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1.
Introduction

The release-13 WI on "Further LTE Physical Layer Enhancements for MTC " was discussed for the first time at the RAN2#89 meeting, but so far paging aspects have not been discussed by RAN2. This contribution provides an initial analysis of the paging impacts to support Rel-13 LC UE and EC mode, and based on this discussion, proposes a response to questions raised by SA2 [2].

2
Review of liaisons
Three liaisons have already been exchanged between RAN1 and SA2 on the subject of paging for Rel-13 LC UEs and enhanced coverage. In the first LS [1], RAN1 shares their initial agreements with regard to paging and in the second LS [2], SA2 responds with 5 specific questions to RAN1, 2 and 3. In the third LS [3], RAN1 provides a response to question 1 and a partial response to question 2 but does not have a view on the remaining aspects. The discussion and proposals in this contribution should enable RAN2 to respond to SA2's questions and a proposed response LS is provided in [4].

3
Discussion

3.1
Paging for Release 13 low complexity UEs

With the introduction of category 0 UE in release 12, a mechanism was specified by which the category information is provided to eNBs at the time of paging so that the eNBs may compensate for the fact that category 0 UEs only have a single receive antenna. This was achieved by providing the UERadioPagingInformation, which includes the UE category information, from the eNB to the MME within the S1 UE capability info indication message, storing it within the MME, and then providing it back to eNBs within the S1 paging message. 
For Rel-13 LC UEs paging will be transmitted separately from paging for other UE categories (as explained in LS from RAN1 [1]) and so it is essential for the eNB to be aware of the UE category at the time of paging. It is easy to extend the release 12 approach in release 13 to also inform eNBs that a UE to be paged is a Rel-13 LC UE.
Proposal 1: eNBs are informed that a UE is a Rel-13 LC UE at the time of paging. This is achieved by using the same approach as done for category 0 UEs (i.e. by including the new UE category information in UERadioPagingInformation).
3.2
Paging of Release 13 UEs in enhanced coverage

3.2.1
Provision of UE's coverage situation to the eNB for paging
As explained in the RAN1 LSs [1][3], it is important for eNB to know that a UE to be paged is capable of extended coverage operation, and potentially also the UE's current coverage situation (e.g. whether the UE is in normal coverage or extended coverage and how deep into the extended coverage). Clearly, at the time when an idle mode UE is paged it is impossible for the eNB to be provided with the precise knowledge of the UE's current coverage situation, but given the assumption that UEs in extended coverage are likely to have low mobility then the coverage situation from the last time the UE was connected will, in many cases, still be correct at the time of paging. The UERadioPagingInformation message, exchanged between eNB and EPC, can be further extended to also provide the UE's EC capability and the last known coverage situation to eNBs at the time of paging.
The UE's EC capability support information could be included as part of the UE capability information; however, one difference compared to the UE category, is that the coverage situation may change over time (even with the assumption that such UEs are low mobility). Therefore, it should be possible for the eNB to provide the MME with the latest coverage situation each time the UE is in RRC Connected or as the UE is released to RRC Idle instead of just once following initial attach.

Proposal 2: eNBs are made aware that a UE is capable of EC operation. This is achieved by using the same approach as used for category 0 UEs.

Proposal 3: eNBs are made aware that the last time the UE was contacted the UE was using EC procedures and the EC level which was used. Current category 0 signalling is extended so that at RRC Connected to RRC Idle transition, the eNB informs the MME about the current EC level of the UE. This is stored in the MME and provides back to eNBs in S1 Paging messages.
The coverage situation that is stored in the MME and provided back to the eNBs at paging time is only relevant in the cell where the UE was located at the time the information was provided to the MME for storage. If the UE were to move sufficiently in order change to another cell then, it is highly unlikely for the previously stored coverage situation to still be valid. Therefore, it makes sense for the cell that provided the coverage situation to make use of it in determining the number of repetitions of the paging message, but it does make sense for other cells within the registered TAs to use the information.
Proposal 4: eNBs are made aware of the cell where the UE was last contacted (and hence where should be paged according to the indicated EC level).
3.2.2
Paging in cells other than where UE was last contacted

