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1 Introduction

Enhancements to paging transmissions are necessary in order to be received by low complexity (LC) MTC UEs with reduced bandwidth support as well as for other MTC UEs in enhanced coverage. In this regard, the following agreements were made at the RAN1 #79 meeting [1]:
· RAR/Paging messages for Rel-13 low-complexity UEs and/or UEs operating coverage enhancements (CE) are transmitted separately from RAR/Paging messages for other UEs

· RAR/paging message intended for Rel-13 low-complexity UE and/or UE operating CE can support PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels
· For paging, from RAN1 perspective, followings are beneficial
· The eNB needs knowledge that the UE to be paged is a Rel-13 low-complexity UE and/or is a UE that is to be paged using CE

· If possible, it is beneficial for eNB to have knowledge on the required amount of coverage enhancement during Paging message transmission
Further, at the RAN1 #81 meeting, the following was agreed as a working assumption [3]:

· 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
In this contribution, we share our views on enhancements to paging transmission for low complexity (LC) MTC devices with reduced bandwidth and in enhanced coverage (EC) in LTE systems. Details of scheduling and transmission of random access response (RAR) messages for Rel-13 LC/EC MTC UEs are discussed in our companion contribution [4].
2 Scheduling and Resource allocation for Paging Messages
In consideration of network scheduling flexibility, alleviation of blocking probability, and device power consumption reduction due to monitoring for paging transmissions, use of dynamic scheduling using M-PDCCH to schedule paging message transmission on PDSCH was agreed as a working assumption by RAN1 WG. This implies that, similar to the considerations in [4] for transmission of RAR, a non-UE-specific search space for monitoring of M-PDCCH transmissions with the DL scheduling assignment for the PDSCH carrying the paging message, referred to as nUE-SS-Paging in this work, needs to be defined.
The nUE-SS-Paging may be separately configured via MTC SIBs as a non-UE-specific search space for M-PDCCH that a UE monitors during the period of time defined by the Paging Frame (PF) and Paging Occasion (PO) and elaborated below. Alternatively, a single common configuration for a non-UE-specific SS (nUE-SS), with the exception of defining multiple narrowband (NB) indices to alleviate user blocking problem for paging, may be provided in the MTC SIB covering multiple functionalities, e.g., scheduling of paging and RAR messages, scheduling of Message 4, etc. In this case, the nUE-SS-Paging can be interpreted as the instance of the nUE-SS that a UE is expected to monitor starting at or before the starting subframe of the PO. Specifically, the following two alternatives may be considered:

· The M-PDCCH transmission carrying the scheduling assignment is transmitted in the PO with the scheduled PDSCH carrying the paging message transmitted in subsequent subframes with the starting subframe of the PDSCH repetitions occurring k subframe(s) after the first PO; 

· The PDSCH carrying the paging message is transmitted in the PO as per existing specifications but the MTC UE is specified to wake up at least k subframe(s) before the PO to receive the M-PDCCH with the scheduling assignment for the PDSCH. 
In the above, k denotes the time-gap between the starting subframe of the M-PDCCH repetition and the starting subframe of the associated PDSCH in units of subframes. Thus, k includes the number of M-PDCCH repetitions and the time-gap between the last repetition of the M-PDCCH and the first repetition of the associated PDSCH.
Proposal 1:

· A non-UE-specific search space (nUE-SS) for monitoring of M-PDCCH transmissions with the DL assignment for the PDSCH conveying the paging message, nUE-SS-Paging, needs to be defined. 

· The nUE-SS-Paging is monitored by a Rel-13 LC/EC MTC UE in subframes beginning at or before the starting subframe of the paging occasion (PO).
· The nUE-SS-Paging configuration is provided to the MTC UEs using the MTC SIB.

Proposal 2:
· For paging message reception, FFS between:

· A Rel-13 LC/EC MTC UE is expected to wake up and monitor for M-PDCCH transmissions with the DL assignment for paging message transmissions from the starting subframe of the PO in each paging cycle, and

· A Rel-13 LC/EC MTC UE is expected to wake up and monitor for M-PDCCH transmissions with the DL assignment for paging message transmissions at least k subframe(s) before the starting subframe of the PO in each paging cycle, where k is the number of subframes from the starting subframe of the M-PDCCH repetition to the starting subframe of the associated PDSCH repetitions.
In summary, similar to the case for RAR [4], a UE would not need to monitor the nUE-SS-Paging for all valid subframes for M-PDCCH transmission but only during certain subframes that either correspond to start of the PO or subframes that occur before the PO by a time-gap that is either pre-defined or configured.

