3GPP TSG RAN WG2 Meeting #99bis                                                         R2-1710645
Prague, Czech Republic, 9th – 13th October 2017
Agenda item:
7.1
Source:

Intel Corporation
Title:  

Email discussion report on [99#40][MTC] UE in CE
Document for:
Discussion and decision
1 Introduction

This email discussion "[99#40][MTC] UE in CE" aims to clarify "UE in CE" and the tentative issue that a UE in CE may bar a cell also for non-CE/BR operation based on the TP #1 described in [1] [2]. The deadline of this email discussion is on Thursday 2017-09-21. 
2 Open points for discussion
2.1 Clarifications of "UE in CE" or "UEs in enhanced coverage"
RAN2 specification uses the following terminology as shown in Annex A - TS 36.300 reference:

· "BL UE" to refer to those UEs operating in any LTE system bandwidth but with a limited channel bandwidth of 6 PRBs (corresponding to the maximum channel bandwidth available in a 1.4 MHz LTE system) in downlink and uplink.
· "UE in CE" or "UEs in enhanced coverage" to refer to those UEs that require the use of enhanced coverage functionality to access the cell; where two enhanced coverage modes (mode A, mode B) are supported.
· "BL UE" or a "non-BL UE" operating in enhanced coverage can optionally support a larger maximum PDSCH/PUSCH channel bandwidth of 24 or 96 PRBs in downlink, and 24 PRBs in uplink in connected mode for unicast transmission.

TS 36.300 explains that a "UE in CE" could be a BL UE or a non-BL UE, where a non-BL UE corresponds to category 0 or higher categories. For simplicity during this discussion, the terms BR (Bandwidth Reduced) or WB (Wide Bandwidth) are used understanding that a UE in WB monitors PDCCH (i.e. when not operating in CE), and a UE in BR monitors MPDCCH (i.e. when operating in CE). Therefore, a non-BL UE supporting CE could operate on WB (when UE is not in CE) or on BR (when UE is in CE).
TS 36.331 uses the both terms "BL UE" and "UE in CE" in most of the related reference with some exceptional cases where it is further clarified further characteristics e.g. using "UE in CE mode B", or "non-BL UE in CE Mode A", or "BL UEs or non-BL UEs in enhanced coverage". 
TS 36.304 explains the criterion for UEs in RRC_IDLE to determine if UE camps in normal coverage or enhanced coverage, as shown in Annex B - TS 36.304 reference. However it is to note that for a given cell, the specification does not distinguish the cell selection criterion S in normal coverage based on the parameter provided in SIB1 (WB version) or in SIB1-BR (BR version). 

Discussion point 1. Should the definition of (a) "BL UE", (b) "non-BL UE", (c) "UE in CE" or (d) "CE operation" or (e) other terminology (such as, "BR operation") be included in TS 36.300 and/or TS 36.331? If yes, please indicate your suggested update.
Table 1. Company's view on the Discussion point 1
	Point #1
	Y/N
	Company's name and view

	(a) BL UE
	Yes
	· Intel: TS 36.331 only explains "BL" in the abbreviation section. We are open to add a short definition understanding that "BL UE" reference is heavily used in this specification, e.g. 
· BL UE: Refers to Bandwidth Reduced Low Complexity UE (such as, category M1 or M2) which operate in any LTE system bandwidth but with a limited channel bandwidth of 6 PRBs (corresponding to the maximum channel bandwidth available in a 1.4 MHz LTE system), or optionally higher, in downlink and uplink.
· Qualcomm: We are ok to add the above description in 36.331 but 36.300 updated as per our response to question (c).
· Ericsson: We are fine with adding a definition in TS 36.331, but we think a more concise definition would be better, e.g.:

· BL UE: Refers to Bandwidth Reduced Low Complexity UE which operates with a reduced channel bandwidth with respect to the system bandwidth or equal in case the system bandwidth is 1.4 or 5 MHz.
· Huawei, HiSilicon: Although things already look clear enough to us, we are ok to add a definition to 36.331. The definition could just be copy/pasted from 36.300 for consistency. 

