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1
Introduction
Discussion at RAN2#89bis made good progress with regard to paging for release 13 low complexity UEs and UEs in enhanced coverage resulting in a number of agreements. This contribution continues discussion on other open aspects, in particular the behaviour of the UE in determining the EC level used for paging reception and the paging occasions, as well as discussing the maximum number of UEs paged per message and the corresponding scheduling mechanism.
2
EC level for paging reception

The following agreements from RAN2#89bis are relevant to the way that a UE that is capable of EC operation receives paging:
Decision 1
Rel-13 “normal complexity” UEs in enhanced coverage are paged using the mechanism introduced for paging Rel-13 “low complexity” UEs.

Decision 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. 

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

Decision 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)
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Figure 1:  Paging reception for different EC levels

Figure 1 represents our understanding of the decisions 1 and 3 previously described. The red subframe represents the starting subframe of the paging occasion (which can be still calculated based on legacy paging mechanism as explained in section 4). 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. For convenience, the repeats are shown in adjacent subframe but in practice the repeats will follow a time domain and frequency domain pattern to be defined by RAN1. 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 enhanced coverage level 1 (respectively 2, 3) should be able to successfully receive paging based on N1 subframes (respectively N2, N3 subframes). It is assumption that the number of repetitions (N1, N2, N3) corresponding to each coverage level will be known to the UE, for example based on information defined in specification and/or broadcasted in system information.


Proposal 1: The number of repetitions corresponding to each coverage level will be known to the UE, for example based on information broadcast in system information

According to decision 7 above described, the eNB transmitting the paging message will be aware of the last known coverage level of the UE. Despite the assumption that most UEs in enhanced coverage will have zero or low mobility, we have to consider that the UE may move or that the radio environment may change and hence the last known coverage level may not always be aligned to the current coverage level of the UE. The paging strategy to cope with potential changes in the coverage level of the UE will be left to eNB implementation; however, we may assume that a typical approach would be for the eNB, to transmit the first paging attempt at the last known coverage level and then transit subsequent attempts at progressively increasing coverage level. We now consider the possible options for UE behaviour when attempting to receive paging the paging message:
Option A:


The UE assumes that it might in the worst case coverage situation and hence it must be prepared to receive the maximum number of repetitions. However, the UE does not know how many repetitions the eNB will transmit so the UE must attempt to decode the paging message for each of the different coverage levels 0 to 3. If the UE is successful in decoding a paging message (even if it does not contain the UE's identity) the the UE may stop reception.


Advantages:

-
UE is always reachable even if the current coverage level is different from the last known coverage level provided to the eNB.

-
UE does not need to have a good estimate of its current coverage level in order to receive paging (as it assumes it might be in worst case coverage)


Disadvantages:
-
If no paging message is transmitted (to any UE) at the paging occasion then the UE will end up attempting to decode the maximum number of repetitions, leading to a disadvantage in terms of UE power consumption.

-
Multiple decode attempts at each paging occasion leads to an overall disadvantages in terms of UE complexity and power consumption.

Option B:


The UE attempts to receive the paging based on the coverage level used the last time the UE was in connected mode (i.e. the same coverage level as provided to the eNB in the S1 paging message). In this approach the eNB could always transmit the paging message based on the coverage level indicated by the S1 paging message; there is no value for the eNB to employ a progressive paging strategy.


Advantages:

-
Good for power consumption as a UE does not have to receive the maximum number of repetitions when no paging message is received at a paging occasion.
-
UE does not need to have a good estimate of its current coverage level in order to receive paging (it just need to remember the coverage level used last time it was connected)

Disadvantages:

-
If the UE moves into a worst coverage it will not be reachable and, based on decision 8 from the last meeting that the UE doesn’t inform the network about coverage level changes, the UE will remain unreachable for mobile terminated communication until it next communicates with the eNB due to a mobile originated communication (either MO data or MO signalling such as periodic TAU).
Option C:


If the UE can determine a good estimate of its own coverage level, for example based on RSRP measurements, then the UE can attempt to receive paging based on this coverage level (which may be different from the last known coverage level that will be provided to the eNB).

