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1
Introduction
Discussions in the Rel-13 eMTC Work Item [1] regarding MIB acquisition delay in eMTC resulted in an agreement to quantify this delay [2] and in an agreement to reflect the delay’s impact on the relevant core RRM requirements [3].

The WF on MIB acquisition delay [2] captured the following agreements:
· MIB TTI = 40ms 
· Candidate algorithms to acquire MIB
· Baseline: The “keep trying” decoder is definition is: The decoder simply “keeps trying” to decode the transmitted Rel-13 eMTC PBCH frames until the decoder eventually gets lucky and decodes it correctly. With this solution there is a trade-off between coverage gain and decoding time (i.e. the number of decoding attempts). [Refer to R1-132908] 
· Other algorithms are not precluded
· MIB acquisition delay =  [90]%-ile of the number of frames required to successfully decode the MIB

· To obtain MIB acquisition delay, companies are encouraged to provide CDF of MIB acquisition time based on the simulation results in the next slide
It further captured simulation assumptions.  Intel’s simulation results under the assumptions are available in [4].
The eMTC RRM Adhoc meeting minutes captured the following comments and agreements relevant to MIB acquisition:

Comments:

Qualcomm: During HO, the SFN is needed for knowing RA opportunity. This needs to be defined in core requirements and accordingly in test cases. For investigation of MIB results are provided when MIB repetitions are enabled.

Intel: For CEModeA MIB acquisition time is N*40 ms and CEModeB it is M*40. 

E///: The CGI reading time was studied that included MIB acquisition time

Agreements:

HO: 

In HO requirements time (T_MIB) to acquire MIB of target cell needs to be included. 

T_MIB = N*40 ms for CEModeA

T_MIB = M*40 ms for CEModeB

M>N

Values of M and N are FFS until RAN4#80bis

The values of M and N will be applicale to all RRM requirements where MIB acquisition is required e.g.

-
Paging interruption /SI acquisition time

-
RRC re-establishment 

-
HO delay requirements

QC will provide WF on assumptions for analysis on MIB acquisition time
This paper shares Intel’s views on the impact of MIB acquisition time on the handover interruption delay requirement.
2
Discussion
The RRC protocol specification in TS 36.331 [5] identifies that for bandwidth reduced low-complexity (BL) UE and UE in coverage enhancement (CE) the MIB information for the target cell is not provided with dedicated signalling:

[image: image1]
Further, the handover procedures require the BL UE or UE in CE to acquire the MIB after synchronising to the target cell.

[image: image2]
Observation 1: Based on the above, it is our understanding that the Category M1 UE is required to obtain the MIB prior to performing RACH to the target cell.

In the RRM requirements specification in TS 36.133 [6] the handover interruption requirements are split into CE Mode A and CE Mode B clauses for Category M1 UEs.  Further, each clause contains FD-FDD, HD-FDD, and TDD subclauses.  Below is the interruption time requirement for CE Mode A FD-FDD as an example:

[image: image3]
Observation 2: Tinterrupt for CE Mode A FD-FDD, HD-FDD, and TDD cases is not consistent with the RRC protocol specification and should be updated to include MIB acquisition delay as a new parameter. One possible name for this parameter may be TSI-EUTRA-M1-CEModeA.
Based on simulation results in [4], which have thus far considered baseband only performance without impairment margin, and also assuming an additional 10 ms offset due to assumptions of the UE’s ability to determine the MIB TTI boundary, a MIB acquisition delay of 50 ms is expected for CE Mode A.

Observation 3: An initial result for the MIB acquisition delay of 50 ms, based on simulations without considering impairments, has been obtained for CE Mode A.  This value can be defined and verified as an RRM test case in the specification and should be further checked considering impairments.
Below is the interruption time requirement for CE Mode B FD-FDD as an example:


[image: image4]
Observation 4: Tinterrupt for CE Mode B FD-FDD, HD-FDD, and TDD cases is not consistent with the RRC protocol specification and should be updated to include MIB acquisition delay as a new parameter. One possible name for this parameter may be TSI-EUTRA-M1-CEModeB.

Based on simulation results in [4], which have thus far considered baseband only performance without impairment margin, and also assuming an additional 10 ms offset due to assumptions of the UE’s ability to determine the MIB TTI boundary, a MIB acquisition delay of 770 ms is expected for CE Mode A.