	
	No
	· Intel: TS 36.300 already explains it within section 23.7 (as shown in Annex A).
· Ericsson: Agree with Intel on TS 36.300. 
· 

	(b) non-BL UE
	Yes
	· 

	
	No
	· Intel: TS 36.300 already explains it within section 23.7 (as shown in Annex A). TS 36.331 only appears twice on the field description of two parameters, therefore we do not see essential to add a definition on this.
· Qualcomm: The use of the term “BL UE or a non-BL UE operating in enhanced coverage …” in 36.300 confuses the reader. That because a ‘non-BL UE’ also restricts its bandwidth when operating in enhanced coverage. Therefore, the term “UE in CE” should be interpreted as proposed for ( c ) and remove use of non-BL UE.
· Ericsson: Agree with Intel on TS 36.300. We do not fully agree with Qualcomm observation: BL UE should refer to Bandwidth Reduced Low Complexity UE as the proposed definitions in a) explain, that is, in the current specification versions to only Cat-M1 or M2 UEs. If a “normal” UE uses CE, then that is a UE in CE but not a BL UE, although in CE it operates with reduced bandwidth. However, we agree that in many places in specifications it is unnecessary to refer to either BL or non-BL UEs, as “UE in CE” would be enough to capture the intended behavior.
· LG: We have similar view with Ericsson. Regardless of being BL UE or a non-BL UE, a UE in CE operates with reduced bandwidth. So if we want to mention a UE in CE in specifications, then “UE in CE” seems enough whether it is BL UE or non-BL UE.
· Huawei, HiSilicon –enough if we clarify the definition of BL UE and UE in CE. 
·  

	(c) UE in CE
	Yes
	· Intel: TS 36.331 only explains "CE" in the abbreviation section. We are open to add a short definition understanding that "UE in CE" reference is heavily used in this specification, e.g. 

· UE in CE: Refers to a (BL) UE operation that requires the use of enhanced coverage functionality to access the cell (supporting CE mode A and optionally CE mode B). UE in CE operates in any LTE system bandwidth but with a limited channel bandwidth of 6 PRBs (corresponding to the maximum channel bandwidth available in a 1.4 MHz LTE system), or optionally higher, in downlink and uplink.
· Qualcomm: Good to include above description in 36.331.
· Ericsson: We are fine with adding a definition in TS 36.331, but we would again prefer a more concise definition, e.g.:
· UE in CE: UE which is in enhanced coverage according to TS 36.304, either using CE Mode A or CE Mode B.
· LG : It seems adequate to include the description in 36.331, and prefer Ericsson’s definition.
· Huawei, HiSilicon – Ericsson definition above looks clear and concise.
· 

	
	No
	· Intel: TS 36.300 already explains it within section 23.7 (as shown in Annex A).
· Qualcomm: Agree no need to add description but propose to remove the use of term ‘non BL’ in section 23.7 as follows:
· To enable higher data rates a (BL) UE or a non-BL UE operating in enhanced coverage can optionally support a larger maximum PDSCH/PUSCH channel bandwidth of 24 or 96 PRBs in downlink, and 24 PRBs in uplink in connected mode for unicast transmission. Table 23.7.a-1 summarizes the maximum PDSCH/PUSCH bandwidth in connected mode for unicast transmission depending on the UE category and enhanced coverage mode (see section 23.7b). The maximum PDSCH/PUSCH channel bandwidth is configured separately for PDSCH and PUSCH via dedicated RRC signaling.

Table 23.7a-1: Maximum PDSCH/PUSCH bandwidth (in PRBs)

UE category/CE mode

CE mode A

CE mode B

BL (Category M1)
6/6

6/6

BL (Category M2)
24/24

24/6

Non-BL (Other Category 0 and higher)
96/24

96/6

Ericsson: We agree with Intel and we don’t see the need to remove “non-BL” in the above case right now. 

	(d) CE operation
	Yes
	· Intel: if "UE in CE" is defined within TS 36.331, the explanation of "CE operation" is implicit from it, otherwise we are open to add a short definition for "CE operation", e.g. 
· CE operation: Refers to the use of enhanced coverage functionality by a cell or (BL or non-BL) UE which support CE mode A and optionally CE mode B. CE operation is enabled in any LTE system bandwidth but with a limited channel bandwidth of 6 PRBs (corresponding to the maximum channel bandwidth available in a 1.4 MHz LTE system), or optionally higher, in downlink and uplink.

