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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 [2]:
· 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 #80bis meeting, the following alternatives and options were listed for the designs for RAR/paging for MTC [2]:

· 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 this contribution, following the above agreements, we share our views on enhancements to paging transmission for low complexity (LC) MTC devices with reduced bandwidth and in enhanced coverage in LTE systems.
2 Link-level evaluations of paging transmissions in normal coverage

In order to better understand the transport capacity of the PDSCH when restricted to narrowbands of 6 PRBs, link-level simulations were conducted to evaluate the BLER performance of paging transmissions when a single paging message is used to address different numbers of UEs. Specifically, payloads of 56, 96, 144, and 184 bits (plus 24-bit CRC) were considered corresponding to the cases of a single paging message being used to page 1, 2, 3, and 4 UEs respectively. The PDSCH transmission is over 6 PRBs and a target BLER of 1% at an SNR of -4dB (corresponding to target SNR in normal coverage). In addition to repetitions of the PDSCH transmissions as shown in Figure 1, results with cross-subframe channel estimation (window size 2) and frequency hopping are presented in Figure 2. Remaining simulation assumptions are detailed in the Appendix.
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Figure 1:  BLER performance of paging transmissions
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Figure 2:  BLER performance of paging transmissions with repetitions, cross-subframe channel estimation (window size 2) and frequency hopping
As can be seen in Figure 1, even with 4 repetitions, paging message with 56 bits (corresponding to 1 UE) cannot meet the target performance of 1% BLER for normal coverage at -4 dB SNR. From Figure 2, it is seen that 4 repetitions and additional coverage enhancement techniques like frequency hopping and cross-subframe channel estimation are required to meet the BLER performance target at -4 dB SNR for paging messages addressing up to 2 UEs. To address 3 or more UEs, more than 4 repetitions are needed. 
Clearly, in enhanced coverage, the number of repetitions can be expected to be much higher if multiple UEs are addressed in a single paging message.
Observation 1:

· Even in normal coverage, a relatively large number of repetitions and additional coverage enhancement techniques are needed for paging message transmissions to address multiple UEs.
Proposal 1:

· Either a single UE (preferred) or up to very small number (e.g., 2) of UEs can be addressed in a single paging message. 

3 Scheduling and Resource allocation for Paging Messages
In general, three options can be considered for the resource allocation of the transmission of common control channels for MTC UEs with reduced bandwidth support. Here, we focus on Options 1 and 3 (from Section 1) since in our view Option 2 may not be beneficial unless the paging message size is reduced significantly. Additional details on Option 2 in relation to RAR transmission are presented in our companion contribution [3].
As discussed in [3], similar to RAR transmissions, transmission of paging messages can be considered with or without associated dynamic scheduling carried by the physical downlink control channel for MTC.

Very similar considerations as detailed in [3] for RAR transmissions apply for transmission of paging messages as well and are not repeated here for brevity. In summary, transmission of paging messages without dynamic scheduling should be considered to reduce control overhead, UE power consumption, and in minimizing the latency in transmission of the paging message.
Three apparent challenges worthy of further discussion related to paging message transmission without dynamic scheduling are: 
1. support of flexibility in transport block size (TBS) and possibly MCS selection for PDSCH transport blocks (TBs) carrying paging messages;
2. support of flexibility at the network side that can help prevent excessively high blocking probability in case a large number of UEs need to be paged simultaneously; and 
3. potentially increased UE power consumption if it monitors for paging transmissions always assuming the worst coverage condition. 
For Challenge #1 above, as clearly indicated by the simulation results reported in Section 2, it may not be very practical to multiplex paging messages for multiple Rel-13 LC MTC UEs with reduced BW support and/or MTC UEs in enhanced coverage in a single PDSCH TB.
Challenge #2 regarding effective control of the user blocking probability requires further discussion in RAN1 and RAN2 WGs regarding the expected loading conditions for paging messages for typical MTC traffic, and whether frequency multiplexing of multiple 6-PRB-wide narrowbands for paging within the system BW can address the blocking issue effectively. In order to address the potential user blocking for paging transmissions, multiplexing in the frequency dimension should be specified where the frequency resource location can be a function of the UE ID, Physical Cell ID, etc.
Challenge #3 bears some relation to some decisions made by RAN2 WG at the RAN2 #89bis meeting [4]. Specifically, RAN2 WG made the following agreements:

1
Rel-13 “normal complexity” UEs in enhanced coverage are paged using the mechanism introduced for paging Rel-13 “low complexity” UEs.

3
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. 

7
Coverage enhancement level related information and the corresponding cell ID is provided from eNB to MME.

8
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).

