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1 Introduction

The objective of the Rel-12 work item on “Low cost & enhanced coverage MTC UE for LTE” [1] is to specify a new low cost/complexity UE type supporting the following capabilities:

· Single receive antenna
· Downlink and uplink maximum TBS of 1000 bits
· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband

RAN2 discussed the transport block size (TBS) and downlink bandwidth limitations at RAN2#85 and agreed to introduce a new UE Category, i.e. Category 0, with the restricted maximum TBS and total layer 2 buffer size related to TBS restriction. The paging procedure for low cost/complexity UEs was also discussed in this meeting, however it was left for further study whether the network needs to know if a UE is a low cost/complexity UE when sending a paging message. In this contribution we discuss the impact of transport block size and downlink bandwidth limitations on the paging mechanism for low cost/complexity UEs.
2 Discussion

2.1 Paging mechanism

Paging is a mechanism for the network to initiate setting up a connection with a UE when it is in RRC_IDLE state. The UE monitors the L1/L2 control signalling to receive the downlink scheduling assignments related to paging. During a paging cycle, a UE is allowed to sleep and subject to only briefly wake up to monitor the L1/L2 control signalling. If the UE detects a group identity used for paging, i.e. P-RNTI, it will process the corresponding downlink paging message. The message will be discarded if the UE cannot find its identity otherwise it will response by initiating the random access procedure.

Paging of a mobile device in EPS (Evolved Packet System) is initiated from the core network, typically triggered by arrival of downlink user data. The user data to be delivered is buffered in the SGW, which sends a DL data notification message to the MME. The MME checks which eNBs, that have cells belonging to any of the TAs, whose TAIs (Tracking Area Identity) are included in the UE’s current TAI list and sends a paging message, i.e. PAGING S1AP, across the S1 interface to each of these eNBs, requesting the eNB to page the UE in all cells belonging to any of the concerned TAs, i.e. all cells having a TAI that is included in the UE’s list of TAIs. The paging message includes a UE identifier based on the IMSI in the “UE Identity Index Value IE”, the UE’s list of TAIs in the “List of TAIs IE” and a possible UE specific DRX cycle length in the “Paging DRX IE”.

Upon receiving the paging message from the MME, the eNB calculates the applicable paging occasions, waits the next paging occasion and sends a Paging RRC message, indicated by a downlink resource assignment addressed to P-RNTI on the PDCCH, to the UE in the subframe corresponding to the paging occasion. The eNB does this for each of its cells that take part in the paging procedure.

2.2 Transport block size and paging message

The paging message can contain maximum 16 UE identities due to the constraint value “maxPageRec” [2]. Paging message includes a PagingRecordList which is composed of ue-Identity, and cn-Domain. cn-Domain is 1 bit, whereas ue-Identity contains either S-TMSI, which is 40 bits [32 bits (m-TMSI) + 8 bits (MMEC)], or IMSI, which is a sequence of IMSI-Digit of size that can range from 6 to 21. IMSI-Digit is an integer from 0 to 9, so it is 4 bits. Therefore the size of IMSI can range from 24 bits to 84 bits. 

If ue-Identity contains IMSI, for each UE the size of PagingRecordListcan can range from 25 bits (= 24 + 1) to 85 bits (= 84 + 1) which would make 88 UEs (~2216 / 25) or 26 UEs (~ 2216 / 85) respectively for a TBS of maximum size 2216 bits as agreed in RAN1#76 for data types referenced by SI-RNTI, P-RNTI, and RA-RNTI [3]. It would be 54 UEs (~ 2216 / (40+1)) if ue-Identity contains S-TMSI. Considering that paging message can contain up to 16 UE identities, transport block size limitation for low cost/complexity UEs does not have any impact on the maximum number of UE identities that a paging message can contain.
Observation 1 Transport block size limitation, i.e. maximum size of 2216 bits for data types referenced by SI-RNTI, P-RNTI, and RA-RNTI, for low cost/complexity UEs does not have any impact on the maximum number of UE identities that a paging message can contain.
2.3 Transmission bandwidth and paging message