· Qualcomm: Prefer to add description of “UE in CE”.
· Ericsson: Agree with Qualcomm. We do not think “CE operation” is an appropriate term and it is not needed if “UE in CE” is defined in TS 36.331.. 
· LG: We also prefer to use “UE in CE” rather than CE operation. Using “CE operation” would occur more confusion (e.g “CE operation means Srxlev evaluation to determine which CE mode to camp on?”)

	
	No
	· Intel: TS 36.300 already explains it within section 23.7 (as shown in Annex A).

· Ericsson: Agree with Intel on TS 36.300 and we don’t see need to add anything in TS 36.331. 
· Huawei, HiSilicon – if we define UE in CE and BL UE correctly, no need to add anything else.

	(e) Other terms
	Yes
	· Intel: We would also be open to use the term BR operation instead of CE operation to avoid confusions as in TS 36.304, "normal coverage" and "enhanced coverage" terms are both used for a UE operating in BR. If so, the following definition could be considered:
· BR operation: Refers to the use of enhanced coverage functionality by a cell or (BL or non-BL) UE which support CE mode A and optionally CE mode B. BR operation is enabled in any LTE system bandwidth but with a limited channel bandwidth of 6 PRBs (corresponding to the maximum channel bandwidth available in a 1.4 MHz LTE system), or optionally higher, in downlink and uplink.

· Qualcomm: We don’t think “BR operation” equates to CE operation. “BR” should mean only reduced bandwidth and low complexity; it should not mean CE operation. 
· Ericsson: “Bandwidth Reduced” is currently defined in TS 36.331 but only referring to 6 PRB operation. This should be updated (perhaps remove the explicit mention of any specific number of PRBs.)


Discussion point 2. Should other clarifications be captured or updated in any RAN2 specification? If yes, please provide the corresponding details.
Table 2. Company's view on the Discussion point 2
	Company's name
	Company's view

	
	· 

	
	· 


2.2 Bar of a cell for non-CE (WB) operation vs BR operation
The highlighted text below from TS 36.331 indicates that any UE in CE assumes a given cell barred if SIB1-BR is not scheduled. Currently this statement applies to both BL and non-BL UEs; for BL UEs, it is ok considering the cell as barred, however in our understanding, this is not the case for non-BL UEs. A cell may support either WB operation only or, both WB and BR operation. Therefore a non-BL UE may still operate in the cell while in WB operation (i.e. not operating in CE or BR), even if SIB1-BR is not scheduled or if it is able to acquire SIB1.
5.2.2.5
Essential system information missing

The UE shall:

1>
if in RRC_IDLE or in RRC_CONNECTED while T311 is running:

2>
if the UE is unable to acquire the MasterInformationBlock (MasterInformationBlock-NB in NB-IoT); or
2>
if the UE is neither a BL UE nor in CE nor in NB-IoT and the UE is unable to acquire the SystemInformationBlockType1; or
2>
if the BL UE or UE in CE is unable to acquire SystemInformationBlockType1-BR or SystemInformationBlockType1-BR is not scheduled; or
2>
if the NB-IoT UE is unable to acquire the SystemInformationBlockType1-NB:

3>
consider the cell as barred in accordance with TS 36.304 [4]; and
3>
perform barring as if intraFreqReselection is set to allowed, and as if the csg-Indication is set to FALSE;

2>
else if the UE is unable to acquire the SystemInformationBlockType2 (or SystemInformationBlockType2-NB in NB-IoT):

3>
treat the cell as barred in accordance with TS 36.304 [4];

Therefore we suggest considering the following change (marked in red) to explain that the cell is only barred for "CE operation":
5.2.2.5
Essential system information missing

The UE shall:

1>
if in RRC_IDLE or in RRC_CONNECTED while T311 is running:

