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1. Introduction 
In RAN#65 [1], a new WI has been approved to further enhance the physical layer for MTC.  This contribution discusses some considerations on common control messages, namely SIB, RAR and Paging. 
2. Discussion
2.1 SIB
In the current system SIB1 indicates the SI window and SI period of the SI messages other than SIB1 and the UE decodes the PDCCH in the CSS for the presence of the SI message and its frequency allocation within the SI window. For LC-MTC, the time scheduling for the SI including the subframe can be indicated in SIB1 to avoid blind decoding in every subframe throughout the SI window by LC-MTC UE.  The time resource for SIB1 can be predefined in the specifications similar to what is done in the current system.
Proposal 1: The time resource (subframe) for SIBs other than SIB1 is indicated in SIB1.
Proposal 2: The time resource for SIB1 is predefined in the specifications.

Since the existing PDCCH cannot be used, the frequency & MCS scheduling of SIBs can be performed using one of the following:
1) Predefined in the specifications

2) SIB1 schedules the other SIBs
3) CSS using EPDCCH to schedule SIB

Predefined scheduling such as the frequency resource in specifications in general would reduce the scheduler flexibility, which is not preferable.  Frequency diversity can be achieved by defining a frequency hopping pattern in the specification.  This approach has the lowest overhead.  
Using SIB1 to schedule other SIBs offer some flexibility but dynamic changes to the SIB scheduling is difficult since SIB1 period is 80ms and UE is not expected to monitor SIB1 all the time.  The scheduling for SIB1 can be predefined in specification or indicated in the MIB (using spare bits).  This approach removes the need for EPDCCH at the expense of increased load in SIB1.
Scheduling SIB using EPDCCH offers the most flexibility.  The subband containing the EPDCCH CSS can be indicated in SIB1.  If the scheduling of other SIBs is not expected to change frequently, then using EPDCCH to schedule the SIBs incur high overhead especially when repetition is required on the EPDCCH.
Based on the above analysis, scheduling other SIBs using SIB1 is a compromise between flexibility and overhead.  The LC-MTC can monitor changes to SIB1 at least once every modification period for possible changes to the scheduling, thereby allowing some semi-static changes to the SIB scheduling.
Proposal 3: The scheduling (frequency & MCS) of other SIBs is indicated in SIB1

Proposal 4: Whether scheduling of SIB1 is predefined in specifications or indicated in the MIB is FFS.
2.2 RAR

The RAR message can be scheduled using EPDCCH in CSS or without EPDCCH.  We see the following issues if DCI (carried by EPDCCH) is not used to schedule RAR:

· Impose restriction on eNB scheduler since RAR would need to be constrained to specific predefined or broadcast locations.

· If search space is defined for RAR, then a new procedure for PDSCH search space is required.  It should be noted that the PDSCH carrying RAR has variable size (depending on the number of multiplexed RAR messages).  This would increase UE complexity in blind decoding for RAR since there will be multiple PDSCH “formats” for the UE to blind decode for
· An alternative would be to fix the RAR size for LC-MTC UEs (i.e. fixing the number of multiplexed RAR Messages, e.g. to 1). But this would impose restriction on eNB scheduler and potentially reduce the system efficiency.
· For coverage enhanced operation, the number of repetitions for PDSCH carrying RAR is larger than that for EPDCCH since the RAR message size is larger than that of DCI. Hence the LC-MTC UE would need to stay active longer to accumulate PDSCH compared to EPDCCH in order to decode for possible RAR.  This is not beneficial from a power saving point of view.

Unlike SIB, RAR is not sent periodically and hence the overhead saving without EPDCCH does not justify the additional scheduler restriction, complexity and impact to power saving.  Hence, we prefer that the RAR message is scheduled using EPDCCH in the CSS.  The CSS for RAR can be indicated in SIB1 or SIB2.

Proposal 5: RAR message is scheduled by EPDCCH in the CSS.  

For coverage enhancement, the repetition level used by the LC-MTC UE in transmitting the preamble can be used to determine the number of repetition used on the EPDCCH containing scheduling for the RAR.  Since the repetition level of PRACH is mapped onto the PRACH resource or preamble, a mapping of the repetition level of EPDCCH with the PRACH resource or preamble can therefore be used.  Such mapping can be indicated in the SIB (e.g. SIB2).  The repetition of the RAR message can be indicated by EPDCCH either implicitly or explicitly.

