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1 Introduction
The agreements regarding paging achieved in the last meeting include:

Agreements:
· Paging messages for Rel-13 low-complexity UEs and/or UEs operating coverage enhancements (CE) are transmitted separately from Paging messages for other UEs

· 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
This contribution proceeds to analyze how the paging for Rel-13 MTC UEs in normal CE will be transmitted, how eNB transmits paging for CE in different levels, and how eNB determines the number of repetitions per CE level for paging. 
2 Discussion
It is agreed that paging for Rel-13 MTC and/or UE operating CE are transmitted separately from paging for other UEs, which will benefit eNB to transmit paging meeting different requirements. In order to facilitate eNB to separately transmit paging, eNB needs knowledge of UEs from Core Network (e.g., MME), i.e., whether UE to be paged is a Rel-13 MTC UE, or UE using CE, which should be initially reported to eNB or CN.
If paging for Rel-13 MTC UEs or UE operating CE is scheduled by DCI, it should be scrambled by an RNTI different from P-RNTI. Otherwise, Rel-13 MTC UEs and UE operating CE may try to decode paging for normal UEs, which is undesirable for the sake of UE power consumption and deviates from the spirit of separately transmitting paging from normal UE. 
Proposal 1: If paging for Rel-13 MTC UEs or UE operating CE is scheduled by DCI, it is scrambled by an RNTI different from P-RNTI.

2.1 Paging repetitions for UEs operating CE

If paging for UEs operating CE is not scheduled by DCI, UEs will try to decode blindly and/or by the related scheduling parameters obtained from the higher layers signalling. The scheduling parameters include PRB allocation, MCS, repetition numbers and subframes used for repetitions.  
WID states we can consider the amount of CE should be configurable per cell and/or per UE and/or per channel and/or group of channels to provide coverage enhancement [1]. UEs to be paged may require different amounts of CE, so if only supporting one level, paging needs to be transmitted in the level that suits the worst case UEs, which is over-transmitted for UEs in better coverage than the worst case. Alternatively, paging can be transmitted in different repetition levels on demand. The premise to implement it is that eNB can obtain the required CE level for the UEs to be paged, which could be reported by UEs and stored in CN and then be transmitted to eNB together with the ID of UE to be paged. 
One, two, or four subframes per radio frame could be configured for paging transmission from eNB perspective. From UE perspective, UE needs only to monitor one subframe (called Paging Occasion) per DRX cycle in idle mode in order to reduce power consumption [2]. However, for UEs operating CE, more than one PO needs to be determined for paging repetition transmission, and if needed, the paging cycle could be extended to make the required repetitions fit in. Considering UEs may require different repetition levels and UE may not monitor each bunch of paging repetitions for a given level for power consumption reduction, the resources used for paging from UE perspective could be determined by UE ID and the required level. Fig. 1 is ONE example that paging is transmitted in different levels but for the same level, e.g., Level 1, UE1 may not monitor the paging repetitions for UE4 and vice versa depending on UE ID and the paging cycle. Assuming four subframes per radio frame are configured for paging transmission, for UE1 in Level 1, there are 40 paging transmissions in total. Likewise, if UEs require more than 40 but less than 160 times transmission, Level 2 resources could be used.
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Fig. 1: one example of resource used for paging repetitions in different levels (TDM)
Fig. 1 is an example that resources of different levels are time division multiplexing (TDM), which could be frequency division multiplexing (FDM) or the hybrid of TDM and FDM as illustrated in Fig. 2. Note that FDM only applies when the system bandwidth is larger than 1.4MHz. 

[image: image2.emf]UE1

Level 1

UE3

Level 3



f

10 frames 20 frames

40 frames

UE4

Level 1

UE2

Level 2

UE5

Level 2

10 frames 20 frames

UE6

Level 3

40 frames



6PRBs



6PRBs


Fig. 2 one example of resource used for paging repetitions in different levels (the hybrid of TDM and FDM)
Proposal 2: If eNB transmits paging in different levels, UEs monitor paging repetitions at the resources determined by UE ID together with the required coverage enhancement level. 
In addition, if paging will used for notifications including SIB, EAB updates, ETWS, and CMAS notifications, it could be transmitted in all levels, so that UEs monitoring different levels can all receive the paging messages. 
2.2 Paging repetitions for Rel-13 MTC UEs in normal coverage
eNB could transmit paging for UEs not requiring CE by acquiring UE ID and the indication of Rel-13 MTC from CN. When the UE to be paged is a Rel-13 MTC UE without CE, the requirement for paging transmission is not exceeding 1.4MHz bandwidth. However, 6PRBs cannot carry a paging message even if only one UE is to be paged, since the maximal message size that could be conveyed within 6PRBs is 18 bits in EPA1 according to [3]. Hence, paging may need to be repeated even for Rel-13 MTC UEs in normal coverage. Considering repetitions of paging for UEs operating CE could be implemented in different levels, paging for Rel-13 MTC in normal coverage could be transmitted in the lowest repetition level with fewer repetitions if having more than one level. 

Proposal 3: The lowest repetition level for paging messages is sufficient to transmit one paging message to one Rel-13 MTC UE without any coverage enhancement. 

2.3 Determination of the number of repetitions per level
The number of repetitions per level depends on how much CE will be provided for the given level, how many subframes could be used within a radio frame and the TB size of the paging. 

Assuming the cell is provided up to 15dB CE and it is configured up to 3 levels, for example, paging for UEs requiring CE of 0~5dB could be transmitted in level 1. If not changing the candidate paging occasions defined in [2], i.e., {0, 4, 5, 9} for FDD and {0, 1, 5, 6} for TDD, at most 4 subframe could be used for repetitions depending on the configuration. Anyway, the number of repetitions could be configured together with the CE level and the paging occasions to be supported, and could be reconfigured if any changes of them happen. However, note that it was observed by simulations for SIB transmissions [4] that the number of repetitions is 16-32 for TBS of 328 bits and 30-40 for TBS of 504 bits and it is more efficient to use one TB of big size than multiple TBs of smaller size. It might be preferable to determine the number of repetitions according to the maximum TBS of the common messages, e.g., 1000 bits, and if needed, eNB could transmit the paging repetitions to UEs monitoring the same resources as long as the TBS is under the maximum value. 
Proposal 4: When taking the transport block size into account to determine the number of paging repetitions for each level, it is determined by the maximal transport block size defined for the common messages. 

3 Conclusions
This contribution proceeds to analyze paging transmissions for Rel-13 MTC UEs and UEs operating CE, and concludes the following proposals:
Proposal 1: If paging for Rel-13 MTC UEs or UE operating CE is scheduled by DCI, it is scrambled by an RNTI different from P-RNTI.

Proposal 2: If eNB transmits paging in different levels, UEs monitor paging repetitions at the resources determined by UE ID together with the required coverage enhancement level. 

Proposal 3: The lowest repetition level for paging messages is sufficient to transmit one paging message to one Rel-13 MTC UE without any coverage enhancement. 

Proposal 4: When taking the transport block size into account to determine the number of paging repetitions for each level, it is determined by the maximal transport block size defined for the common messages. 
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