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1 Introduction 

In RAN1 #81, the following has been agreed for paging transmission for MTC UE [1]: 

Agreements:

· Options for RAR and Paging for Rel-13 low complexity UEs and UEs operating coverage enhancement:

· Option 1: M-PDCCH-scheduled PDSCH carrying the message(s)

· Option 2: M-PDCCH DCI carrying the message

· Option 3: M-PDCCH-less PDSCH carrying the message

· Agree the following as working assumptions for Paging:

· Support Option 1 for the case of a single Paging record in a narrowband

· This assumes that the DCI size will be relatively compact compared to the size of a Paging record 

· Support Option 1 for the case of multiple Paging records in a narrowband 

· Agree the following as working assumptions for RAR:

· Support Option 2 for the case of a single MAC RAR in a narrowband

· Support Option 1 for the case of multiple MAC RARs in a narrowband

· FFS: In case of small number of MAC RARs, some part of MAC RARs is included in the DCI, and remaining parts of MAC RARs are included in the PDSCH

· FFS whether eNB indicates support for Option 1 and/or Option 2 in SIB


· If eNB can indicate support for only Option 1 then Option 1 can be used also for a single MAC RAR

In this contribution, further details on paging for normal and enhanced coverage for MTC UEs will be discussed.

2 
Discussion
2.1 Scheduling of paging messages and associated control channel

In RAN1 it was agreed as a working assumption that a compact DCI is used to schedule one or more paging records for low complexity and coverage enhanced UEs.  A compact DCI can significantly reduce UE battery consumption by minimizing UE active time during RRC IDLE since a smaller number of repetitions may be required when monitoring a compact DCI when compared to a DCI carrying paging record(s). 

However, since the PDSCH carrying paging record(s) is bandwidth limited to 6 PRBs, the number of paging records that can be multiplexed within a subband can be limited especially for the coverage limited UEs.  Hence, in order to reduce blocking probability of paging messages, it would be beneficial to use multiple subbands for paging. 

Proposal 1 Frequency domain multiplexing of paging messages should be allowed for LC MTC UEs

Figure 1 shows an example of using multiple subbands for paging transmission, which allows multiplexing of UEs in a different frequency.
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Figure 1. An example of subband determination for M-PDCCH and its associated PDSCH.

If frequency domain multiplexing is allowed, the UE has to determine the starting time (frame and subframe) and frequency location in which to monitor the M-PDCCH for a paging message. 

The starting subframe of a paging occasion should be determined according to the legacy paging formula, and similar to the subframe determination in legacy formula, the frequency location of the M-PDCCH should be determined based on the UE-ID.

Proposal 2 The frequency location of M-PDCCH search space for paging is determined based on UE-ID and the starting subframe of a paging occasion is determined based on legacy paging formula.

In RAN1, it has been agreed as a working assumption that a variable number of LC UEs can be multiplexed together in a paging message (similar to legacy), which implies that data carried over the PDSCH may have a variable transport size.  Therefore, to maintain the scheduling flexibility of the paging messages (similar to current systems), the M-PDCCH should carry the transport block size information and the frequency location information.  Since the UE is not aware of the repetition number used by the eNB for the PDSCH, the M-PDCCH should also indicate the repetition level of the PDSCH.   

Proposal 3 The frequency location, repetition number and the TBS size of the associated paging PDSCH is indicated using the M-PDCCH

The DCI contents should be minimized as much as possible, by possibly pre-configuring the subset of subbands used for PDSCH (and indicating an index in the DCI) and reducing the set of possible TBS sizes that can be signalled to the UE.  

2.2 System Information Update

Paging is currently used to page a UE in RRC IDLE and/or to inform UEs in RRC IDLE and RRC CONNECTED about a system information change. Therefore an idle mode UE is required to monitor for paging messages or system information change notifications regularly in its paging occasion. If a UE receives a Paging message including the systemInfoModification (e.g. IE set to TRUE) it knows that the system information will change at the next modification period boundary and therefore it needs to reacquire the system information in the next BCCH modification period.