Observation 5: An initial result for the MIB acquisition delay of 770 ms, based on simulations without considering impairments, has been obtained for CE Mode A.  This value can be defined and verified as an RRM test case in the specification and should be further checked considering impairments.  However, due to diminishing gains in performance of the keep trying algorithm vs. the number of MIB TTIs, the acquisition delay for CE Mode B may be significantly larger than the unimpaired estimate.
The physical channels and modulation specification TS 36.211 [7] defines the following resource element mapping for PBCH:


[image: image5]
Thus, for eMTC PBCH repetitions may be enabled or disabled for a cell.  If enabled, SF0 and SF9 are always used.  Further, the number of repetitions is always 4 (for a total of 5 copies, counting the core PBCH resource elements).  If disabled, only core PBCH resource elements are present (i.e. SF0 only).  However, because the PBCH repetition configuration is not mandatory for eMTC, the case of applicability of PBCH repetitions for the minimum RRM requirements, such as handover delay, paging interruption delay, and RRC re-establishment delay, is not clear.

Observation 6: Further discussions related to the applicability of PBCH repetitions to the minimum RRM requirements which involve MIB acquisition are needed.

3
Conclusions
This paper shared Intel’s views on the impact of MIB acquisition time on the handover interruption delay requirement.  The following observations have been made:

Observation 1: Based on the above, it is our understanding that the Category M1 UE is required to obtain the MIB prior to performing RACH to the target cell.

Observation 2: Tinterrupt for CE Mode A FD-FDD, HD-FDD, and TDD cases is not consistent with the RRC protocol specification and should be updated to include MIB acquisition delay as a new parameter. One possible name for this parameter may be TSI-EUTRA-M1-CEModeA.

Observation 3: An initial result for the MIB acquisition delay of 50 ms, based on simulations without considering impairments, has been obtained for CE Mode A.  This value can be defined and verified as an RRM test case in the specification and should be further checked considering impairments.
Observation 4: Tinterrupt for CE Mode B FD-FDD, HD-FDD, and TDD cases is not consistent with the RRC protocol specification and should be updated to include MIB acquisition delay as a new parameter. One possible name for this parameter may be TSI-EUTRA-M1-CEModeB.

Observation 5: An initial result for the MIB acquisition delay of 770 ms, based on simulations without considering impairments, has been obtained for CE Mode A.  This value can be defined and verified as an RRM test case in the specification and should be further checked considering impairments.  However, due to diminishing gains in performance of the keep trying algorithm vs. the number of MIB TTIs, the acquisition delay for CE Mode B may be significantly larger than the unimpaired estimate.

Observation 6: Further discussions related to the applicability of PBCH repetitions to the minimum RRM requirements which involve MIB acquisition are needed.
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5.2.2.2	Initiation


The UE shall apply the system information acquisition procedure upon selecting (e.g. upon power on) and upon re-selecting a cell, after handover completion, after entering E-UTRA from another RAT, upon return from out of coverage, upon receiving a notification that the system information has changed, upon receiving an indication about the presence of an ETWS notification, upon receiving an indication about the presence of a CMAS notification, upon receiving a notification that the EAB parameters have changed, upon receiving a request from CDMA2000 upper layers and upon exceeding the maximum validity duration. Unless explicitly stated otherwise in the procedural specification, the system information acquisition procedure overwrites any stored system information, i.e. delta configuration is not applicable for system information and the UE discontinues using a field if it is absent in system information unless explicitly specified otherwise.


For BL UEs and UEs in CE, all SI information required by the UE in RRC_CONNECTED except MIB is provided by the eNB at handover with dedicated signalling.








5.3.5.4	Reception of an RRCConnectionReconfiguration including the mobilityControlInfo by the UE (handover)


If the RRCConnectionReconfiguration message includes the mobilityControlInfo and the UE is able to comply with the configuration included in this message, the UE shall:


1>	stop timer T310, if running;


1>	stop timer T312, if running;


1>	start timer T304 with the timer value set to t304, as included in the mobilityControlInfo;


1>	stop timer T370, if running;


1>	if the carrierFreq is included:


2>	consider the target PCell to be one on the frequency indicated by the carrierFreq with a physical cell identity indicated by the targetPhysCellId;


1>	else:


2>	consider the target PCell to be one on the frequency of the source PCell with a physical cell identity indicated by the targetPhysCellId;


1>	start synchronising to the DL of the target PCell;


NOTE 1:	The UE should perform the handover as soon as possible following the reception of the RRC message triggering the handover, which could be before confirming successful reception (HARQ and ARQ) of this message.


1>	if BL UE or UE in CE:


2>	acquire the MasterInformationBlock in the target PCell;


1>	reset MCG MAC and SCG MAC, if configured;


1>	re-establish PDCP for all RBs that are established;





5.5.2.1.2	Interruption time


The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay. This requirement applies when UE is not required to perform any synchronisation procedure before transmitting on the new PRACH.


When intra-frequency handover is commanded, the interruption time shall be less than Tinterrupt


	Tinterrupt = Tsearch + TIU + 20 ms


Where:


Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is unknown and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = 80 ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.


TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the target cell. The actual value of TIU shall depend upon the PRACH configuration used in the target cell.


