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1. Introduction
The repetition is widely needed for both broadcast and unicast channels which address to MTCe UE including Low complexity UE in normal coverage and in coverage enhancement, so paging transmission procedure needs to be re-designed for Rel-13 MTCe UE. In this contribution, we focus on paging transmission procedure aspects, how to determine the UE type/CE level is discussed in another contribution.
RAN1 informed RAN2 some progresses on paging transmission in LS R1-145454 as below:
	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.


And in RAN2 #89bis meeting, w.r.t paging transmission over Uu, following are agreed
	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.


Based on these agreements, we share our views on following open issues regarding paging transmission procedure over Uu interface:
1. Whether dynamic L1 scheduling i.e. ePDCCH is needed for paging transmission?
2. How to do the paging for system information change?
3. Are the paging messages transmissions separated or not for different types of Rel13 MTC UEs? 

2. Discussion
In current specification TS 36.304, One Paging Occasion (PO) is a subframe where there may be P-RNTI transmitted on PDCCH addressing the paging message. One Radio Frame contains one or more Paging Occasion(s). When DRX is used the UE needs only to monitor one PO per DRX cycle. 

In the context of Rel-13 MTC, since repetition will be needed, PO is not one subframe anymore. We propose to adopt following definition of PO:

Proposal 1: Paging Occasion (PO) is the (start point of) a bundle of subframes in a certain sub-band where:

· The UE monitors the repetitions of ePDCCH for paging message scheduling in case ePDCCH is needed for paging transmission, or 

· The UE monitors the repetitions of PDSCH for paging message in case ePDCCH is not needed for paging transmission.
We may have different PO on different sub-bands.
2.1 paging for system information change 
As we know, the paging message is also used to inform UEs in RRC_IDLE and UEs in RRC_CONNECTED about a system information change. The system information change paging is one bit indicator and transmitted together with other normal paging records if any. When it is about to change any system information element, eNB has to transmit this indicator on all POs for all UEs to guarantee all UEs will be informed in time.  

In the context of Rel-13 MTC, let’s discuss system information modification for UEs in RRC-IDLE and RRC-CONNECTED mode separately:  
System information change for UEs in RRC_IDLE
Option1: Paging for system information modification is transmitted together with normal paging records (As legacy)
With this option, eNB has to send the paging on all POs addressing to all types of Rel-13 MTC UEs as legacy. The effort to send on all POs is much bigger than legacy due to hundreds of repetitions.  
Option 2: paging for system information modification is separated from normal paging 
With this option, the paging for system information has to be transmitted in a common sub-band, and all UEs shall work on this common sub-band and try to monitor the paging occasions for system information modification. This means all Rel-13 MTC UEs cannot be scheduled in other sub-band during the paging occasions for system modification. Moreover this would be additional paging monitoring work from UE perspective, and lead to more power consumption. 

Considering the system information change will be very rare, we slightly prefer option 1:
Proposal 2: System information modification indicator is transmitted together with normal paging record(s).
System information change for UEs in RRC_CONNECTED 
Option1: Notification of the system information change via Paging (as legacy)
It is likely that UE in RRC_CONNECTED mode is scheduled on a sub-band different from the sub-band for monitoring paging. This will require UE to re-tune to the sub-band for paging and for the system information reading.
Option2: send the new system information via dedicated signalling:
UE can keep working on the sub-band for unicast channels. If there is a large amount of rel13 UE in RRC-CONNECTED, it will be very costly to send the changed system information one UE by one UE. However if there is on-going data transmission to the target UE, by multiplexing the system information and the data, It will be less costly provided only changed part of SI will be sent to UE. 
Option3: Release RRC connection 
If there is no ongoing data transmission to a UE, then another possible choice is to release this UE, hence the UE will read the system information via broadcast channel.
Option 2 and option 3 can work together by eNB implementation. Considering the UE in coverage enhancement will be kept in RRC-CONNECTED mode only if there is on-going data, it is propose:
Proposal 3: Dedicated signalling will be used for system information change for RRC-CONNECTED REL13 MTC UEs, i.e. RRC-CONNECTED REL13 MTC UEs are not required to monitoring paging for system information modification.
2.2 With or without ePDCCH 

Similar to system information transmission, one key question regarding paging transmission is whether dynamic L1 scheduling information in ePDCCH is needed or not, we have pros and cons analysis as below:
Without ePDCCH (i.e. without dynamic L1 scheduling information):
· Lack of scheduling flexibility: the radio resource for paging transmissions, modulation order, coding rate cannot be changed dynamically. 
· Fixed TBS/MCS and Radio Resource: fixed number (e.g. only 1) of UE can be paged in one PO. 
· Extra paging delay if there is no space to accommodate all paging requests: when more UE needs to be paged, eNB could delay the paging to next PO, this will cause scheduling delay. 
· Paging capacity limit due to the fixed TBS. on the other hand, more POs can be configured to increase the paging capacity, however it will cause more UE power consumption to monitor more POs. 
· Save the resource use for ePDCCH transmission.
With ePDCCH (i.e. with dynamic L1 scheduling information)
· More scheduling flexibility: the radio resource for paging transmissions, modulation order, coding rate can be changed dynamically 
· Changeable TBS/MCS and Radio Resource: number of UEs paged in one PO is flexible. 

· Paging capacity is adaptive to the paging request. 
· More radio resource used for ePDCCH transmission.