The UE determines/verifies whether a change has occurred in the SI messages by reading the systemInfoValueTag in SIB1 (e.g. upon return from out-of-coverage) or when receiving a system information change indication in the paging message. If no system information change has been received the UE may assume that no change of system information will occur at the next modification period boundary.  

It has been agreed that the MTC SIBs are defined and transmitted separately from the legacy SIBs and may contain a subset of the information of the legacy SIBs. The MTC SIBs similar to legacy SIBs will be subject to modification and therefore the LC MTC UEs should be required to be reacquire the updated system information at the next MTC specific modification period.    

To be aware of the system information change MTC UEs may either rely on receiving a system information change from the network in a page or on reading MTC SIB1. In order to page the UEs of all different coverage levels the network would need to page using the worst case CE repetition level in all paging occasions. This would result in a heavy use of available resources in the network. On the other hand, to avoid having to page the MTC UEs, the MTC UEs may be required to always receive MTC SIB1 in each BCCH modification period just to receive the value tag to check if the system information is updated. This however, would be highly inefficient from a power consumption point of view as the UE would need to re-acquire a potentially large MTC SIB1, requiring a large number of repetitions which may result in the increased UE active time and battery consumption. Therefore, the system information modification should be used and sent to the UE using paging mechanisms to indicate a change of system information for LC and enhanced coverage UEs.

Proposal 4 Paging mechanism is used to indicate a change of system information for both normal and enhanced coverage
Currently, a change of system information is indicated in the paging message, which includes a systemInfoModification bit.  Therefore, if a SI is changed the eNB needs to include the system information update indication in all paging messages and page the UE in all paging occasions to ensure that all UEs receive the message.  While this was not an issue for normal coverage UEs, for LC and EC UEs this may result in a significant resource waste since the control channel and the associated PDSCH carrying paging message need to be transmitted with the highest number of repetitions. 

Since the system modification information consists of a single bit, it may be beneficial to use the DCI to indicate a change of system information (i.e. the systemInfoModification is signalled directly on the DCI and the paging message doesn’t have to be sent over the PDSCH).  This would reduce resource wastage (as only the M-PDCCH needs to be transmitted without a PDSCH) and additionally reduce battery consumption in the UE (no need to receive the associated PDSCH).   

Proposal 5 A change of system information can be indicated directly in the associated DCI. One additional bit can be added to the DCI to indicate to the UE a change of system information

The change of system information can be indicated during the normal paging occasions of all UEs (e.g. network pages the UEs across all corresponding paging occasions).  However, as previously mentioned this may still lead to resource wastage as the eNB needs to repeat the M-PDCCH using the highest repetition level.  To minimize resource wastage one option is to define a paging occasion that all UEs monitor for the purpose of system information change.  The network would only need signal the SI change on the M-PDCCH using the DCI in these occasions and therefore minimize resource wastage.  However, this comes at the expense of battery consumption as the UE has to potentially wake up twice, once to monitor a normal paging occasion and a second time to monitor for a possible system information change indicator.  

Given that the resource wastage of transmitting a SI change using the DCI is much lower when compared to using the paging message, we believe that minimization of battery consumption for such idle mode UEs should be more important.  

Proposal 6 The system information change indication is sent to the UE using the normal UE paging occasion

3 Conclusion
In this contribution the following proposals were made related to paging

Proposal 7 Frequency domain multiplexing of paging messages should be allowed for LC MTC UEs

Proposal 8 The frequency location of M-PDCCH search space for paging is determined based on UE-ID and the starting subframe of a paging occasion is determined based on legacy paging formula.

Proposal 9 The frequency location, repetition number and the TBS size of the associated paging PDSCH is indicated using the M-PDCCH

Proposal 10 Paging mechanism is used to indicate a change of system information for both normal and enhanced coverage
Proposal 11 A change of system information can be indicated directly in the associated DCI. One additional bit can be added to the DCI to indicate to the UE a change of system information

Proposal 12 The system information change indication is sent to the UE using the normal UE paging occasion
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