 
Advantages: 

-
UE is always reachable even if the current coverage level is different from the last known coverage level provided to the eNB.

-
Good for power consumption as a UE does not have to receive the maximum number of repetitions when no paging message is received at a paging occasion.

Disadvantages:

-
UE needs to have a good estimate of its current coverage level in order to receive paging. Not yet clear if such an estimate is possible.

Option C is the preferred approach as long as a reliable estimate of the current coverage level, for example based on RSRP measurements, is available in the UE. This is a question that RAN4 is currently evaluating based on LS [1] from RAN1. 

Observation 1: It is preferable that the UE can receive paging according to its current coverage level (i.e. does not need to receive repetitions beyond this level). 
It is worth noting that even if option C is agreed, it would still be acceptable for a UE implementation to choose to implement option A, accepting that there will be an impact on power consumption. However, the important thing is that the UE should not be mandated to implement option A and it is acceptable for the UE to receive paging based only on its current coverage level.


Observation 2: Details of UE paging reception may be left to UE implementation but the specification should be  clear that it is acceptable for a UE to receive paging based only on its current coverage level  

Proposal 2: RAN2 agrees as a baseline that it is acceptable for a UE to receive paging based only on its current coverage level. Final confirmation of UE behaviour can be made once RAN4 have concluded whether a UE can make a reliable estimate of its current coverage level.
3
Non LC UEs in normal coverage.
Decision 1 states that Rel-13 “normal complexity” UEs in enhanced coverage should be paged using the mechanism introduced for paging Rel-13 “low complexity” UEs. However, the decision does not say anything about how a Rel-13 "normal complexity" UE that is capable of enhanced coverage operation should be paged when it is in normal coverage, i.e. should such a UE revert to using the legacy paging mechanism or should the UE use the new mechanism introduced for enhanced coverage. Furthermore, we assume that, based on decision 8, the UE does not inform the network about changes in coverage level and hence the eNB cannot be certain about whether the UE is on normal coverage or not. The following options for how such a UE behaves in normal coverage may be possible:
1:
The non-LC UE in normal coverage only receives paging according to the legacy paging mechanism. The eNB cannot know for certain at the time of paging whether the UE will be monitoring paging according to the legacy mechanism or the new EC mechanism, and hence to be certain of reaching the UE, the eNB would have to send the paging message via both mechanisms. The eNB could also choose to implement a progressive paging strategy where on first attempt it uses legacy paging, on second attempt its used legacy paging and EC paging at level 1, etc.


This approach is beneficial for UE complexity and power consumption to only receive paging via either the legacy mechanism or the new EC mechanism. However, from the network perspective there is some additional resource usage as, to ensure reachability, the eNB must always use the legacy mechanism, maybe in addition to the new EC mechanism.
2:
The non-LC UE in normal coverage receives paging according to both the legacy procedure and the new EC procedure. In this approach the eNB would only have to transmit the paging message with one of the mechanisms, thus saving come network resource but placing extra demands on the UE in terms of complexity and power consumption.

3: 
The non-LC UE in normal coverage receives paging according to the new EC mechanism. In effect the UE behaves in the same way as an Rel-13 LC UE in normal coverage by just attempting to receive paging in the first subframe the paging occasion. From the eNB perspective, it implies that must always use the new EC mechanism when attempting to page non-LC UEs that are capable of EC. This approach enables the UE to avoid double paging reception and also enables the eNB to avoid double paging transmission and hence is seen as the preferable approach.

Proposal 3: A non-LC UE capable of EC operation but in normal coverage on a cell that supports EC, monitors paging according to the new LC/EC paging mechanism.
The above discussion only applies to non-UEs in normal coverage on a cell that supports EC. On a cell that does not support EC, the non-LC UE can revert to paging reception using the legacy mechanism without introducing any uncertainly how the eNB should page the UE.

  
Proposal 4: A non-LC UE capable of EC operation and in normal coverage on a cell that does not supports EC (but may support Rel-13 LC UEs), monitors paging according to the legacy paging mechanism.