2>
if the UE is unable to acquire the MasterInformationBlock (MasterInformationBlock-NB in NB-IoT); or
2>
if the UE is neither a BL UE nor in CE nor in NB-IoT and the UE is unable to acquire the SystemInformationBlockType1; or
2>
if the BL UE or UE in CE is unable to acquire SystemInformationBlockType1-BR or SystemInformationBlockType1-BR is not scheduled; or

2>
if the NB-IoT UE is unable to acquire the SystemInformationBlockType1-NB:

3>
consider the cell as barred for CE operation in accordance with TS 36.304 [4]; and

3>
perform barring as if intraFreqReselection is set to allowed, and as if the csg-Indication is set to FALSE;

2>
else if the UE is unable to acquire the SystemInformationBlockType2 (or SystemInformationBlockType2-NB in NB-IoT):

3>
treat the cell as barred in accordance with TS 36.304 [4];

Discussion point 3. Do you agree that the text in section 5.2.2.5 of TS 36.331 should be updated not to always bar a cell for non-BL UEs when SIB1-BR is not acquired or SIB1-BR is not scheduled? If yes, please indicate if you are ok with the proposed change shown above (i.e. adding that the cell is barred "for CE operation") or, if you have a different suggestion.
Table 3. Company's view on the Discussion point 3
	Point #3
	Company's name and view

	Yes
	· Intel: Yes, current procedural text bars a cell when SIB1-BR is not acquired or SIB1-BR is not scheduled which for non-BL UEs, this should only be for CE or BR operation. It is to note that a non-BL UE may decide to operate in CE (i.e. BR) for coverage reasons or for power consumption reasons. Therefore for the case when UE chose operating on BR for power consumption, the UE still be able to operate on non-BR within the LTE system bandwidth (assuming that the given cell is not barred for this operation).
We are ok with the suggested text (adding "CE operation" when indicating that the cell is barred), as well as, using "BR operation" terminology (which is already used e.g. for SIB1-BR or SI-BR). 
· Qualcomm: If UE is unable to acquire SIB1-BR or SIB1-BR is not scheduled in ca cell then:
· For BL UE this cell is barred regardless of coverage.

· For UE this cell is barred for enhanced coverage.
with this understanding the proposed change to add  “CE operation” is not correct. We propose the following:
The UE shall:

1>
if in RRC_IDLE or in RRC_CONNECTED while T311 is running:

2>
if the UE is unable to acquire the MasterInformationBlock (MasterInformationBlock-NB in NB-IoT); or
2>
if the UE is neither a BL UE nor a UE in CE nor a NB-IoT UE and the UE is unable to acquire the SystemInformationBlockType1; or
2>
if the BL UE is unable to acquire SystemInformationBlockType1-BR or SystemInformationBlockType1-BR is not scheduled; or
2>
if the NB-IoT UE is unable to acquire the SystemInformationBlockType1-NB:

3>
treat the cell as barred in accordance with TS 36.304 [4]; and

3>
perform barring as if intraFreqReselection is set to allowed, and as if the csg-Indication is set to FALSE;
2>
if the UE in CE is unable to acquire SystemInformationBlockType1-BR or SystemInformationBlockType1-BR is not scheduled:
3>
treat the cell as barred for coverage enhanced operation in accordance with TS 36.304 [4]; and

3>
perform barring as if intraFreqReselection is set to allowed, and as if the csg-Indication is set to FALSE;

2>
else if the UE is unable to acquire the SystemInformationBlockType2 (or SystemInformationBlockType2-NB in NB-IoT):

3>
treat the cell as barred in accordance with TS 36.304 [4];

· Huawei, HiSilicon
· The Qualcomm change looks technically correct, however the change consider->treat is unnecessary and NB-IOT text should be left untouched.

· The Intel change isn’t correct for the following reasons
· BL UE should be barred regardless of coverage.

