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1 Introduction
RAN1 #79 has discussed and made the following agreements on paging for Rel-13 low complexity UEs and UEs operating in coverage enhancement (CE) (1). 
Agreements:

Agree that PBCH related agreements in Rel-12 captured in the background in R1-145400 are applied for Rel-13 low-complexity UEs and coverage enhancement UEs

Working assumption: Legacy PBCH is utilized by Rel-13 low complexity UEs and coverage enhancement UEs in both normal and enhanced coverage

Note: FFS: utilize spare bits in MIB

Agreements:

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

RAR/paging 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

For paging, from RAN1 perspective, followings 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

Agreements:

RAN1 confirms that following PRACH related agreements in Rel-12 LC-MTC are applied for Rel-13 low-complexity UE

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.

Agreements:

Rel-13 low complexity UE can be identified by PRACH.

FFS for detailed indication method, e.g., Preamble and/or resource allocation
Observation #1: A LC UE or one in CE that seeks to connect to an eNB will need first to determine whether the eNB can support it. This can be indicated by the MIB or possibly by a SIB. The UE will then need to be able to indicate to the eNB its LC and/or CE status so that the eNB can allocate it resources in the format that it can receive and transmit. 

2 Considerations for indication of LC and CE by a UE 
Release 12 discussions on LC and CE covered various options for a Category 0 UE to indicate its status to the eNB. An indication in message 3 was chosen. Rel-13 LC UEs will have a more restricted bandwidth and TBS than Cat 0 which means that an indication as early as possible in the communication is desirable to avoid the possibility of lost MO communication.  Coverage enhancement will require relaxed allowances for re-tries and longer timer intervals to allow for delayed responses. A select set of PRACH preambles (message 1) was proposed as a possible solution for indicating Cat.0 status in Release 12. The selection of this method for Rel-13 LC UEs is consistent with the agreements made by RAN1. An eNB that supports the LC UEs should always allocate some preambles for these UEs and can increase and decrease the number of reserved preambles based on the number of UEs that use them. The loss of the availability of some preambles for legacy UEs has been a concern. It will therefore be necessary to apply a new mechanism to adjust the preamble range to balance the allocation between the categories of UEs.
Observation #2: Using a partitioned set of PRACH preambles within the existing PRACH range for indicating Rel13 LC UEs and for CE UEs is consistent with RAN1 agreements and with the need to have an early indication of UE capability.
Proposal #1: RAN2 should consider defining a reserved range of PRACH preambles for use by Rel13 LC UEs and for CE UEs.
Appendix 1 describes this solution in more detail in terms of an indication of LC and CE capability using a reserved PRACH preamble set. 
A UE may be able to estimate its required CE from the strength of its reception of the downlink. There should be a way for the UE to inform the eNB of its signal strength, also within message 1. There may be, for example, three defined ranges of CE, 0-5dB, 5-10dB and 10-15dB. 

Separate preambles within the range of 64 could be assigned for different CE ranges so that a UE could select a preamble from a  defined range to inform of its CE needs, for example 5-10dB enhancement. The eNB could then respond appropriately. This would require multiple PRACH preamble range partitions and managing the sizes of the ranges could be challenging and lead to inefficient utilization.
An alternative method might be to define some new random access preamble formats beyond for example the three existing FDD options 0-3. Different lengths (Tcp and Tseq ), numbers of repeats, reserved frequencies or other means could be used to distinguish the preambles to the eNB. A UE needing 5-10dB would respond with a preamble within the reserved LC and CE range of preambles and also in a format defined to indicate 5-10dB CE. A longer period covering more subframes with repeated transmissions a preset number of times defined in a new format. If the eNB receives the preamble belonging to the LC and CE range and with the defined format it would respond with enough repeats and relaxed timing appropriate for 5-10dB CE. If the UE does not receive an expected response within a timeout defined for 5-10dB operation it could switch to the next preamble format for 10-15dB which would have different time, frequency or repetition parameters appropriate for that range of CE. Non-LC UEs using CE should also act as LC UEs and use the same random access parameters for CE indication.

