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1 Introduction
A new RAN1 WI Further LTE Physical Layer Enhancements for MTC was approved in [4], with the following objective
· Specify a new Rel-13 low complexity UE category/type for MTC operation 
· Specify a new UE for MTC operation in LTE that allows for target enhanced coverage of up to 15 dB 

After the first few RAN1 meetings, reduced UE bandwidth of 1.4 MHz in downlink and uplink has been prioritized as the most important complexity reduction technique for Rel-13 MTC.  
Additionally, the focus of RAN1 work has been on coverage enhancements up to 15 dB, which can be applicable to the reduced complexity UEs as well as other UE categories. 

Amongst the many agreements, RAN1 has made significant progress related to transport block restrictions, paging, and RACH and has sent a number of corresponding LSs to RAN2 [1], [2], [3].   
This contribution discusses several signalling aspects related the low cost Rel-13 UE and the coverage enhanced UE.  

In order to not confuse the category 0 UE with the Rel-13 bandwidth reduced UE, in this contribution we will refer to the new types of UEs as bandwidth reduced UEs
2 Discussion
2.1 RAN1 agreements
RAN1 has currently agreed to the following relevant agreement with respect to bandwidth reduction and transport block size
· A bandwidth reduced UE, is a UE that has a limited bandwidth of 6RBs.  According to RAN1, it was agreed that the maximum TBS for unicast transmission and broadcast (still working assumption) is 1000 bits.  
· Rel-13 low complexity UE can be identified by PRACH.
· FFS for detailed indication method, e.g., Preamble and/or resource allocation
With respect to paging/RAR, the following agreements have been made [3]: 

1. Paging/RAR messages for Rel-13 low-complexity UEs and/or UEs operating coverage enhancements (CE) are transmitted separately from Paging messages for other UEs.

2. Paging/RAR message intended for Rel-13 low-complexity UE and/or UE operating CE can support PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels.

3. For paging, from RAN1 perspective, the following are beneficial

· The eNB needs knowledge that the UE to be paged is a Rel-13 low-complexity UE and/or is a UE that is to be paged using CE.

· If possible, it is beneficial for eNB to have knowledge on the required amount of coverage enhancement during Paging message transmission.

Furthermore, RAN1 has confirmed the following PRACH related agreements
· For PRACH multiplexing scheme, CDM, and/or TDM and/or FDM are supported

· After the initial random access procedure, for a physical channel using repetition, the repetition level is up to network

· Multiple PRACH repetition levels are supported

· Repeating the existing preamble formats for PRACH enhancement 

· In addition, define additional time/freq. resource region(s) separate for “enhanced coverage” UEs.

· Within new region, at least CDM is allowed.

· Specified maximum numbers of levels: Working assumption of 3 (this does not include “zero coverage extension”). More evidence needed if we were to extend this. 

· eNB-configurable number of levels (1, 2, 3) up to specified max level.

· 1 attempt = configured number of repetitions.

2.2 Considerations for bandwidth reduced UEs
As per RAN1 agreements, the Rel-13 bandwidth reduced UEs will not be able to receive or transmit over more than 6PRBs and will not be able to read legacy PDCCH.  Therefore, in order for the UE to initially access the system successfully and to continue operating with the given bandwidth restriction, the eNB needs to have knowledge of the restrictions, since the first initial access of the UE. 

To allow successful initial access, RAN1 has agreed that BW reduced UEs and/or coverage enhanced UE will be handled separately from legacy UEs for RAR and Paging and has agreed that PRACH is used to identify Rel-13 low complexity UEs. The details are for further study.
Observation 1 The eNB can identify a BW reduced UE via the received PRACH (preamble and/or time/frequency resource) 

After initial access, the eNB may use the received PRACH information to identify the type of UE and use this information for all subsequent BW reduced transmissions.  
Since the eNB can implicitly deduce the UE capability from the received PRACH, it is not clear whether subsequent UE capability information is necessary to be provided to the eNB. 