4
Paging Occasion for LC UEs and EC.
For the legacy paging mechanism, the location (i.e. frame and subframe) of the paging occasion is specified in 36.304. We think that this same definition can be reused for the starting subframe of the Rel-13 LC and EC paging mechanism. However, the repetitions pattern, in both time and frequency, as well as, the amount of repetitions allowed should be determined and specified by RAN1.
  
Proposal 5: Starting subframes of the Rel-13 LC and EC paging mechanism can be determined in the same way as the paging occasion in the legacy paging mechanism.

  
Proposal 6: Repetitions pattern, in both time and frequency, as well as, the amount of repetitions allowed should be determined and specified by RAN1.

UEs in enhanced coverage will have the receive for significantly longer at each paging occasion than a UE in normal coverage. This will have an impact on power consumption, particularly for the shorter DRX cycles. RAN2 may want to consider limiting the use of the shorter DRX cycles in combination with enhanced coverage and also consider how extended DRX feature to be specified in release 13 may be used in combination with enhanced coverage.

  
Proposal 7: As part of the ongoing work, RAN2 should consider limited the shorter DRX cycles and supporting extended DRX in combination with enhanced coverage operation.

5
Maximum number of UE paged per message.

An analysis presented in RAN1 [1] shows that, even for Rel-13 LC UEs in normal coverage, the transport block size of paging messages needs to be kept small. Therefore, it is proposed that the RAN2 specifications limit the paging message used in the new LC/EC paging mechanism to contain a very low number of UE identities, 1 or at most 2.


Proposal 8:  A paging message send using the Rel-13 LC and EC paging mechanism contains a very low number of UE identities (1 or at most 2).
6
Scheduling mechanism for paging messages
The use of an M-PDCCH to dynamically schedule paging message transmissions has been discussed in RAN1. Given the proposal above for the paging message to contain very few UE identities the number of different transport block sizes for paging could be very small (e.g. 1 or 2 different TB sizes). Consequently there is not a strong need for an M-PDCCH to indicate the TB size. Furthermore, we consider that it is important to minimise the control channel overhead and hence we prefer to not specify an M-PDCCH for scheduling of paging messages.

Proposal 9:  Paging message transmissions are not scheduled via an M-PDCCH. Scheduling of paging message transmissions are configured by information in SIBs and/or fixed in the specification.
7
Conclusions


Proposal 1: The number of repetitions corresponding to each coverage level will be known to the UE, for example based on information broadcast in system information


Observation 1: It is preferable that the UE can receive paging according to its current coverage level (i.e. does not need to receive repetitions beyond this level). However, the final decision cannot be made until RAN4 have concluded whether a UE can make a good estimate of the current coverage level.


Observation 2: Details of UE paging reception may be left to UE implementation but the specification should be  clear that it is acceptable for a UE to receive paging based only on its current coverage level  


Proposal 2: RAN2 agrees as a baseline that it is acceptable for a UE to receive paging based only on its current coverage level. Final confirmation of UE behaviour can be made once RAN4 have concluded whether a UE can make a reliable estimate of its current coverage level.

Proposal 3: A non-LC UE capable of EC operation but in normal coverage on a cell that supports EC, monitors paging according to the new paging mechanism introduced for Rel-13 LC UEs and EC.

  
Proposal 4: A non-LC UE capable of EC operation and in normal coverage on a cell that does not supports EC (but may support Rel-13 LC UEs), monitors paging according to the legacy paging mechanism.

  
Proposal 5: Starting subframes of the Rel-13 LC and EC paging mechanism can be determined in the same way as the paging occasion in the legacy paging mechanism.

  
Proposal 6: Repetitions pattern in both time and frequency should be determined and specified by RAN1.

  
Proposal 7: As part of the ongoing work, RAN2 should consider limited the shorter DRX cycles and supporting extended DRX in combination with enhanced coverage operation.


Proposal 8:  A paging message send using the Rel-13 LC and EC paging mechanism can contain a very low number of UE identities (1 or at most 2)

Proposal 9:  Paging message transmissions are not scheduled via an M-PDCCH. Scheduling of paging message transmissions are configured by information in SIBs and/or fixed in the specification.
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