Proposal #2 RAN2 should consider defining a range of new preamble formats to indicate discrete ranges of CE required by UEs.
3 Notification of LC and CE UE by the MME
As noted in the RAN1 agreements, for MT paging the eNB should know whether a UE that it pages is a LC UE and/or a UE in CE and in how much CE is required.

Rel-12 agreements for Cat 0 by RAN2 and RAN3 defined a MME indication for Cat 0 UE capability based on the known device category. A similar mechanism for the new LC UEs could be used. In addition to this it would be useful to know whether a UE of any category is capable of using CE or not.
Proposal #3: RAN2 should send a LS to RAN3 recommending to consider defining a MME originated indication of LC UE status similar to the one defined for Rel-12 for Category 0 and also include information on whether the UE is capable of CE and last known estimated coverage level..
Permanent records for a UE may not reliably contain information on its current actual CE needs. This is dependent on location and can change dynamically.  However, many UEs in CE may be stationary, in which case the information could be recorded either permanently or updated based on a record of past connections. In cases of consistent previous contact with a particular UE found to be using a particular range of CE, it may be assumed that this range of CE is appropriate for paging that UE at least for a first paging attempt. 
Proposal #4: RAN 2 should consider defining a paging method for MT communication that takes account of previous CE usage trends for that UE.
LC UEs may be mobile and changing from normal to and from enhanced coverage. In these cases the most efficient way to start to attempt to page a UE with unknown CE requirements would be to assume normal coverage. Progressively stepping up the amount of CE used for MT paging when there is no response by a UE would probably be the most efficient method to find the necessary level.

Proposal #5 RAN2 should consider a MT paging method that steps up the amount of CE directed to a UE progressively when there is no response to a page.

4 Conclusions
Observation #1: A LC UE or one in CE that seeks to connect to an eNB will need first to determine whether the eNB can support it. This can be indicated by the MIB or possibly by a SIB. The UE will then need to be able to indicate to the eNB its LC and/or CE status so that the eNB can allocate it resources in the format that it can receive and transmit.
Observation #2: Using a partitioned set of PRACH preambles within the existing PRACH range for indicating Rel13 LC UEs and for CE UEs is consistent with RAN1 agreements and with the need to have an early indication of UE capability.
Proposal #1: RAN2 should consider defining a reserved range of PRACH preambles for use by Rel13 LC UEs and for CE UEs.
Proposal #2 RAN2 should consider defining a range of new preamble formats to indicate discrete ranges of CE required by UEs.

Proposal #3: RAN2 should send a LS to RAN3 recommending to consider defining a MME originated indication of LC UE status similar to the one defined for Rel-12 for Category 0 and also include information on whether the UE is capable of  CE and last known estimated coverage level..
Proposal #4: RAN 2 should consider defining a paging method for MT communication that takes account of previous CE usage trends for that UE.
Proposal #5 RAN2 should consider a MT paging method that steps up the amount of CE directed to a UE progressively when there is no response to a page.

5 Appendix I: PRACH partition solution

Currently there are 64 preamble patterns which the eNB divides up into three groups (one group for contention free PRACH and two for contention based access). These groups are set up via SIB2 IEs (sizeOfRA-PreamblesGroupA and numberOfRA-Preambles).
A new group within the 64 existing preamble could be designated for use only by LC UEs and for. New IEs in a new SIB should be used to allocate this new preamble group to the LC UEs and for CE. SIB 2 will need to transmit the corresponding information for legacy UEs so that they can avoid the reserved range.
New CAT 0 Preamble Allocation


When the eNB receives a preamble in the reserved range that indicates a response matching the capabilities of the LC UE is requested. The associated RAR would need to be scheduled accordingly. The eNB can adjust the number of preambles in the “reserved” group based on the PRACH traffic that it detects. The reserved PRACH demand may change quickly but the eNB would not be able to adjust more quickly than a new SIB can be updated. The update rate will be constrained by the need for repetition of the new SIB for UEs in CE and also a need to avoid frequent SIB changes that demand additional UE power consumption to receive them.  
Additional partitioning of the preamble space could be used to indicate some discrete ranges of CE required. The amount of CE needed would indicate to the eNB that it should respond with more or less repeats of its response and allow longer delays for UE responses. More partitioning is problematic from the perspective of dynamic control of the ranges of preambles.
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