The capability information will be required by a target eNB when the target cell is being prepared and dedicated preamble is allocated for the UE.  Currently the source eNB transfers the UE capability information to the target eNB, such that the target eNB can properly provision its resources.  Similarly, given that the BW reduced UE capability is a static UE capability, it is suggested that the UE provides this information to the eNB using the UE capability signaling.  

Proposal 1 The eNB is notified that the UE is a bandwidth reduced UE via UE capability signaling
In addition to initial access and normal operation, the eNB needs to be aware of UE BW restrictions for paging purposes.  
Since the eNB doesn’t have any UE context when the MME sends a paging request, the eNB doesn’t have knowledge that the UE to be paged is BW reduced UE.  To notify the eNB of the paging capability of the UE, it is proposed to use the mechanism as adopted for category 0 UE:

· Extend The UERadioPagingInfo sent by the UE to the eNB to include the new bandwidth reduced capability.  
· The UERadioPagingInformation, which contains the UERadioPagingInfo will be used to convey this capability from the eNB to the MME and from MME to the eNB indicating that the UE to be paged is a bandwidth reduced UE. 
Proposal 2 MME/eNB should be notified of the bandwidth reduced UE capability via similar mechanism to Rel-12 category zero UE (e.g. using UERadioPagingInfo)
2.3 Considerations on coverage enhanced UEs
With regards to coverage enhanced UEs, RAN1 has agreed that coverage enhancement of PRACH (RACH message1) will be achieved through repetition of the legacy PRACH formats.  Currently (working assumption) up to three eNB configurable multiple PRACH repetition levels are supported.  
The different coverage levels can be identified by PRACH, by defining one or more additional PRACH time/frequency resource regions for UEs operating with CE, apart from the regions for the legacy PRACH configuration. Within such regions, code multiplexing of UEs will be possible through allocation of different PRACH preamble sequence groups to UEs with different repetition levels.
After the initial random access procedure, for a physical channel using repetition, the repetition level is up to network.  

The coverage state and level of the UE may dynamically change based on channel conditions and UE location.  The conditions or criteria to determine a coverage level is still under discussion in RAN1.

After initial access, the eNB can use the PRACH information to determine the coverage level of that UE which it can use to determine the repetition level of paging messages or other physical channels associated to this UE.  
However, after the initial access the UE may change coverage level or state.  Furthermore, if a UE is in idle mode the network may not be aware of the coverage level or state of the UE. 
lf the network is not aware of the coverage level of the UE it may have to assume worst case scenario and perform highest level of repetitions, which will lead to inefficient use of network resources.  

Observation 2 The CE state and levels in the UE may change dynamically depending on channel conditions and UE location
Observation 3 To make efficient use of the resources the network has to be made aware of the coverage state and/or coverage level of the UE

Proposal 3 A mechanism to notify the network of change of coverage state or level should be introduced in RAN2

In order to determine mechanisms to notify the network, in this contribution we analyse two scenarios:

1) The UE changes to a worse coverage level after the initial access

2) The UE changes to a better coverage level  
A change to a worse coverage level may result in loss of cell coverage  and loss of communication with the eNB, i.e., the UE may not be able to send or receive any subsequent transmission (e.g. RRC message or data).  The UE may detect radio link failure, exceed maximum allowed SR requests (i.e. initiate RACH procedure), or initiate a RRC re-establishment procedure.  

Once the UE initiates a random access procedure (i.e. to transmit a RRC re-establishment or request resources), it can select the PRACH from the updated coverage level group and eventually regain connection to the eNB with the new coverage level.   Nonetheless, during this time the UE will be unreachable and a service interruption may occur.  In order to avoid unnecessary delays and service interruptions for such UEs, it would be beneficial to notify the network as soon as the UE determines that the configured coverage level has changed.  
Observation 4 To avoid service interruption and delays, the UE should notify the eNB as soon as a change in the coverage level is detected.   

