept; however the input from RAN1 is needed regarding the frequency/time domain scheduling or other necessary parameters.

	NEUL/ HUAWEI
	We expect that eMTC scheduling concept will need to be adapted to the new physical layer, e.g. frame structure,  maximum TB size, number of repetitions required to reach UEs in enhanced coverage.
In contrast to eMTC, there is no latency requirement for acquiring the system information and no special requirements for different types of UEs or different levels of coverage.  We should optimise for UEs in enhanced coverage and we would prefer to have a large scheduling window allowing for all repetitions and not having to combine across scheduling windows

	FUJITSU
	FFS depending on PHY layer design. 

	Qualcomm
	Agree with Nokia Networks.

	Samsung
	The concept to reuse eMTC is OK with considering RAN1 decision.




Email discussion result
The following ten (10) companies participated in the email discussion: Ericsson, LGE, SHARP, Intel, ZTE, Nokia Networks, NEUL/HUAWEI, FUJITSU, Qualcomm, and Samsung. Based on the comments provided, the following observations can be made:
Companies agree that MIB has a fixed size and fixed resource mapping and contains a minimal amount of information required to acquire the rest of the system information. However, the fixed size and fixed resource mapping depend on the physical layer design. One company point out that also other information could be considered to be included in MIB if it reduces power consumption (e.g. ValueTag).
Companies agree that system information other than that contained in MIB is grouped into different SIBs (SIB1, SIB2, etc) and that 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.
Companies agree that cell access and cell selection related system information (e.g. PLMN ID, cell barring, q-RxLevMin, etc) should be prioritized (i.e. transmitted relatively frequently compared to other SIBs) to reduce the time required for cell selection/cell re-selection. One company thinks that information that the UE needs when waking up from DRX to receive paging or initiate an access also needs to be prioritized.
Companies agree that the SI message concept from LTE (i.e. multiplexing of SIBs other than SIB1 with the same periodicity requirement into a single transport block) should be applied also for NB-IoT if possible. The benefit/feasibility depends on the maximum TB size and the number of SIBs that are defined.
Companies agree that 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.
Companies have different opinions on the need/feasibility of SI message acquisition across SI windows.


Conclusion
Based on the observations in section 3, we have the following proposals:
MIB has a fixed size and fixed resource mapping and contains information required to acquire the rest of the system information. The size and resource mapping depends on the physical layer design.
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.
Cell access and cell selection related system information (e.g. PLMN ID, cell barring, q-RxLevMin, etc) should be prioritized (i.e. transmitted relatively frequently compared to other SIBs) to reduce the time required for cell selection/cell re-selection.
The SI message concept from LTE should be applied also in NB-IoT if possible. The benefit/feasibility depends on the maximum TB size and the number of SIBs that are defined.
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.

One additional proposal that was not discussed in any of the discussion points but which seems possible to reach an agreement on:

System information scheduling is PDCCH-less, i.e. scheduling parameters (e.g. time/frequency location and MCS/TBS) are fixed/semi-fixed instead of dynamically indicated on PDCCH.

[bookmark: _In-sequence_SDU_delivery]References
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Annex
The RAN2#91bis agreements related to SI are as follows:

We assume that RAN2 work with RAN1 regarding lower layer aspects of system information, including SI TBS. 
We assume that RAN2 wait for further input from RAN1 regarding physical layer cell parameters. 
RAN2 should allow for extension of system information messages for NB-IOT in future releases.
LTE, including eMTC, is used as a starting point for the analysis, for SI. Enhancements will be considered.  
RAN2 should revisit the content of MIB due to the nature of NB-IOT physical layer 
We assume that we place the SystemInformationValueTag in NB-IOT MIB to enable fast detection of system information change. This can be revisited. 
We will need to change the SI / value tag validity time. Exact value FFS but might be in the order of 24h. 
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