Configuration of non-UE-specific Search Space for Paging (nUE-SS-Paging)
Similar concepts as described for the M-PDCCH non-UE-specific SS for RAR [4] can be applied for defining the nUE-SS-Paging. Specifically, one or multiple instances of nUE-SS-Paging can be configured by the network. Multiple search spaces can be configured such that different UEs can monitor different physical resources in frequency, e.g., different NBs for M-PDCCH carrying scheduling assignment for paging message transmission. This can help minimize the user blocking probability for paging transmissions. The NB to monitor nUE-SS-Paging can be defined as a function of the UE_ID, e.g., the s-TMSI or IMSI. 
Here, it should be noted that the configuration of the multiple instances of nUE-SS-Paging on different NBs is consistent with the following RAN2 agreements [5] as long as the mapping to different NBs for nUE-SS-Paging is based on a UE_ID rather than EC level:
· 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.
· Rel-13 “normal complexity” UEs in enhanced coverage are paged using the mechanism introduced for paging Rel-13 “low complexity” UEs.
A schematic representation of the above RAN2 agreements assuming a single NB for nUE-SS-Paging is shown in Figure 1.
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Figure 1:  Paging reception for different EC levels
Proposal 3:
· One or multiple instances of nUE-SS-Paging can be configured by the network. Multiple search spaces can be configured such that different UEs can monitor different frequency resources, e.g., different narrowbands (NBs).

· The NB to monitor nUE-SS-Paging can be defined as a function of the UE_ID, e.g., the s-TMSI or IMSI.

For paging of UEs in RRC CONNECTED mode, the UE can monitor the same nUE-SS-Paging that it monitors in RRC IDLE mode. If multiple nUE-SS-Paging are defined, then for CONNECTED mode paging, it may require the network to transmit the DCI scheduling the paging message in each of the nUE-SS-Paging if, for example, all UEs in the network are to be paged (as may be required for System information update or Public Warning System (PWS) related paging). 

Alternatively, POs separate from the POs for Idle mode paging (i.e., those triggered by Mobile Terminated traffic) can be defined for System Information Update and PWS-related paging and a single nUE-SS-Paging in a specific NB indicated by MTC SIB can be defined for all UEs in the cell to monitor for scheduling of these paging messages. The scheduling M-PDCCH and the associated PDSCH for these paging messages can be transmitted with the maximum Repetition Level (RL) configured based on the maximum target EC level supported by the cell.

Yet another option may be to directly transmit the PWS- and System Information Update-related paging information via the M-PDCCH directly that is transmitted within the nUE-SS-Paging. However, the system resource utilization efficiency and scheduling flexibility against the potential increase in number of the blind decoding attempts for decoding different DCI formats within the nUE-SS-Paging should be carefully considered for this option.
As for the case of RAR, the configuration of a nUE-SS-Paging for M-PDCCH can be provided in the MTC SIB. The configuration information can include at least one or some, if not all, of the following: starting subframe for M-PDCCH repetitions, Repetition Level (RL) for the M-PDCCH in the nUE-SS-Paging, Aggregation Levels (ALs) used for M-PDCCH, the NB index, the PRBs within the NB that constitute the M-PDCCH-PRB set. 

As mentioned above, the starting subframe for M-PDCCH repetitions can be derived w.r.t. the starting subframe defining the PO and the RL used for the M-PDCCH. The AL used for M-PDCCH for paging can be fixed to the maximum AL = 24 and the M-PDCCH-PRB set for the nUE-SS-Paging fixed to 6 PRBs of a NB. This can help minimize the number of repetitions needed for transmitting the M-PDCCH for paging scheduling and thereby help reduce UE power consumption incurred due to monitoring for paging messages.
Proposal 4:
· Further investigate between the following options for Connected mode paging:
· UEs in CONNECTED mode monitor the same nUE-SS-Paging as for monitoring for Idle mode paging;

· UEs in CONNECTED mode monitor a separately defined nUE-SS-Paging in a specific NB and POs for System Information Update and PWS-related paging are distinct from POs for Idle mode paging;

· Paging information related to System Information Update and PWS are transmitted directly using the M-PDCCH within the nUE-SS-Paging.
Additional P-RNTI for Rel-13 MTC UEs in Enhanced Coverage

It would be desirable to distinguish the paging messages at least for UEs in enhanced coverage from other UEs in order to avoid the former from trying to decode paging transmissions intended for other UEs and vice-versa. This can be achieved by defining a new Paging-RNTI (P-RNTI) for MTC UEs in enhanced coverage compared to that for regular UEs. Further, the P-RNTI can also be a function of the enhanced coverage (EC) level if the latter information can be available at the eNodeB based on whether information about the last known coverage situation can be stored in the Core Network (CN) during the time the UE is in IDLE mode and provided back to the eNodeBs within the tracking area(s) (TA(s)) when the UE is to be paged. Note that the last requirement has already been agreed in RAN2 WG. 
Proposal 5:
· Additional P-RNTI may be desirable to distinguish the traffic between the legacy UEs and at least the MTC UEs in enhanced coverage.
3 Coverage enhancement for paging
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Figure 3. Repeated paging transmissions for MTC UEs in enhanced coverage mode