The UE may notify the eNB by triggering a RA procedure upon detection of coverage level change.  Based on the PRACH used by the UE, the eNB will detect the change of UE coverage level and may adjust  the repetition levels of other physical channels accordingly.  The other alternative, is to use a RRC message to notify the eNB, however as discussed above, the eNB may not be able to receive the message as the repetition levels are not adapted to the UE coverage level.  
Observation 5 When the UE changes to a worse coverage level the eNB can only determine the new coverage state upon a RA procedure.  RRC messages to notify the eNB are likely to fail. 
Changing to a better coverage state doesn’t have a significant impact to the UE.   The UE will still be able to communicate with the eNB, even though it may be using higher repetition levels than required.  From the eNB perspective, being aware of these changes would be beneficial to avoid unnecessary excessive repetition levels and waste of resources.

To determine that the coverage level has become better, the eNB can make use of existing measurements or measurement reporting schemes to determine that the coverage state of the UE has become better.  However, it is not clear whether the existing framework would allow the eNB to determine the change of level in a timely manner.  Receiving a timely notification by the UE can be used by eNB to better provision the available resources.   Provided that a new trigger is defined and deemed important for the first case (e.g. the coverage level becomes worse), for simplicity, the same mechanism should be defined for both cases.  
It should be noted that the overhead of the random access procedures should be minimal as the CE UEs are considered to generally be low mobility and not expected to change states frequently.
Proposal 4 The UE triggers a Random Access procedure when a change of coverage level is detected.  FFS on the exact triggering criteria.  
The knowledge in the eNB of the UE coverage level will mainly be used to determine the repetition levels of different channels.  

However, when a paging request comes from the MME, the eNB may not be aware of the UE coverage level and therefore may not know what repetition level to use for paging.  To allow the eNB to reach the coverage limited UE it should be made aware of the coverage level or state of the UE.  This may be done using two alternatives:

1) The eNB stores the coverage level information determined/received for the UE.  In this alternative, the eNB stores the coverage level information for a UE that enters RRC idle.  When a paging message is received from the MME, the eNB has to identify that the UE being paged corresponds to a UE for which a coverage level is stored in the eNB. This alternative may be more optimal from the system point of view as only this eNB will use the higher repetition level (e.g. the other eNBs sending paging will use normal paging messages).  However, it may not be desirable as it would result in significant changes to existing eNB behavior.  Currently, the eNB doesn’t store UE specific information and it doesn’t have to match paging messages to stored information.  Additionally, behavior of deleting UE specific information would have to be further specified. 
2) The eNB notifies/updates the MME when a change of coverage state or level is detected.  While this alternative may result in a few more frequent exchanges with the MME, it has the benefit of keeping existing eNB behavior untouched.  The MME will always be up-to-date with the UE coverage state or level. When paging, the MME may notify an eNB about the coverage state of the corresponding UE.  This may be done by extending the UERadioPagingInformation IE to include coverage state or levels.  How many levels may be FFS.
Proposal 5 The eNB notifies/updates the MME when a change of coverage state or level is detected using new values included in the UERadioPagingInformation
Finally, several other aspects related to paging will have to be considered such as the need to change how paging occasions are calculated, whether UEs of the same coverage level can be multiplexed together, whether a P-RNTI will be used for scheduling paging messages, etc.  However these discussions should take place once RAN1 has progressed further.  

3 Conclusion

After considering the different RAN1 agreements reach with respect to the PRACH and Paging the following proposals have been made: 
Proposal 6 The eNB is notified that the UE is a bandwidth reduced UE via UE capability signaling

Proposal 7 MME/eNB should be notified of the bandwidth reduced UE capability via similar mechanism to Rel-12 category zero UE (e.g. using UERadioPagingInfo)
Proposal 8 A mechanism to notify the network of change of coverage state or level should be introduced in RAN2

Proposal 9 The UE triggers a Random Access procedure when a change of coverage level is detected.  FFS on the exact triggering criteria.  

Proposal 10 The eNB notifies/updates the MME when a change of coverage state or level is detected using new values included in the UERadioPagingInformation
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