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Discussion/Decision
1
Introduction
In RAN1 #80bis, the following alternatives and options were listed for RAR and paging transmission for MTC UE [1]: 
Agreements:
· Alternatives for number of UEs in paging/RAR message 

· Alt 1. Fixed number of UE(s)

· Alt 2. Variable number of UEs

· Alt 3. Variable number of UEs with variable padding (total size is fixed)

· Options for paging/RAR transmission mechanism

· Option 1. M-PDCCH + PDSCH carrying paging/RAR messages

· Option 2. M-PDCCH carrying paging/RAR message

· Option 3. PDSCH carrying paging/RAR message

· Further study with consideration of the followings

· Blocking probability needs to be considered

· How many UE monitoring occasions can be configurable in the system

· Spectral efficiency, UE power consumption, and network/UE complexity

In addition, the followings have been agreed in RAN2 #89bis for paging for MTC UE:

· Rel-13 “normal complexity” UEs in enhanced coverage are paged using the mechanism introduced for paging Rel-13 “low complexity” UEs.

· For CN initiated paging, the starting subframe of a Paging Occasion and the repetition pattern of that Paging Occasion is determined irrespective of the UEs coverage extension level.

· Extend the radio paging information container (MME => eNB) to provide information on whether the paging request is for a Rel-13 low complexity/enhanced coverage UE.

· For LC/EC UEs, RAN2 considers it beneficial if the CN (MME) provides the “paging attempt number” to the eNB.

· Coverage enhancement level related information and the corresponding cell ID is provided from eNB to MME.

· The UE does not inform the network when it changes the extended coverage level within a cell nor when it changes to another cell while being in extended coverage (unless it changes the tracking area)

· Inform RAN1, RAN3, SA2, and CT1 about the discussion above.

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

2
Considerations on Paging for MTC UE
Paging is currently used to page a UE in RRC 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 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 occasssions. 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 reaquire 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-1: the paging is used for system info. update indication for both normal and enhanced coverage.
The POs within the PFs are determined as a function of UE-ID, therefore a variable number of UEs may need to share the same POs. In case that multiple subbands are used for paging transmission, the paging messages may be multiplexed in a different frequency location which may reduce the number of UEs share the same time/frequency resource for paging. However, there is a still possibility that two or more UEs share the same POs and the same frequency location as the time/frequency resource for a paging message still needs to be determined as a function of UE-ID. Therefore, irrespective of the use of multiple subbands for paging transmission or not, a variable number of UEs need to be supported in a paging message to avoid a blocking problem for both normal and enhanced coverage.
Proposal-2: a paging message can multiplex a variable number of UEs for both normal and enhanced coverage.
Since the payload size of a paging message may vary and may be relatively large as compared with that for the associated DCI and a UE in enhanced coverage needs to monitor a paging message with repetitions in each PO, the paging reception without an associated DL control channel may result in significant UE battery consumption unnecessarily since in most case the UE may not be paged or indicated for the system information modification. Furthermore, RAN2 has agreed that a UE may not update the CE level during RRC idle mode and the starting subframe of each PO is the same for all CE levels, which implies that eNB may increase the CE level progressively if a UE fails to receive the paging in a certain CE level. Therefore, a UE in enhanced coverage should assume the worst case CE level is used by the eNB always in each PO irrespective of the last CE level used by the UE when connected. Given that a UE’s CE level may change, unless the UE can accurately determine the number of repetitions it needs to receive a page, a UE in enhanced coverage will need to attempt to decode up to the highest CE level configured for paging monitoring in each PO.  The UE will need to combine repetitions until it successfully receives the paging message or the maximum repetitions are used. In POs with no page, the maximum will always need to be used. The UE battery consumption gets more significant if the paging message is transmitted without an associated DL control channel.
In order to minimize the number of repetitions and active time for paging monitoring for a coverage limited UE in RRC idle mode, an associated DL control channel (i.e. M-PDCCH) with a compact DCI should be used for a paging message scheduling. The use of M-PDCCH for the paging message scheduling can provide scheduling flexibility to support a variable number of UEs as well. In the case that the M-PDCCH is used for paging message scheduling, the search space of the M-PDCCH for paging may need to support all CE levels supported in the cell to allow dynamic switching of CE level for paging transmission.
Proposal-3: M-PDCCH is used with a compact DCI for paging message scheduling.
Proposal-4: M-PDCCH search space for paging includes all CE levels configured in the cell.
The indication bits for the system information modification has been transmitted within the paging message. Therefore, if a system information is changed the eNB should broadcast the system information update indication in all paging occasions, which may not be an issue for normal coverage case as no repetition is used for control and data channels. However, this may result in a significant resource waste for the enhanced coverage case since the M-PDCCH and the associated PDSCH carrying paging message need to be transmitted with a highest number of repetitions. Since only few bits are required to indicate the system information modification, it may be beneficial to indicate the system information modification in the associated DCI so that a UE in enhanced coverage may not need to receive the associated PDSCH to check system information update which may reduce the UE battery consumptions.
Proposal-5: one or more indication bits are transmitted in the associated DCI for system info. update.
3
Conclusion
In this contribution, we discussed on the remaining issues on paging for MTC UE. From the discussions, we propose followings:
Proposal-1: the paging is used for system info. update indication for both normal and enhanced coverage.
Proposal-2: a paging message can multiplex a variable number of UEs for both normal and enhanced coverage.
Proposal-3: M-PDCCH is used with a compact DCI for paging message scheduling.
Proposal-4: M-PDCCH search space for paging includes all CE levels configured in the cell.
Proposal-5: one or more indication bits are transmitted in the associated DCI for system info. update.
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