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1 Introduction
RAN2 discussed the Paging transmission for Rel-13 low complexity UEs and UEs in enhanced coverage at RAN2#89bis, and the following agreements were made:

Agreements at RAN2#89bis:
· 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.

· IDLE UE does not inform the network when it changes the extended coverage level

Moreover, the following agreements on Paging for Rel-13 low complexity UEs and UEs in enhanced coverage were made at RAN1#80bis:

Agreements at RAN1#80bis:
· 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, we will continue the discussion on remain open issues on Paging from RAN2 perspective.
2 Discussion
2.1 Awareness of the coverage enhancement level at eNB
As agreed in RAN2#89bis, for UEs in enhanced coverage, the eNB will provide the coverage enhancement level information to the MME. However, it is still not clear how the eNB could know the exact coverage enhancement level.
Unlike the Rel-13 low complexity capability, the required amount of coverage enhancement can be practically stable for some users but changing for some other users. For UEs in enhanced coverage, there are two possible solutions to inform the eNB of the required amount of coverage enhancement:

· Solution 1: UE reports the required amount of coverage enhancement in the UE Capability Information message.
· Solution 2: eNB detects the required amount of coverage enhancement in the random access procedure.
According to TS 23.401, if the UE has changed its radio capabilities, the UE shall request NAS layers to initiate the TAU procedure that would result in the update of UE radio capabilities, i.e. by the UE Radio Capability Match Request, as illustrated in Figure 1. It is obvious that Solution 1 is not efficient, as the whole UE radio capability update procedure will involve several AS/NAS layer messages, and each of them will require several repetitions for the sake of successful transmission and reception. 
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Figure 1: UE Radio Capability Match Request
Solution 2 is more efficient, hence it is preferred. Each time a random access procedure is triggered by e.g. periodic TAU procedure or UL application data delivery, the UE can update the eNB with its latest coverage enhancement level.
Proposal 1: For UEs in enhanced coverage, eNB detects the required coverage enhancement level in the random access procedure.
2.2 Relationship between the position of a Paging Occasion in frequency domain and the coverage enhancement level
As agreed in RAN2#89bis, for an idle mode UE in enhanced coverage, it does not inform the network when it changes the extended coverage level. This means, sometimes the network and the UE may have unsynchronized information about UE’s coverage enhancement level. To avoid the failed Paging message reception as much as possible, RAN2 agreed to decouple the starting subframe of a Paging Occasion and the UE’s coverage enhancement level in RAN2#89bis, and by this way the UE can still successfully receive the Paging message in case the network assumes a high coverage enhancement level (e.g. 10dB) while the UE requires a low coverage enhancement level (e.g. 5dB). For the case where the network assumes a low coverage enhancement level (e.g. 5dB) while the UE requires a high coverage enhancement level (e.g. 10dB), it is very likely the UE will miss the first Paging transmission. Nevertheless, with the assistance of the “Paging attempt number” from the MME to the eNB, the eNB can increase the number of repetitions for the second Paging transmission so that the UE can still be reached.
Rel-13 low complexity UEs cannot receive more than 6 PRBs of the system bandwidth, and it is still not clear how the position of a Paging Occasion in the frequency domain should be determined.

Following the current spirit of design, where failed Paging message reception should be avoided as much as possible even if the network and the UE have unsynchronized information about UE’s coverage enhancement level, it seems quite straightforward to agree that the position of a Paging Occasion in the frequency domain is determined irrespective of the UE’s coverage extension level. 
Proposal 2: For CN initiated Paging, the position of a Paging Occasion in the frequency domain is determined irrespective of the UE’s coverage enhancement level.
2.3 Relationship between the position of a Paging Occasion in frequency domain and UE ID
For UEs in enhancement coverage, as the position of a Paging Occasion in both time domain and frequency domain is determined irrespective of the UE’s coverage enhancement level (if Proposal 2 is agreed), then in case multiple UEs with different coverage enhancement level are paged by the network simultaneously, solutions need to be considered regarding how the Paging message should be transmitted. 