The paging message can contain maximum 16 UE identities. If we have the largest possible paging message, we may need the full transmission bandwidth on a 20 MHz system to provide good coverage especially at the cell edge. When the transmission bandwidth is limited to 1.4 MHz, the network can transmit ~1440 coded bits (~ 120 REs * 2 (QPSK) * 6 PRBs) using the QPSK modulation scheme for coverage purposes. If we assume a code rate of 1/17, that would make ~84 payload bits (=> 1440 coded bits * 1/17) and thus only one paging identity can be transmitted in a paging message for low cost/complexity UEs.
Observation 2 When the network schedules the PCCH transmission within 1.4 MHz, the number of paging identities that can be transmitted in a paging message may be reduced significantly for coverage purposes.
2.4 Scheduling the PCCH transmission

The paging procedure for low cost/complexity UEs was discussed in the RAN2#85 meeting. RAN2 agreed to study further whether the network needs to know if a UE is a low cost/complexity UE when sending a paging message. We think there are two alternatives to solve this problem:
· Option 1:
The network always schedules the PCCH transmission within 1.4MHz regardless of whether the transmission is for a low cost/complexity UE.

· Option 2:
The network schedules the PCCH transmission within 1.4MHz only for low cost/complexity UEs provided that such information can be received from the core network prior to paging.
The network cannot know whether the UE is a low cost/complexity UE prior to sending the paging message unless it is notified in some way. In Option 1, the network always schedules the PCCH transmission within 1.4MHz assuming that at least one of the UE identities in the paging message belongs to a low cost/complexity UE. This may introduce a significant capacity limitation for paging when network coverage is a concern as discussed above. To avoid the paging capacity degradation, the eNB can be provided information on whether the paging is for a low cost/complexity UE as proposed in Option 2. This option requires S1 signalling so that the MME can inform the eNB if the paging request is for a low cost/complexity UE. We think Option 2 is a better solution to minimize the impact on the network scheduling and propose the following:

Proposal 1 RAN2 to agree that it would be beneficial to extend the paging message from the MME to the eNB across the S1 interface to provide information on whether the paging request is for a low cost/complexity UE.

Proposal 2 Inform SA2, RAN3, and CT1 about the discussion above.
The transmission bandwidth limitation restricts the number of UEs that can be paged within one paging message especially when coverage is concerned. The network may have to schedule fewer legacy or “normal” UEs, if any at all, in the same paging message if there is at least one low cost/complexity UE that needs to be paged at the same paging occasion. If it is not possible to schedule a paging message for all UEs to be paged in the first possible paging occasion, the eNB would need to make attempts to send the paging message for those UEs in the subsequent paging occasions. In order to minimize the impact on the legacy or “normal” UEs, the eNB may schedule the PCCH transmission for low cost/complexity UEs within 1.4MHz using a low cost/complexity UE specific P-RNTI. If the low cost/complexity UE detects a group identity used for paging, i.e. low complexity UE specific P-RNTI, it will process the corresponding downlink paging message transmitted on the PCH. The network would still need to know whether a UE is a low cost/complexity UE prior to sending the paging message so that it can schedule the PCCH transmission within 1.4MHz using a low cost/complexity UE specific P-RNTI.
Proposal 3 Discuss introducing a low cost/complexity UE specific P-RNTI to schedule the PCCH transmission for low cost/complexity UEs.
3 Conclusion

In this contribution we discuss the impact of transport block size and downlink bandwidth limitations on the paging mechanism for low cost/complexity UEs. In section 2 we have made the following observations:
Observation 1
Transport block size limitation, i.e. maximum size of 2216 bits for data types referenced by SI-RNTI, P-RNTI, and RA-RNTI, for low cost/complexity UEs does not have any impact on the maximum number of UE identities that a paging message can contain.
Observation 2
When the network schedules the PCCH transmission within 1.4 MHz, the number of paging identities that can be transmitted in a paging message may be reduced significantly for coverage purposes.


Based on the discussion in the section above we propose the following:
Proposal 1
RAN2 to agree that it would be beneficial to extend the paging message from the MME to the eNB across the S1 interface to provide information on whether the paging request is for a low cost/complexity UE.
Proposal 2
Inform SA2, RAN3, and CT1 about the discussion above.
Proposal 3
Discuss introducing a low cost/complexity UE specific P-RNTI to schedule the PCCH transmission for low cost/complexity UEs.
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