As shown in the Figure 3, several options can be considered for the design of repeated paging transmission for MTC UEs in enhanced coverage mode. The detailed analysis for each option is presented as follows:

· Option a): Paging transmission is repeated across multiple subframes within one paging cycle. For this option, MTC UEs in enhanced coverage mode may employ cross-subframe channel estimation to further improve the decoding performance. However, given that MTC UEs need to monitor and attempt to decode repeated paging transmission across multiple subframes within each page cycle, substantial power consumption for MTC UEs in enhanced coverage mode can be expected. In addition, possible resource collision may occur between multiple repeated paging transmissions within one paging cycle which targets for MTC UE with different coverage extension levels. 
· Option b): Paging transmission is repeated only on the possible legacy paging occasions. Compared to the option a), resource collision between multiple repeated paging transmissions within one frame may be avoided at the cost of longer paging delay. It is also worth mentioning that this option may not increase the power consumption due to the fact that MTC UEs in enhanced coverage mode only need to decode one paging transmission within one paging cycle. 
· Option c): Certain level of repetitions for paging transmission within one paging cycle as well as repeated transmission across multiple paging cycles can be specified. In particular, the number of paging repetitions within one paging cycles may be predefined or configured by eNB via SIB. Note that a small number of repetitions within one paging cycle may be beneficial in terms of reduced power consumption and avoidance of potential resource collision for MTC UEs with different coverage extension levels. In general, this option may achieve appropriate tradeoff between UE power consumption and paging latency. 
RAN2 agreements at the RAN2 #89bis meeting indicate the adoption of Option a) above. In this regard, it needs to be ascertained whether sufficient number of repetitions can be accommodated within a single paging cycle.
Proposal 6:
· RAN1 to further study the details of the repetition patterns and time-frequency resources used for paging transmissions in enhanced coverage.
4 Conclusions

In this contribution, we provided our views on enhancements to transmission of paging messages for MTC UEs with reduced bandwidth and MTC UEs in enhanced coverage. Based on the discussion presented, we summarize our views through the following observation and proposals:
Proposal 1:

· A non-UE-specific search space (nUE-SS) for monitoring of M-PDCCH transmissions with the DL assignment for the PDSCH conveying the paging message, nUE-SS-Paging, needs to be defined. 

· The nUE-SS-Paging is monitored by a Rel-13 LC/EC MTC UE in subframes beginning at or before the starting subframe of the paging occasion (PO).
· The nUE-SS-Paging configuration is provided to the MTC UEs using the MTC SIB.

Proposal 2:
· For paging message reception, FFS between:

· A Rel-13 LC/EC MTC UE is expected to wake up and monitor for M-PDCCH transmissions with the DL assignment for paging message transmissions from the starting subframe of the PO in each paging cycle, and

· A Rel-13 LC/EC MTC UE is expected to wake up and monitor for M-PDCCH transmissions with the DL assignment for paging message transmissions at least k subframe(s) before the starting subframe of the PO in each paging cycle, where k is the number of subframes from the starting subframe of the M-PDCCH repetition to the starting subframe of the associated PDSCH repetitions.

Proposal 3:
· One or multiple instances of nUE-SS-Paging can be configured by the network. Multiple search spaces can be configured such that different UEs can monitor different frequency resources, e.g., different narrowbands (NBs).

· The NB to monitor nUE-SS-Paging can be defined as a function of the UE_ID, e.g., the s-TMSI or IMSI.

Proposal 4:
· Further investigate between the following options for Connected mode paging:
· UEs in CONNECTED mode monitor the same nUE-SS-Paging as for monitoring for Idle mode paging;

· UEs in CONNECTED mode monitor a separately defined nUE-SS-Paging in a specific NB and POs for System Information Update and PWS-related paging are distinct from POs for Idle mode paging;

· Paging information related to System Information Update and PWS are transmitted directly using the M-PDCCH within the nUE-SS-Paging.

Proposal 5:
· Additional P-RNTI may be desirable to distinguish the traffic between the legacy UEs and at least the MTC UEs in enhanced coverage.
Proposal 6:
· RAN1 to further study the details of the repetition patterns and time-frequency resources used for paging transmissions in enhanced coverage.
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