· Double power consumption: for each PO, UE has to monitor ePDCCH bundle first and then the PDSCH bundle if ePDCCH with P-RNTI detected (this is very likely). this means double power consumption in maximum due to the ePDCCH-PDSCH two-step paging monitoring 

Comparing “without ePDCCH” option, “with ePDCCH” option has obvious flexibility in term of scheduling, paging capacity and is more adaptive. However it is not clear it will be more resource efficient thinking extra resource required for ePDCCH repetitions. Also it will result in much more awake time and increased power consumption from UE point of view. A compromised way is to allow limited flexibility on top of the option “without ePDCCH”, e.g. to indicate/adjust the TB size of paging message in system information based on e.g. MTC paging load of the cell. 
Proposal 4: RAN2 consider to not have dynamic L1 scheduling information in ePDCCH but indicate limited scheduling information e.g. TBS in SI for paging transmission. 
2.3 Separated or not 
RAN1 agreed that the paging messages for Rel-13 low-complexity UEs and/or UEs operating in coverage enhancements (CE) are transmitted separately from paging messages for other UEs. RAN2 further agreed that Rel-13 “normal complexity” UEs in enhanced coverage are paged using the mechanism introduced for paging Rel-13 “low complexity” UEs for a high level of commonality. It has not been confirmed whether paging messages for Rel-13 low-complexity UEs operating in normal coverage and operating in different coverage enhancements (CE) are transmitted separately or not.
In the following discussion, we do not particularly mention LC Rel-13 MTC UE in normal coverage. Low complexity UE in normal coverage can be considered as one special repetition/CE level e.g. CE level0, since UE position is unknown for NW, so cell edge coverage is assumed when calculating the repartition times.
If they are separated: For each CE level, separated ePDCCH/PDSCH transmission is needed. When there is one paging targeting a UE in CE level 1 and another paging targeting a UE in CE level2, two ePDCCH is needed if ePDCCH is there, or two PDSCHs are needed if ePDCCH is not there. There may be more PDSCH load due to separate padding for different TBs. Regarding system information modification, eNB has to send paging/paging scheduling on all POs corresponding to all repetition levels, and this also means more resource consumption. UE and network side shall strictly have the same assumption on the repetition level in all situations, otherwise, it will result in misalignment between transmission and monitoring resource, and then paging will always fail. 
If they are not separated: As shown in figure, repetition times should be the maximum value required by all paged UEs. When there is one paging targeting a UE in CE level 1 requiring N times of repetitions and another paging targeting a UE in CE level4 requiring M times of repetitions, wherein M>N,  eNB will transmit the paging message including both paging records of these two UEs with M times of repetitions. In the control of eNB implementation, when the repetition times between paged UEs are too much different, and there are many paging requests, UE can group the similar CE level UEs’ pagings together and page different groups in different time at the cost of extra paging delay. From UE point of view, Different CE level UEs try to combine ePDCCH/PDSCH on enough number of sub frames. Follow the same example, UE in CE level 1 try to decode the combination of N subframes ePDCCH/PDSCH, but UE in CE level 4 try to decode the combination of M subframes ePDCCH/PDSCH to check if it is paged. If there is only small amount of paging requests, it might be more resource efficient by multiplexing paging records even though they have very different repetition times. There will be less resource consumption for paging of system information modification. 

[image: image1.emf]... ...

...

Frequency

Time

Radio Frame

Paging cycle

Sub-band

...

ePDCCH/PDSCH for paging message

UEx, UEy...UEa, UEb...

Note: the PDSCH repetition times is the maximum value required by all paged UEs


Figure 1:
If ePDCCH is there, for the “separated option”, even though different ePDCCH is needed for different CE levels, it is still possible to multiplex paging records addressing to different CE level into one PDSCH/TB, in a way that all ePDCCHs point to the same PDSCH.
We slightly prefer not to separate the paging transmission for different type of Rel-13 MTC UEs based on above analysis:

Proposal 5: not to separate the paging transmissions for different type of Rel-13 MTC UEs, i.e. Network may transmit paging records addressing to different type/CE level Rel-13 MTC UEs in one paging message.  
3. Conclusion

In this contribution, we discussed following issues regarding paging for Rel-13 MTC UEs:

1. Whether dynamic L1 scheduling i.e. ePDCCH is needed for paging transmission?
2. How to do the paging for system information change?
3. Are the paging messages transmissions separated or not for different types of Rel13 MTC UEs? 

Correspondingly, we proposed:

Proposal 1: Paging Occasion (PO) is the (start point of) a bundle of subframes in a certain sub-band where:

· The UE monitors the repetitions of ePDCCH for paging message scheduling in case ePDCCH is needed for paging transmission, or 

· The UE monitors the repetitions of PDSCH for paging message in case ePDCCH is not needed for paging transmission.

Proposal 2: System information modification indicator is transmitted together with normal paging record(s).
Proposal 3: Dedicated signalling will be used for system information change for RRC-CONNECTED REL13 MTC UEs, i.e. RRC-CONNECTED REL13 MTC UEs are not required to monitoring paging for system information modification.

Proposal 4: RAN2 consider to not have dynamic L1 scheduling information in ePDCCH but indicate limited scheduling information e.g. TBS in SI for paging transmission. 
Proposal 5: not to separate the paging transmissions for different type of Rel-13 MTC UEs, i.e. Network may transmit paging records addressing to different type/CE level Rel-13 MTC UEs in one paging message.  
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