Based on Agreements 1 and 3 above, a description of the paging mechanism considering repetitions for enhanced coverage (EC) support is depicted in Figure 2 below. 
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Figure 3:  Paging reception for different EC levels

In the figure, the red subframe represents the starting subframe of the paging occasion. A paging message is transmitted for the first time in this starting subframe and then repeated according to a repetition pattern up to the final blue subframe. A Rel-13 low complexity UE that is in normal coverage (referred to as EC level 0 in the figure) should be able to successfully receive paging based on reception of just the red subframe. A UE in extended coverage level 1 (respectively 2, 3) should be able to successfully receive paging based on N1 subframes (respectively N2, N3 subframes). It is assumed that the number of repetitions (N1, N2, N3) corresponding to each coverage level will be known to the UE based on, for example, information broadcast in system information.

Proposal 2:

· The number of repetitions for paging transmissions corresponding to each EC level is known to the UE, for example is broadcasted as part of the system information. 

For the above paging transmission mechanism, it may appear that a UE may always needs to assume the worst coverage condition and try decoding the paging message for all EC levels including the highest EC level. This can definitely have an adverse effect on the UE power consumption, especially considering that in many paging occasions, there will be no paging message transmitted. However, it may be possible to have a UE behavior that can monitor the paging transmissions based on its current coverage conditions. This can be possible if EC level determination based on, e.g. RSRP measurements can be feasible. Accordingly, the UE would monitor for paging transmissions only corresponding to its identified EC level and not necessarily up to the highest repetition level.
Also, it is worth noting here that a UE can stop monitoring for paging during a PO once it successfully decodes any paging message even if it is not addressed to itself. Additional options for UE behavior (e.g., monitoring based on the EC level the UE was in during the last time it was in CONNECTED mode) and different trade-offs are described in [5]. Thus, Challenge #3 on increased UE power consumption can be addressed via appropriate UE behavior that does not necessarily mandate a UE to monitor for paging transmissions up to the highest EC level. 
In summary, transmission of paging for MTC UEs with reduced BW support as well as UEs in enhanced coverage mode should be based on Option 3 (on PDSCH without M-PDCCH) as it can help reduce resource overhead, UE complexity and specification impact, and is well aligned with the RAN2 decision of defining a common paging mechanism for both LC MTC UEs with reduced BW support and MTC UEs in EC. 
Proposal 3:

· Transmission of paging messages without dynamic scheduling via the M-PDCCH (Option 3) should be supported for MTC UEs with reduced bandwidth and for UEs in enhanced coverage in order to minimize control overhead at the system level, UE complexity and specification impact. 
Additional P-RNTI for Option 1 (Paging scheduled by M-PDCCH)
In case it is agreed to support paging transmission using dynamic scheduling using M-PDCCH (Option 1), 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. 

Note that, if repeated transmissions of paging messages are used to address Rel-13 LC MTC UEs in normal coverage (for instance, if multiple Rel-13 LC MTC UEs are addressed in a single paging message), then it may also be beneficial to distinguish such UEs from other UEs in normal coverage.
Proposal 4:
· If dynamic scheduling is applied for paging transmission, additional P-RNTI may be desirable to distinguish the traffic between the legacy UEs and at least the MTC UEs in enhanced coverage.
4 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. 
Based on the analysis above, it can be seen that these options have some desirable properties while suffering from certain significant limitations. RAN2 agreements at the RAN2 #89bis meeting indicate the adoption of Option a) above. In this regard, it needs to be checked whether sufficient number of repetitions can be accommodated within a single paging cycle. This further motivates the minimization of subframes used by M-PDCCH and PDSCH to carry the paging messages and using small TBS values for paging messages (e.g., a paging message on a per-UE basis). 
Proposal 5:
· RAN1 to further study the details of the repetition patterns and time-frequency resources used for paging transmissions in enhanced coverage.
5 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:
Observation 1:

· Even in normal coverage, a relatively large number of repetitions and additional coverage enhancement techniques are needed for paging message transmissions to address multiple UEs.
Proposal 1:

· Either a single UE (preferred) or up to very small number (e.g., 2) of UEs can be addressed in a single paging message. 

Proposal 2:

· The number of repetitions for paging transmissions corresponding to each EC level is broadcasted as part of the system information. 

Proposal 3:

· Transmission of paging messages without dynamic scheduling via the M-PDCCH (Option 3) should be supported for MTC UEs with reduced bandwidth and for UEs in enhanced coverage in order to minimize control overhead at the system level, UE complexity and specification impact. 

Proposal 4:

· If dynamic scheduling is applied for paging transmission, additional P-RNTI may be desirable to distinguish the traffic between the legacy UEs and at least the MTC UEs in enhanced coverage.

Proposal 5:
· 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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Appendix: Simulation Assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	Frame type
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x1 with low correlation

	Channel model
	EPA-1Hz

	Residual frequency offset
	100Hz 

	CFI
	3

	Payload size
	56, 96, 144, 184 bits (+ 24-bit CRC)

	PDSCH occupied BW
	6 PRBs

	HARQ
	Not enabled

	Performance target
	1% BLER

	Repetition level
	1, 2, 4

	Channel estimation
	Cross-subframe channel estimation using 2D-MMSE
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