· NB-IOT UE doesn’t have CE operation

· UE which is neither BL nor CE and fails to receive SIB 1 should be barred (may not even support CE)
· While we can see the point from Ericsson below, we don’t think the text is sufficiently clear in this respect. It seems we all agree that a UE should not be barred for normal operation as long as the SIB1 can be received, even if SIB1-BR is not received and this should be made a bit clearer. The current text implies cell is barred for normal operation if SIB1-BR is not received.
· 

	No
	· Ericsson: We do not currently see the need to update the text as proposed by Intel or Qualcomm and would like to ask for more clarification on what the actual use case is. If a non-BL UE tries to access the cell in CE and can’t read SIB1-BR, the cell is barred as it should. However, if such UE can read SIB1 it can evaluate the first condition in its favor and there should be no issue to operate in “normal coverage”. 
· LG: We cannot understand “consider the cell as barred for CE operation”. Cell barred for CE operation means the UE can camp on the cell by normal coverage even though MIB or SIB1 was not acquired? It seems more discussion is needed which use case we can clarify.


3 Email discussion report
The following 6 companies shared their views on this email discussion: Qualcomm, Ericsson, LG, Huawei, HiSilicon and Intel.
3.1 Clarifications of "UE in CE" or "UEs in enhanced coverage"

3.1.1 Discussion point 1
Should the definition of (a) "BL UE", (b) "non-BL UE", (c) "UE in CE" or (d) "CE operation" or (e) other terminology (such as, "BR operation") be included in TS 36.300 and/or TS 36.331?
· (a) "BL UE": 
· 5 companies (Qualcomm, Ericsson, Huawei, HiSilicon and Intel) are ok to clarify it on TS 36.331.
· 4 companies (Ericsson, Huawei, HiSilicon and Intel) prefers definitions aligned to the one done in TS 36.300. E.g.
· BL UE: Refers to Bandwidth Reduced Low Complexity UE (such as, category M1 or M2) which operate in any LTE system bandwidth but with a limited channel bandwidth of 6 PRBs (corresponding to the maximum channel bandwidth available in a 1.4 MHz LTE system), or optionally higher, in downlink and uplink.

· BL UE: Refers to Bandwidth Reduced Low Complexity UE which operates with a reduced channel bandwidth with respect to the system bandwidth or equal in case the system bandwidth is 1.4 or 5 MHz.

· 1 company (Qualcomm) prefers to remove non-BL UE definition.
· 2 companies (Ericsson, and Intel) do not see the need to clarify it on TS 36.300.
· (b) "non-BL UE"
· All companies agree that there is no need to define non-BL UE.
· 5 companies (Ericsson, LG, Huawei, HiSilicon and Intel) are ok keeping their reference in current specifications.

· 1 company (Qualcomm) believes that the term "non-BL UE" is confusing.

· 4 companies (Ericsson, LG, Huawei, and HiSilicon) confirm that "UE in CE" refers to "BL UE and non-BL UE" and are ok to clarify it as explained in point (c).

· (c) "UE in CE"
· All companies are ok to clarify it on TS 36.331. E.g.
· UE in CE: Refers to a (BL) UE operation that requires the use of enhanced coverage functionality to access the cell (supporting CE mode A and optionally CE mode B). UE in CE operates in any LTE system bandwidth but with a limited channel bandwidth of 6 PRBs (corresponding to the maximum channel bandwidth available in a 1.4 MHz LTE system), or optionally higher, in downlink and uplink.
· UE in CE: UE which is in enhanced coverage according to TS 36.304, either using CE Mode A or CE Mode B.

· 1 company (Qualcomm) suggest removing the use of "non-BL" terminology.
· 2 companies (Ericsson, and Intel) do not see the need to clarify it on TS 36.300 neither remove the reference to non-BL.
· (d) "CE operation"
· 1 company (Intel) is open to include a definition for "CE operation" in TS 36.331.

· 3 companies (Qualcomm, Ericsson and LG) prefer not to include "CE operation" and use instead "UE in CE" in TS 36.331.

· 4 companies (Ericsson, Huawei, HiSilicon and Intel) do not see the need to clarify it further on TS 36.300.
· (e) other terminology
· 1 company is open to define "BR operation".

