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Discussion/Decision
1
Introduction
In Rel-13 low-complexity UE WI [1], the additional required capabilities on top of Rel-12 low-complexity UE capabilities have been listed under three categories such as cost reduction, coverage enhancement, and reduced power consumption. As a part of further cost reduction, the followings have been agreed as candidate techniques:

· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.
· Reduced maximum transmit power.

· Reduced support for downlink transmission modes.

· UE processing relaxations

In this contribution, we discuss on the potential issues to support RAR and paging for Rel-13 low-complexity UE.

2
Discussion
It has been agreed to introduce an indication of the paging capability from MME to eNB for Rel-12 Cat-0 UE in order to avoid the paging resource waste since the paging channel coverage for the Cat-0 UE is worse than the other UE categories due to its smaller number of receive antennas, and an eNB has no information of the single Rx capability when eNB transmits paging signals, thus resulting in paging resource waste as the paging signal should target the worst coverage UE in the cell. Therefore, the paging capability indication may avoid this resource waste since the coverage compensation can be used only for the single Rx capability UE. However, Rel-13 low-complexity UE has additional capability limitation such as reduced bandwidth which seems to be even more problematic since the Rel-13 bandwidth limited low-complexity UE may not be even possible to monitor the PDCCH with P-RNTI which contains the scheduling information for paging.
In RAN1 #78bis, it was agreed that narrow band control channel (e.g. EPDCCH) is used for Rel-13 low-complexity UE, therefore the DCI for paging could still be transmitted in the EPDCCH. However, eNB should be informed before it transmits paging if the paging signal is targeted for normal LTE UE, single Rx UE (i.e. Rel-12 low-complexity UE), or single Rx and bandwidth limited UE (i.e. Rel-13 low-complexity UE) in order to select an appropriate container (e.g. PDCCH or EPDCCH) and link adaptation level. Otherwise, the eNB will waste the paging resource to transmit the paging signal in all possible ways at the same time.
Given that we already introduced the paging capability signal in Rel-12, a simplest way to address this issue is that the limited bandwidth is added in the paging capability signal to indicate Rel-13 low-complexity UE. Hence, eNB may select either PDCCH (for normal LTE UE and Rel-12 Cat-0 UE) or EPDCCH (for Rel-13 low-complexity UE) for paging signalling.
Proposal-1: an additional indication of limited bandwidth capability needs to be defined within the paging capability signal.

The RAR has a similar issue with paging since its scheduling information is transmitted via PDCCH common search space and the Rel-13 low-complexity UE may not be able to receive legacy PDCCH if the system bandwidth is larger than 1.4MHz. Also, an eNB has no knowledge of limited bandwidth capability when the eNB transmits RAR for a PRACH preamble in the contention based RACH procedure. Therefore, it seems to be important that eNB is informed about the reduced bandwidth capability before it transmits corresponding RAR. Otherwise, eNB may need to assume all UEs in the cells are bandwidth limited UE or eNB transmits duplicated RAR in both EPDCCH and PDCCH to support bandwidth limited UE and regular UE, which seem to be inefficient in terms of resource utilization. Therefore, it is recommended to introduce an indication of bandwidth limited capability via RACH msg1. As a limited bandwidth capability indication candidate, PRACH resource partitioning could be considered.     

Proposal-2: indicate the bandwidth limited capability via RACH msg1 and consider PRACH partitioning as a candidate for the indication.
It was agreed in Rel-12 that multiple coverage enhancement (CE) levels are supported for PRACH preamble transmission and each CE level may have a separate PRACH resources. Therefore, an eNB may be indicated regarding the coverage enhancement level of the corresponding PRACH preamble. Given that an eNB could be informed about a required coverage enhancement level, the corresponding RAR should be transmitted with the same level of the coverage enhancement. Therefore, the number of repetitions for RAR should be also based on the CE level of transmitted PRACH preamble.

Proposal-3: the number of repetitions for RAR should be based on the CE level of transmitted PRACH preamble.
The DCI associated with RAR and paging have been transmitted in PDCCH common search space. Given that the PDCCH is not possible to use for bandwidth limited UE, common search space based on EPDCCH may be considered for Rel-13 low-complexity UE. Also, the PDSCH containing paging and RAR may be also transmitted with DM-RS.

Proposal-4: introduce EPDCCH common search space for common control signalling. 

3
Conclusion
In this contribution, we discussed on the paging and RAR for Rel-13 low-complexity UE. From the discussions, the followings are proposed:
Proposal-1: an additional indication of limited bandwidth capability needs to be defined within the paging capability signal.

Proposal-2: indicate the bandwidth limited capability via RACH msg1 and consider PRACH partitioning as a candidate for the indication.
Proposal-3: the number of repetitions for RAR should be based on the CE level of transmitted PRACH preamble.
Proposal-4: introduce EPDCCH common search space for common control signalling. 
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