There are two possible options, as follow, which are further illustrated in Figure 2. In Figure 2, it is assumed that UE1 and UE2 are of different coverage enhancement level, e.g. UE1=5dB and UE2=10dB.
Option 1: Separated Paging message in frequency domain. With this option, the Paging occasion in frequency domain is determined by the UE ID (i.e. not determined by UE’s coverage enhancement level), and consequently Paging messages for UEs with different coverage enhancement level could be separated in frequency domain. 
Option 2: Joint Paging message. With this option, multiple UEs with different coverage enhancement level will be accommodated in the same Paging message, and the Paging occasion in frequency domain is either configured in SIB or dynamically scheduled by PDCCH (i.e. irrespective of UE ID).
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Figure 2: Paging transmission in case multiple UEs are paged by the network simultaneously
It is quite obviously that option 1 is more promising, as the Paging messages for UEs of different coverage enhancement level could be transmitted separately with different number of repetitions, and this will benefit the system efficiency. When the Paging load is high and/or if the system bandwidth is narrow, UEs with different coverage enhancement level might be difficult to be separated in frequency domain. In this case, to avoid the inefficient Paging transmission, the eNB could choose to postpone the Paging for some of the UEs to the subsequent paging occasions, which is acceptable for UEs operating delay tolerant MTC applications. 
Proposal 3: For CN initiated Paging, the position of a Paging Occasion in the frequency domain is determined by the UE ID.
2.4 Scheduling of Paging message
In RAN2#89, RAN2 agreed that the scheduling information (i.e. time, frequency and MCS/TBS) for the acquisition of MTC-SIBs could be provided in MIB/MTC-SIB1, hence dynamic scheduling information in PDCCH is not needed. 
It is still open whether such a PDCCH less mechanism could also be applied to the Paging message transmission. In the real network, in general the size of the SIBs will be quite stable, as the system configuration will not be adjusted frequently. Hence, it is beneficial to indicate the TBS of the MTC-SIBs in MIB/MTC-SIB1 to avoid the overhead caused by PDCCH repetitions. However, this is not the case for Paging, as the size of the Paging message might vary dynamically, depending on the traffic activities. If PDCCH less mechanism is applied to Paging, then the network may have to configure a fixed TBS for the Paging message in SIB. If the actual size of the Paging message is smaller than the configured TBS, then padding bits are needed.
When investigating which scheduling mechanism (i.e. PDCCH control or PDCCH less) is suitable for Paging, the following two scenarios should be considered:
1: “Real” Paging Occasions. Paging Occasions in which network transmits the Paging message, which may or may not for the concerned UE.
2: “Virtual” Paging Occasions. Paging Occasions in which network doesn’t transmit any Paging message.
In the “Real” Paging Occasions, it is natural to assume that the total number of repetitions for the Paging transmission for the PDCCH control mechanism is higher than that for the PDCCH less mechanism, as additional repetitions are required for PDCCH. However, this may not always be the case. In LS [1], RAN1 provided some additional SIB performance evaluation on Rel-13 low complexity MTC, and it could be observed that the number of repetitions is very sensitive to the TBS. The same observation shall also be applicable to Paging. For the PDCCH less mechanism, the TBS is semi-statically configured and consequently sometimes the configured TBS might be larger than the real size of the Paging message. In this case, for the PDCCH control mechanism, considering that the TBS could be well fit the real size of the Paging message, the total number of repetitions for “PDCCH+PDSCH” might be even smaller that the number of repetitions for “PDSCH only “ for the PDCCH less mechanism.
In the “Virtual” Paging Occasions, for the PDCCH control mechanism, the UE could find out that there is no Paging message to receive after the reception and accumulation of PDCCH. However, for the PDCCH less mechanism, the UE has to receive and accumulate all the potential PDSCH repetitions before finding out there is no Paging message to receive. This means, from UE perspective, less number of subframes for Paging reception is required for the PDCCH control mechanism, as in general PDCCH is of smaller size than PDSCH, which is more efficient from UE battery consumption perspective.
Regarding which scenario is dominating in the real network, i.e. “Real” Paging Occasions or “Virtual” Paging Occasions, we think it is deployment dependent and may vary in different networks depending on e.g. the delay characters of the MTC applications and the number of MTC devices in the network. The selection between “PDCCH control” and “PDCCH less” is also subject to the RAN1 discussion on the complexity of supporting E-PDCCH in CSS. More inputs from RAN1 are needed before decision is made.
Proposal 4: Wait for more inputs from RAN1 before selecting “PDCCH control” or “PDCCH less” for the Paging transmission.
3 Conclusion

In this contribution, we discussed remain open issues on MTC Paging transmission, and we have the following proposals: 
Proposal 1: For UEs in enhanced coverage, eNB detects the required coverage enhancement level in the random access procedure.
Proposal 2: For CN initiated Paging, the position of a Paging Occasion in the frequency domain is determined irrespective of the UE’s coverage enhancement level.
Proposal 3: For CN initiated Paging, the position of a Paging Occasion in the frequency domain is determined by the UE ID.

Proposal 4: Wait for more inputs from RAN1 before selecting “PDCCH control” or “PDCCH less” for the Paging transmission.
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