· 1 companies (Qualcomm) do not think that "BR operation" is the same as "CE operation" as "BR” should mean only reduced bandwidth and low complexity but not mean CE operation.
· 1 company (Ericsson) confirms that BR term is used in TS 36.331 although it refers to 6PRB operation which might need to be updated to more number of PRBs.
Proposal 1. To agree on the following terminology :

Proposal 1.1. To add a definition of "BL UE" in TS 36.331 (aligned with TS 36.300 section 27.3). 
Proposal 1.2. To add a definition of "UE in CE" in TS 36.331 (aligned with TS 36.300 section 27.3).

3.1.2 Discussion point 2

Should other clarifications be captured or updated in any RAN2 specification? 
· Companies did not have any other points that would like to clarify.
3.2 Bar of a cell for non-CE (WB) operation vs BR operation
3.2.1 Discussion point 3

Do you agree that the text in section 5.2.2.5 of TS 36.331 should be updated not to always bar a cell for non-BL UEs when SIB1-BR is not acquired or SIB1-BR is not scheduled?
· 4 companies (Qualcomm, Huawei, HiSilicon and Intel) agree that the behavior has to be updated on TS 36.331 as current text implies a cell is barred for normal operation if SIB1-BR is not received.
· It is explained the motivation behind: a non-BL UE may decide to operate in CE (i.e. BR) for coverage reasons or for power consumption reasons. Therefore for the case when UE chose operating on BR for power consumption, the UE still be able to operate on non-BR within the LTE system bandwidth (assuming that the given cell is not barred for this operation).

· It is clarified that if UE is unable to acquire SIB1-BR or SIB1-BR is not scheduled in ca cell then:

· For BL UE this cell is barred regardless of coverage.

· For UE this cell is barred for enhanced coverage.

· 3 companies (Qualcomm, Huawei, HiSilicon) prefers to only update the behaviour for UE in CE (i.e. leaving legacy procedure for NB-IoT UE and BL UE).
· 2 companies (Ericsson and LG) do not see the need or understand the use case behind.
Proposal 2. To update TS 36.331 so that for non-BL UEs when SIB1-BR is not acquired or SIB1-BR is not scheduled, the cell is barred only for coverage enhancement operation.
Proposal 3. To agree on the stage-3 TP capture on R2-1710646 and R2-1710647 based on the proposals 1.1, 1.2 and 2.
4 Conclusion

The suggested proposals from this email discussion are the following:

Proposal 1.
To agree on the following terminology :
Proposal 1.1.
To add a definition of "BL UE" in TS 36.331 (aligned with TS 36.300 section 27.3).
Proposal 1.2.
To add a definition of "UE in CE" in TS 36.331 (aligned with TS 36.300 section 27.3).
Proposal 2.
To update TS 36.331 so that for non-BL UEs when SIB1-BR is not acquired or SIB1-BR is not scheduled, the cell is barred only for coverage enhancement operation.
Proposal 3.
To agree on the stage-3 TP capture on R2-1710646 and R2-1710647 based on the proposals 1.1, 1.2 and 2.
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6 Annex A - TS 36.300 reference

23.7
Support of Low Complexity UEs

Low complexity UEs are targeted to low-end (e.g. low average revenue per user, low data rate, delay tolerant) applications, e.g. some Machine-Type Communications.

A low complexity UE has reduced Tx and Rx capabilities compared to other UE of different categories.
A Category 0 low complexity UE may access a cell only if SIB1 indicates that access of Category 0 UEs is supported. If the cell does not support access of Category 0 UEs, the UE considers the cell as barred.

The eNB determines that a UE is a Category 0 UE based on the LCID for CCCH and the UE capability.

The S1 signalling has been extended to include the UE Radio Capability for paging. This paging specific capability information is provided by the eNB to the MME, and the MME uses this information to indicate to the eNB that the paging request from the MME concerns a low complexity UE.
23.7a
Support of Bandwidth Reduced Low Complexity UEs
A bandwidth reduced low complexity (BL) UE can operate in any LTE system bandwidth but with a limited channel bandwidth of 6 PRBs (corresponding to the maximum channel bandwidth available in a 1.4 MHz LTE system) in downlink and uplink.
To enable higher data rates a BL UE or a non-BL UE operating in enhanced coverage can optionally support a larger maximum PDSCH/PUSCH channel bandwidth of 24 or 96 PRBs in downlink, and 24 PRBs in uplink in connected mode for unicast transmission. Table 23.7.a-1 summarizes the maximum PDSCH/PUSCH bandwidth in connected mode for unicast transmission depending on the UE category and enhanced coverage mode (see section 23.7b). The maximum PDSCH/PUSCH channel bandwidth is configured separately for PDSCH and PUSCH via dedicated RRC signaling.