Proposal 6: The number of repetition used on the EPDCCH containing scheduling for the RAR message is determined by the PRACH resource or preamble used.  The mapping relationship between the repetition of this EPDCCH and the PRACH resource/preamble is indicated in the SIB.
The RAR message for each UE consists of:

· Header (8 bits)

· Timing Advance command (11 bits)

· UL Grant (20 bits)

· Temporary C-RNTI (16 bits)

These messages are octet aligned, i.e. where padding is inserted.  Currently the UL grant consists of:
· Hopping flag (1 bit)

· Fixed size resource block assignment (10 bits)

· Truncated modulation and coding scheme (4 bits)

· TPC command (3 bits)

· UL delay (1 bit)

· CSI request (1 bit)

Some optimisation can be done on the resource block assignment and MCS.  For coverage enhanced mode, TPC is not required since the LC-MTC UE is expected to transmit at maximum power.  This TPC bits can be used to indicate the repetition level for Message 3.  Some concerns were raised in previous meeting regarding the size of RAR and number of repetitions, if the repetition level of Message 3 is included [3].  Technically 2 bits is required to indicate repetition since we agreed that there will be 3 repetition levels for PRACH.  It should be appreciated that saving 2 bits out of possible 55 bits is not significant but using 2 bits can reduce repetition and LC-MTC UE power consumption for Message 3 where the repetition used in preamble may be higher than required since eNB may not be able to respond with RAR to all LC-MTC UE due to RAR resource and LC-MTC UE uses the next higher repetition level.  Furthermore the RAR needs to be octet aligned, where the padding required may exceed 2 bits.
Proposal 7: The RAR message indicates the repetition level for Message 3.
Currently the CSI request bit is used by the eNB to get a CQI report from the UE to help in scheduling.  In coverage enhanced mode this CSI request bit can be used to ask the UE to indicate the repetition level it requires in the downlink.  Alternatively, the UE will always report the repetition level for the downlink in Message 3.
Proposal 8: UE reports the repetition level required in the downlink in Message 3.
2.3 Paging

Paging is performed in the idle and connected mode.  In the idle mode, the paging message can be scheduled by EPDCCH or without EPDCCH.  Similar to RAR, the paging message is not periodic and the size is variable and the slight overhead reduction in not using EPDCCH does not justify the restriction at the scheduler, blind decoding complexity and increase in power consumption.

Proposal 9: For idle mode paging, the paging message is scheduled using EPDCCH in the CSS.

In connected mode, currently paging is used to indicate SI changes and for PWS.  

When there are changes to the SI, the value tag in SIB1 would indicate a change.  Instead of checking for possible paging in the EPDCCH CSS, the LC-MTC UE can check for changes in the SIB1 value tag in each modification period.  This would therefore remove the need for paging for SI changes.  The value tag can be expanded to indicate which SI has the changes so that the LC-MTC UE can avoid unnecessary decoding of SIBs that has no changes.  This is beneficial in coverage enhanced mode where reading a message would consume significant resources.  The LC-MTC UE need only to read SIB1 for SI changes once per modification period (a common modification period can be defined).
Proposal 10: Paging is not used to indicate SI changes instead, LC-MTC UE monitor for changes to SIB1 value tag.

Proposal 11: The SIB1 value tag is expanded to indicate which SI has been modified.
In the current system, after the UE is paged for PWS, the UE would check the SIB10-12 for the broadcast message.  Paging is not required for PWS if we use the same mechanism for SI change indication where UE read SIB1 for possible changes to SIB10-12.  However, unlike SI modification, PWS is urgent where the PWS message needs to reach the UE within 4 seconds.  Hence if the modification period is sufficiently short then this mechanism is sufficient.  Otherwise paging is required to indicate PWS to LC-MTC UE.
Proposal 12: FFS whether paging is required for PWS.
If PWS is paged then it is more efficient to indicate PWS using a new DCI rather than requiring a separate scheduled PDSCH (or blind decode PDSCH for PWS paging).  Such DCI message can contain 1 bit to indicate whether the page is for ETWS or CMAS and the EPDCCH carrying this DCI can use a separate P-RNTI to those used for idle mode paging.

Proposal 14: If paging is used for PWS, the DCI in the EPDCCH would indicate whether ETWS or CMAS message is present.
3. Conclusion

In this contribution we have discussed some considerations for common messages, namely SIB, RAR and Paging.  We propose:
Proposal 1: The time resource (subframe) for SIBs other than SIB1 is indicated in SIB1.
Proposal 2: The time resource for SIB1 is predefined in the specifications.

Proposal 3: The scheduling (frequency & MCS) of other SIBs is indicated in SIB1

Proposal 4: Whether scheduling of SIB1 is predefined in specifications or indicated in the MIB is FFS.
Proposal 5: RAR message is scheduled by EPDCCH in the CSS.  

Proposal 6: The number of repetition used on the EPDCCH containing scheduling for the RAR message is determined by the PRACH resource or preamble used.  The mapping relationship between the repetition of this EPDCCH and the PRACH resource/preamble is indicated in the SIB.
Proposal 7: The RAR message indicates the repetition level for Message 3.
Proposal 8: UE reports the repetition level required in the downlink in Message 3.

Proposal 9: For idle mode paging, the paging message is scheduled using EPDCCH in the CSS.

Proposal 10: Paging is not used to indicate SI changes instead, LC-MTC UE monitor for changes to SIB1 value tag.

Proposal 11: The SIB1 value tag is expanded to indicate which SI has been modified.
Proposal 12: FFS whether paging is required for PWS.
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