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1. Introduction
In MTC systems, it shall be possible that a large number of MTC devices are deployed in a small area [1]. In order to notify the MTC devices to receive information, e.g. to update configuration or polling MTC device to reporting, it is necessary to paging MTC devices to access the network. In last meeting, during the discussion of [2], some operator express the views that MTC device will not have a dedicated layer, that means MTC devices will share the same network with legacy UEs. As mentioned in [3], the system may become paging limited in case the UE density increases twenty-fold, especially if some calls need to be setup concurrently. In this contribution, we investigate the paging scheme for MTC device.
2. Discussion
2.1. Paging for MTC device
Let’s take E-UTRA as an example. In LTE systems, each radio frame can include 4 paging occasion at most [4]. Each paging occasion can only include one paging message. Due to the limitation of the maximum PDSCH bit capacity which is indicated by P-RNTI scrambled PDCCH, each paging message can paging a maximum of 16 UE, and UE receives the paging message at its corresponding paging occasion [5]. If current paging scheme is reused for MTC devices without any changes, there will appear some issues:

           Issue 1: Affecting paging receiving of legacy UE
From legacy UE point of view, after deploy the MTC devices, the number of UE within the same paging group is increased, this leads to two consequences: firstly, the false alarm probability is increased on paging reception, i.e. there may be more chance for UE to detect P-RNTI in PDCCH but without matching NAS ID later on, this will have negative impact on UE power consumption; secondly, the paging probability blocking is increased, i.e. if more than 16 UE (legacy UEs and/or MTC devices) needs to be paged within the same paging subframe, the paging of legacy UE may be discarded while some paging of MTC device could be transmitted, this will have negative effect on the user experience (at least the calling party) and also on the operator revenue (due to missed call opportunities). 
           Issue 2: Inefficiency in paging of MTC device
In MTC systems, it is a possible scenario that the network needs to notify multiple MTC devices at the same time or during a small period. For example, for MTC device with time controlled feature, after changing the access time for time controlled MTC device, the network may need to notify each of these MTC devices to acquire this up-to-date access time information. This leads to paging for these MTC devices. If the existing paging schemes are adopted, then the MTC devices will be notified one by one in paging message. If so, it will produce lots of signaling overhead and consume massive system resource, such as the resource on radio interface and S1 interface. Furthermore, this will increase the paging block probability (i.e. more than 16 paging need to be send within one paging subframe) even between MTC devices.
Given the analysis above, we think it make sense to improve the paging scheme for MTC device to meet the requirements of MTC service as well as avoid/reduce the impacts mentioned above.

Proposal 1: Paging scheme for MTC should be improved to avoid/reduce the impacting of legacy UE and increase the efficiency for paging of MTC device.

2.2. Possible solutions
2.2.1 MTC specific paging RNTI

To resolve above mentioned Issue 1, one can consider introducing MTC specific RNTI for M2M paging purpose. So the MTC devices and legacy UEs will monitor different RNTIs in PDCCH, and paging scheme for MTC device is thus totally independent for legacy UE. Additionally, one can even consider introducing new paging subframe pattern/DRX parameter for MTC device without any impact on legacy UE.
2.2.2 Group based paging
To resolve above mentioned Issues 2, one can consider adopting group based paging. It means a group of MTC devices can be paging with a common identity, i.e. group id. Each MTC group has a unique group id. The group id could be a special value of existing ID type (e.g. S-TMSI or IMSI), or alternatively some new identity type (see example below). With group based paging, since multiple MTC devices can be linked to the same ID, they could be paged using the same paging message at the same time, thus save radio resource and power consumption of MTC devices.
An example of group id (new identity type) is shown as follows:

PagingUE-Identity ::=



CHOICE {


s-TMSI






S-TMSI,


imsi







IMSI,


...

group-ID






Group-ID
}

A Rel-8 UE could be allocated with IMSI and S-TMSI simultaneously, so here one MTC device could also be additionally allocated with one or more MTC group id, i.e. it can belong to multiple MTC paging groups.
Note that the meaning of “group” here is only used for paging purposes, so it could, but not limited, to be used for “group based” MTC feature which is defined in [1] in SA1 working group. For example, here we can define all MTC devices in a certain area as a MTC paging group (even they do not have “group based” MTC feature). 

Proposal 2: RAN2 to consider above solutions for MTC paging scheme.

3. Conclusion
In this contribution, we analysis the paging issues on mix deploy scenarios and give some possible solutions for MTC paging (note that these solution is not mutual exclusive but could be combined).
Proposal 1: Paging scheme for MTC should be improved to avoid/reduce the impacting of legacy UE and increase the efficiency for paging of MTC device.

Proposal 2: RAN2 to consider above solutions for MTC paging scheme.
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