The proposal 4 above raises the question about how other cells within the registered TA(s) should behave when paging UEs that are capable of EC operation. The following options may be possible:
1
As the eNB does not have any reliable knowledge about the coverage situation of the UE, the eNB pages the UE with the assumption that the UE could be located in the worst case coverage. This approach would result in a high number of paging transmissions in all cells of the registered TA(s) apart from the one cell where the UE was last known to be located. It is not desirable to suffer this significant paging load in order to cope with the low probability case of the UE changing cell.


Some of the paging load associated with this approach may be mitigated with the introduction of a paging cancel indication from the MME sent to eNBs that have previously been request to page the UE. The paging cancel indication would contain the UE identity of UEs that have responded to the paging. This approach is suggested in question 5 of the LS from SA2 [2]). Clearly the delay between the UE successfully receiving a paging message, responding to the page, and the MME providing the paging cancel to all other eNBs will have a significant bearing on the effectiveness of such an approach. A second aspect to consider is that a paging message can contain multiples UE identities (although the number of UE identities might be quite low considering the 6PRB restriction for Release 13 LC UEs) therefore, an eNB can only stop transmitting the repetitions of the paging message (due to EC) when the MME sends a cancel indication for all the UE identities contained in the paging message. Consequently, this may also reduce the effectiveness of the cancel paging indication.

2
The eNB may employ some kind of a progressive paging strategy. For example, the eNB may initially page assuming the UE is within normal coverage, and if this is not successful, then in subsequent attempts the eNB may page assuming that increasing levels of coverage extension are required. To facilitate such an approach it may be necessary for the MME to provide the eNB with an attempt count value in the S1 paging message (as described in question 4 of the SA2 LS [2]). If the UE has changed cell and is located in reasonable coverage then this approach will reduce paging load in comparison to option 1 (as the UE will respond to the page after one of the earlier paging attempts and before the paging repetition level is too high). However, for UEs that have changed cell and are located in poor coverage then this approach will still require a very high number of paging repetition from most cells of the registered TA(s).
3
The eNB only pages using the normal coverage paging mechanism. The UE is reachable for paging if it changes to another cell and is located in normal coverage within that cell. If the UE changes cell to the extended coverage region of that cell, or it changes cell and then at a later time it moves into the extended coverage region of that cell, then the UE would need to enter RRC Connected so that the eNB can update the coverage situation and cell identity information that is stored within the MME. This obviously has a signalling overhead but, given the low mobility assumption which implies a low probability of such signalling occurring, this may be preferable to the paging load of option 1 and 2. 
Proposal 5: In cells of the registered TA(s) other than the indicated cell, eNBs performs paging assuming that the UE is within normal coverage
Proposal 5a: If the UE changes cell and determines that is it in the extended coverage region of that cell then the UE updates the network with the new cell and coverage situation. If the UE changes cell and is in the normal coverage region of that cell then no UE action is required.

3.2.3
Handling of changes in coverage situation

The final aspect to discuss is the UE behaviour if its coverage situation should change while the UE remains within its current serving cell. The information provided to the eNB was, at best, accurate the last time the UE was involved in any communication with the network. At a high level there are 2 possible approaches by when the system can handle such changes in the coverage situation: firstly, the UE could perform signalling to inform the eNB about the new coverage situation; and secondly, the eNB could try to adapt to the UEs new coverage situation. To discuss further, we consider 4 different cases of changes in the coverage situation:
Case 1: UE moves to a better coverage situation but still within the extended coverage region of the cell:


The UE will still be able to successfully receive the paging message, although the eNB may be transmitting more paging repetitions that strictly required for successful reception. Although there is some inefficiency in transmitting more repetitions than required, it is preferable to generating over the air signaling to inform the network about the new coverage situation.
Case 2: UE moves to from the extended coverage region of the cell to the normal coverage region of the cell:


This case seems quite similar to case 1 but there is an additional aspect to consider. As the UE is now in normal coverage it could receive paging via the normal paging mechanism (assuming the UE not a Rel-13 LC UE) but the UE and eNB need to be synchronised with regard to whether normal or enhanced coverage paging is to be used. Possible options to address this include:
a/
UE continues to receive paging via the enhanced coverage paging mechanism. There will be some inefficiency in transmitting more paging repetitions than required but UE will does not establish an RRC Connection in order to inform the network about the new coverage situation.

b/
UE informs the network about its new coverage situation (i.e. that it is now located in normal coverage and therefore can be paged using normal paging procedures). Avoids use of the extended coverage paging mechanism when it is not required but introduces additional signaling overhead. 
c/
eNB that is transmitting paging using the extended coverage paging mechanism also pages the UE using the normal paging mechanism. Enables the UE switch to receiving paging using the normal mechanism but does not offer an reduction in overhead compared to option a (in fact it adds the one additional paging message transmission).

Case 3: UE moves to a worse coverage situation but still within the extended coverage region of the cell:

For this case the 2 high level options mentioned above are available:

a/ 
UE informs the eNB about the new coverage situation. The UE will then be paged with the appropriate number of repetitions. 
b/
The eNB employs some kind of a progressive paging strategy similar to that mentioned earlier for paging on other cells of the TA(s). For example, the eNB may initially perform paging according to the indicated coverage situation and, if this is not successful, then in subsequent attempts the eNB may page assuming increasing levels of coverage extension are required. It may be necessary for the MME to provide the eNB with an attempt count value in the S1 paging message.

Case 4: UE moves to from the normal coverage region of the cell to the extended coverage region of the cell:

Also for this case the 2 high level options mentioned above are available although the preferred choice might be different:
a/
UE informs the eNB about the new coverage situation. UE and eNB will then be synchronised in their switch from using the normal coverage paging mechanism to the extended coverage paging mechanism.

b/
The eNB employs some kind of a paging strategy similar to that mentioned for case 3. However, in this case the eNB must initially start paging using normal coverage mechanism as the S1 paging message will indicate that the UE was last known to be within normal coverage of this cell.
RAN2 should discuss the cases described above to determine in which cases the UE needs to inform the eNB about its new coverage situation and in which cases it would be possible to rely on the eNB's paging strategy (possibly with support from the MME by including of an attempt counter in the S1 Paging Message) to ensure that the UE is reachable.

Proposal 6: RAN2 discuss the different cases for changing coverage situation within the last used cell to determine the most desired UE and eNB behaviour.

4
Conclusions

This contribution has discussed various aspects relating to paging of Release-13 LC UEs and UEs in extended coverage. The following proposals are made:

Proposal 1: eNBs are informed that a UE is a Rel-13 LC UE at the time of paging. This is achieved by using the same approach as done for category 0 UEs (i.e. by including the new UE category information in UERadioPagingInformation).

Proposal 2: eNBs are made aware that a UE is capable of EC operation. This is achieved by using the same approach as used for category 0 UEs.

Proposal 3: eNBs are made aware that the last time the UE was contacted the UE was using EC procedures and the EC level which was used. Current category 0 signalling is extended so that at RRC Connected to RRC Idle transition, the eNB informs the MME about the current EC level of the UE. This is stored in the MME and provides back to eNBs in S1 Paging messages.

Proposal 4: eNBs are made aware of the cell where the UE was last contacted (and hence where should be paged according to the indicated EC level).

Proposal 5: In cells of the registered TA(s) other than the indicated cell, eNBs performs paging assuming that the UE is within normal coverage

Proposal 5a: If the UE changes cell and determines that is it in the extended coverage region of that cell then the UE updates the network with the new cell and coverage situation. If the UE changes cell and is in the normal coverage region of that cell then no UE action is required.

Proposal 6: RAN2 discuss the different cases for changing coverage situation within the last used cell to determine the most desired UE and eNB behaviour.

In addition, based on the discussion in this contribution we propose in [4] a draft reply to the questions from SA2
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