Table 23.7a-1: Maximum PDSCH/PUSCH bandwidth (in PRBs)
	UE category/CE mode
	CE mode A
	CE mode B

	BL (Category M1)
	6/6
	6/6

	BL (Category M2)
	24/24
	24/6

	Non-BL (Category 0 and higher)
	96/24
	96/6


A Category M2 BL UE supports a larger DL and UL maximum TBS size for unicast compared to a Category M1 BL UE. A Category M1 BL UE may support a larger UL maximum TBS size indicated by a separate UE capability.

A BL UE may access a cell only if the MIB of the cell indicates that scheduling information for SIB1 specific for BL UEs is scheduled. If not, the UE considers the cell as barred.
A BL UE receives a separate occurrence of system information blocks (sent using different time/frequency resources). A BL UE has a transport block size (TBS) limited to 1000 bit for broadcast. The BL UE determines the scheduling information for SIB1 specific for BL UEs based on information in MIB. Scheduling information for other SIBs is given in SIB1 specific for BL UEs. The BCCH modification period for BL UEs is a multiple of the BCCH modification period provided in SIB2. The SIB transmission occasions within an SI-window are provided in the SIB1 specific for BL UEs. A BL UE can acquire SI messages across SI windows. The maximum number of SI messages that can be acquired across SI windows is 4. A BL UE is not required to detect SIB change when in RRC_CONNECTED.
A BL UE is paged based on paging occasions in time domain, and paging narrowbands in frequency domain. The starting subframe of a paging occasion is determined in the same way as the paging occasion in the legacy paging mechanism.

A set of PRACH resources (e.g. time, frequency, preamble), each associated with BL UEs in normal coverage, is provided in SIB. Number of PRACH repetitions and number of maximum preamble transmission attempts for BL UEs in normal coverage are provided in SIB. Time/frequency resources and repetition factor for random access response messages for BL UEs are derived from the used PRACH resources.
23.7b
Support of UEs in Enhanced Coverage
A UE in enhanced coverage is a UE that requires the use of enhanced coverage functionality to access the cell. In this release of the specification two enhanced coverage modes (mode A, mode B) are supported. The support of enhanced coverage mode A is mandatory for a BL UE. The maximum PDSCH/PUSCH bandwidth in connected mode for unicast transmission depends on the UE category and enhanced coverage mode as summarized in table 23.7a-1.

A UE may access a cell using enhanced coverage functionality only if the MIB of the cell indicates that scheduling information for SIB1 specific for BL UEs is scheduled. System information procedures for UEs in enhanced coverage are identical to the system information procedures for bandwidth reduced low complexity UEs. A UE capable of enhanced coverage acquires, if needed, and uses legacy system information when in normal coverage if it is not a BL UE. A UE capable of enhanced coverage acquires, if needed, and uses system information specific for UEs in enhanced coverage. A UE in enhanced coverage is not required to detect SIB change when in RRC_CONNECTED.
A set of PRACH resources (e.g. time, frequency, preamble); each associated with a coverage enhancement level, is provided in SIB. Number of PRACH repetitions and number of maximum preamble transmission attempts per coverage enhancement level are provided in SIB. UEs in same enhanced coverage level use random access resources associated with the same enhanced coverage level. Time/frequency resources and repetition factor for random access response messages for UEs in enhanced coverage are derived from the used PRACH resources.
A UE in enhanced coverage is paged using the same mechanism for paging BL UEs. The starting subframe of a paging occasion and the repetition pattern (in both time and frequency domain for downlink common control signaling) of that paging occasion are determined irrespective of the UEs enhanced coverage level.
The paging request from the MME for a UE supporting enhanced coverage functionality may contain enhanced coverage level related information and corresponding cell ID.
A UE in RRC_IDLE does not inform the network when it changes the enhanced coverage level.
A UE in enhanced coverage camps on a suitable cell where S criterion for UEs in enhanced coverage is fullfilled.The UE shall re-select to inter-frequency cells in which it is able to operate in normal coverage over cells in which it has to be in enhanced coverage.
Connected mode mobility mechanisms such as measurement reporting, network controlled handover etc., are supported for UEs in enhanced coverage. At handover from a source cell in normal or enhanced coverage mode to a target cell in enhanced coverage mode, the network may provide SIB1-BR to the UE in the handover command. No additional mechanisms are introduced to support the use of enhanced coverage functionality to access an E-UTRA cell during inter-RAT handovers.

