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1. Introduction
In RAN2#89bis meeting, some agreements [1] about paging for Rel-13 low complexity UEs and/or UEs operating coverage enhancements (CE) were achieved:

	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. 

6
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.

6a
For LC/EC UEs, RAN2 considers it beneficial if the CN (MME) provides the “paging attempt number” to the eNB.

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)

9    Inform RAN1, RAN3, SA2, and CT1 about the discussion above.


This document gives some further discussion on the remained issues for paging.
2. Discussion
2.1 How are the paging messages transmitted
2.1.1 The candidate subframes for paging repetition
For paging transmission, eNB needs to repeat paging message in multiple subframes. It is worthy to discuss which subframes can be used to carry paging repetition.

Solution 1: Introduce extra subframes for paging repetition

A possible and easy way is to introduce extra subframes between the two adjacent legacy PO and repeat paging data on these subframes with the starting point calculated as the formula in [36.304]. It can be shown as the following figure.
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Figure 1
A question for this method is whether there are sufficient downlink subframes for paging repetition between the  two adjacent legacy PO . This question depends on two factors: the repetition numbers and the interval of the legacy paging occasions.
The interval of the legacy paging occasions are related to the paging density, i.e. the parameter nB in the paging occasion calculation formula of [1].  The smaller nB is, the larger the interval of the paging is, and the more subframes can be used to repeat paging.
According to the current value scope, the minimum value of nB can be set to T/32, which means that maximum interval of the two adjacent paging occasions could be as large as 32 radio frames. Paging message needs to be repeated completely during the 32 radio frames, otherwise, it will collide with other UE’ paging occasion, e.g. POn+1.  This problem can be illustrated as figure 2. If the length of paging repetition pattern is larger than 32 radio radio frames, the minimum value scope of nB needs to be extended to increase the interval of two PO. 
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Figure 2
Solution 2 : Accumulate POs across multiple paging cycles
Another alternative is to re-use the legacy PO and  UE accumulates paging data across multiple pading cycle, as shown as Figure 2. No changes are introduced for this method, however, paging will be delayed for a very long time.
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Figure 3
Comparing the above two methods, introducing extra paging subframes is preferred.
Proposal 1: Introduce extra subframes for paging repetition during one paging cycle.

Proposal 2: Re-use the legacy paging occasions as the start subframe for paging repetition.
Observation1: Whether to extend the lower bound of parameter nB depends on the repetition pattern, including the available DL subframes and the repetition length.

Proposal 3: Wait for RAN1 conclusion to decide whether to extend the lower bound of parameter nB
2.1.2 The subframe multiplexing for different UEs
Obviously, for UEs in the same coverage extension level, paging subframe multiplexing should be allowed for saving paging resource.
For UEs in different coverage extension level, the repetition number of the paging messages is different. If they are multiplexed in the same paging messages, there will be signaling waste for low coverage extension level UE. However, if eNB pages these UEs separately, more than one paging message will be sent, which also waste paging resource. It is difficult to judge which method is better from signaling overhead perspective. Therefore, it can be left to eNB implementation to determine whether to multiplex the different coverage extension level UEs’ paging into one paging message.
Proposal 4: The same coverage extension level UEs’ paging can be multiplexed into one paging message.
Proposal 5: It depends on eNB implementation to determine whether to multiplex the different coverage extension level UEs’ paging in one paging message. 
2.1.3 How the CE UEs receive paging
It has been agreed that the CE level will be carried to the associated eNB together with the paging request message in S1 interface. It could be expected that eNB will repeat sending paging based on the CE level information if this is the first paging attempt and then switch to the higher CE level at the next paging attempt. From UE point of view, the eNB aligned behavior could be expected, i.e. repeat receiving the paging message based on the last CE level. However, with this behavior, it is difficult for UE to distinguish between the case that it fails to receive paging and the case that there is no paging message at its paging occasion. Subsequently, it is impossible for the UE to fall back to the higher CE level.  

One possible way is that UE always assumes paging is sent with the highest CE level and accumulate paging TBs from the start subframe till decodes paging correctly or till the end subframe of the highest CE level paging repetition. It could be argued that this method will consume UE more power. However such UEs are insensitive to the paging delay, and can be configured very long paging DRX for power saving purpose. 

Another way is that UE receives paging with its real CE level which is retrieved from the measured RSRP value. UE accumulates paging TBs from the start subframe till decodes paging correctly or till the end subframe of the real CE level paging repetition. However the successful probability of this method replies on the accuracy of UE real CE level.
Proposal 5: RAN2 is proposed to consider the following possible methods:

Method 1: On paging occasion, UE accumulates paging TBs till decodes paging correctly or till the end subframe of the highest CE level paging repetition.


Method 2: On paging occasion, UE accumulates paging TBs till decodes paging correctly or till the end subframe of the real CE level paging repetition.

2.1.4 How do the normal UEs capable of CE mode receive paging 

The normal UEs capable of CE mode, ideally, receive paging as normal way under normal coverage and CE way in CE mode. However, as this way, UE under CE coverage cannot receive correctly paging message if eNB still send paging as the normal way since such UE could move everywhere and eNB doesn’t know UE’s real coverage level.  
One simple solution is that normal UE always receive paging message as CE mode. eNB could send paging based on the CE level information carried with the paging request message from MME and go for the higher level at the next paging attempt. If under normal coverage, UE could decode correctly the message in the first subframe of the repetition pattern; otherwise, UE should accumulate the repetition subframes. The sketch flow can be shown in Figure 4.
This method requires UE to read the M-SIBs even under normal coverage and obtain the paging configuration information for CE level.
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Figure 4
Proposal 6:  Normal UE capable of CE mode receives paging message as CE mode.
2.2 How the eNB provide the CE level related information to MME

In Rel-12, the RRC container “UERadioPagingInformation” is carried in the S1 message UE CAPABILITY INFO INDICATION from eNB to MME. If the “coverage enhancement level related information and the corresponding cell ID” is still contained in the RRC container “UERadioPagingInformation”, when the UE’s coverage enhancement level is changed, the UE CAPABILITY INFO INDICATION procedure will be triggered again. And the frequency of sending UE CAPABILITY INFO INDICATION from eNB to MME depends on the change frequency of UE’s coverage enhancement level. Therefore, it is better to use other S1 message to carry this radio paging information container. When the UE is in idle mode, it 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). And when UE is in connected mode, the eNB can obtain the UE’s coverage enhancement level by itself. Therefore, the more suitable S1 message to carry the RRC container “UERadioPagingInformation” is the UE CONTEXT RELEASE COMPLETE message. 
Proposal 6: Use a separate RRC paging container to include UE’s coverage enhancement level related information in S1 release message.
3. Conclusion
This contribution discusses paging for Rel-13 LC UE and summarized in the proposal below:
Proposal 1: Introduce extra subframes for paging repetition during one paging cycle.

Proposal 2: Re-use the legacy paging occasions as the start subframe for paging repetition.

Observation1: Whether to extend the lower bound of parameter nB depends on the repetition pattern, including the available DL subframes and the repetition length.

Proposal 3: Wait for RAN1 conclusion to decide whether to extend the lower bound of parameter nB
Proposal 4: The same coverage extension level UEs’ paging can be multiplexed into one paging message.
Proposal 5: It depends on eNB implementation to determine whether to multiplex the different coverage extension level UEs’ paging in one paging message. 
Proposal 6: Use a separate RRC paging container to include UE’s coverage enhancement level related information in S1 release message.
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