In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement for a time duration equal or longer than the time duration required for the cell identification. Otherwise, it is unknown. The time duration required for the cell identification is specified in relevant intra-frequency cell identification requirements as described in Clause 8.13.2.1 for CEModeA.








5.6.2.1.2	Interruption time


The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay. This requirement applies when UE is not required to perform any synchronisation procedure before transmitting on the new PRACH.


When intra-frequency handover is commanded, the interruption time shall be less than Tinterrupt


	Tinterrupt = Tsearch + TIU + [20] ms


Where:


Tsearch is the time required to search the target cell when the target cell is not already known to the UE when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is unknown and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = 80 ms. If the target cell is known then Tsearch shall be according to the non-DRX cell identification requirements specified in Clause 8.13.3.1 for a UE configured with CEModeB.


TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the target cell. The actual value of TIU shall depend upon the PRACH configuration used in the target cell and the PRACH coverage enhancement level used by the UE for sending the random access to the target cell. TIU can be up to TBD ms.


In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during the last TBD seconds. Otherwise, it is unknown. The time duration required for the cell identification is specified in relevant intra-frequency cell identification requirements as described in Clause 8.13.3.1 for a UE configured with CEModeB.








6.6.4	Mapping to resource elements


The block of complex-valued symbols� EMBED Equation.3  ��� for each antenna port is transmitted during 4 consecutive radio frames starting in each radio frame fulfilling � EMBED Equation.3  ��� and shall be mapped in sequence starting with � EMBED Equation.3  ��� to resource elements � EMBED Equation.3  ��� constituting the core set of PBCH resource elements. The mapping to resource elements � EMBED Equation.3  ��� not reserved for transmission of reference signals shall be in increasing order of first the index� EMBED Equation.3  ���, then the index � EMBED Equation.3  ��� in slot 1 in subframe 0 and finally the radio frame number. The resource-element indices are given by 


� EMBED Equation.3  ���


where resource elements reserved for reference signals shall be excluded. The mapping operation shall assume cell-specific reference signals for antenna ports 0-3 being present irrespective of the actual configuration. The UE shall assume that the resource elements assumed to be reserved for reference signals in the mapping operation above but not used for transmission of reference signal are not available for PDSCH or MPDCCH transmission. The UE shall not make any other assumptions about these resource elements. 


If a cell is configured with repetition of the physical broadcast channel 


-	symbols mapped to core resource element � EMBED Equation.3  ���  in slot 1 in subframe 0 within a radio frame � EMBED Equation.3  ��� according to the mapping operation above, and


-	cell-specific reference signals in OFDM symbols � EMBED Equation.3  ��� in slot 1 in subframe 0 within a radio frame � EMBED Equation.3  ��� with � EMBED Equation.3  ��� according to the mapping operation above


shall additionally be mapped to resource elements � EMBED Equation.3  ��� in slot number � EMBED Equation.3  ��� within radio frame � EMBED Equation.3  ��� unless resource element � EMBED Equation.3  ��� is used by CSI reference signals. 


For frame structure type 1, � EMBED Equation.3  ���, � EMBED Equation.3  ���, and � EMBED Equation.3  ��� are given by Table 6.6.4-1. 


For frame structure type 2,


-	if � EMBED Equation.3  ���, � EMBED Equation.3  ��� and � EMBED Equation.3  ��� are given by Table 6.6.4-2 and � EMBED Equation.3  ���; 


-	if � EMBED Equation.3  ���, � EMBED Equation.3  ��� and � EMBED Equation.3  ��� are given by Table 6.6.4-2 and � EMBED Equation.3  ���, except that repetitions with � EMBED Equation.3  ��� and � EMBED Equation.3  ���  are not applied.  


For both frame structure type 1 and frame structure type 2, repetition of the physical broadcast channel is not applicable if � EMBED Equation.3  ���.


Resource elements already used for transmission of cell-specific reference signals in absence of repetition shall not be used for additional mapping of cell-specific reference signals. 


Table 6.6.4-1: Frame offset, slot and symbol number triplets for repetition of PBCH for frame structure type 1.


� EMBED Equation.3  ����
Frame offset, slot and symbol number triplets � EMBED Equation.3  ����
�
�
Normal cyclic prefix�
Extended cyclic prefix�
�
0�
(1,18,3), (1,19,0), (1,19,4), (0,0,4)�
(1,18,3), (1,19,0), (1,19,5)�
�
1�
(1,18,4), (1,19,1). (1,19,5), (0,1,4)�
(1,18,4), (1,19,1). (0,0,3)�
�
2�
(1,18,5), (1,19,2), (1,19,6), (0,1,5)�
(1,18,5), (1,19,2), (0,1,4)�
�
3�
(1,18,6), (1,19,3), (0,0,3), (0,1,6)�
(1,19,3), (1,19,4), (0,1,5)�
�
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