Reconfiguration of a UE in connected mode from normal to enhanced coverage mode (and vice versa) is supported by a means of intra-cell handover or RRC configuration without handover.
7 Annex B - TS 36.304 reference

5.2.3.2
Cell Selection Criterion

For NB-IoT the cell selection criterion is defined in sub-clause 5.2.3.2a.

The cell selection criterion S in normal coverage is fulfilled when:
	Srxlev > 0  AND  Squal > 0


where: 
	Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation - Qoffsettemp
Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp


where:

	Srxlev
	Cell selection RX level value (dB)

	Squal
	Cell selection quality value (dB)

	Qoffsettemp
	Offset temporarily applied to a cell as specified in [3] (dB)

	Qrxlevmeas
	Measured cell RX level value (RSRP)

	Qqualmeas
	Measured cell quality value (RSRQ)

	Qrxlevmin
	Minimum required RX level in the cell (dBm)

	Qqualmin
	Minimum required quality level in the cell (dB)

	Qrxlevminoffset
	Offset to the signalled Qrxlevmin taken into account in the Srxlev evaluation as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN [5]

	Qqualminoffset
	Offset to the signalled Qqualmin taken into account in the Squal evaluation as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN [5]

	Pcompensation 
	If the UE supports the additionalPmax in the NS-PmaxList, if present, in SIB1, SIB3 and SIB5:

max(PEMAX1 –PPowerClass, 0) – (min(PEMAX2, PPowerClass) – min(PEMAX1, PPowerClass)) (dB);

else:

max(PEMAX1 –PPowerClass, 0) (dB)

	PEMAX1, PEMAX2
	Maximum TX power level an UE may use when transmitting on the uplink in the cell (dBm) defined as PEMAX in TS 36.101 [33]. PEMAX1 and PEMAX2 are obtained from the p-Max and the NS-PmaxList respectively in SIB1, SIB3 and SIB5 as specified in TS 36.331 [3].

	PPowerClass
	Maximum RF output power of the UE (dBm) according to the UE power class as defined in TS 36.101 [33]


The signalled values Qrxlevminoffset and Qqualminoffset are only applied when a cell is evaluated for cell selection as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN [5]. During this periodic search for higher priority PLMN the UE may check the S criteria of a cell using parameter values stored from a different cell of this higher priority PLMN.

If cell selection criterion S in normal coverage is not fulfilled for a cell, UE shall consider itself to be in enhanced coverage if the cell selection criterion S for enhanced coverage is fulfilled, where:
	Qrxlevmin
	UE applies coverage specific value Qrxlevmin_CE (dBm)

	Qqualmin
	UE applies coverage specific value Qqualmin_CE (dB)


If cell selection criterion S in normal coverage is not fulfilled for a cell and UE does not consider itself in enhanced coverage based on coverage specific values Qrxlevmin_CE and Qqualmin_CE, UE shall consider itself to be in enhanced coverage if UE supports CE Mode B and the cell selection criterion S for enhanced coverage is fulfilled, where:
	Qrxlevmin
	UE applies coverage specific value Qrxlevmin_CE1 (dBm)

	Qqualmin
	UE applies coverage specific value Qqualmin_CE1 (dB)


For the UE in enhanced coverage, coverage specific values Qrxlevmin_CE and Qqualmin_CE (or Qrxlevmin_CE1 and Qqualmin_CE1) are only applied for the suitability check in enhanced coverage (i.e. not used for measurement and reselection thresholds).
