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1 Introduction

As per the WID [1], both Rel-13 Low Complexity (LC) MTC UEs with reduced bandwidth (BW) support and other MTC UEs with “normal complexity” UEs, e.g., Cat 0, Cat 1, may support the enhanced coverage feature; Furthermore, it was agreed [1] to strive to “minimize divergence of solutions between the new UE category/type and other UEs” and accordingly, a ‘normal complexity UE’ configured with the coverage enhancement techniques may be required to mimic some of the behaviours of a Rel-13 low complexity UE configured with the coverage enhancement technique.

This contribution discusses the supported functionality for Rel-13 Low Complexity MTC UEs and Rel-13 coverage enhancement considering the latest RAN1/2/4 agreements aiming to progress on the completion of these features.
2 On new UE category

RAN1 agreed on the maximum TBS of 1000 bits for broadcast transmissions, and 1000 bits for unicast transmission, similarly to Rel-12 category 0 UE, although these Rel-13 LC UEs do no need to support simultaneous reception of multiple unicast/unicast, unicast/broadcast, or broadcast/broadcast transport blocks. 

For Rel-13 LC UEs, we need to discuss if new ue_Category_DL and/or ue_Category_UL, need or not to be defined. For DL, our preference is to define a new cat.-M as part of the Table 4.1A-1 in TS 36.306, due to the differences previously explained, as well as, the indication of reduced BW support as part of the DL physical layer parameter indication in comparison to other categories of UEs. 

For UL, we could consider re-using the one from category 0, as they have same maximum TBS for unicast, however this might may need further considerations as there is also need to indicate the reduced BW support as UL physical layer parameter indication.
Proposal 1:
· To define a  new DL category of the Rel-13 Low Complexity (LC) UE, to define that supports no more than 1000 bits for unicast transport block and 1000 bits for broadcast transport block with no support of simultaneous reception of multiple TBS (in Table 4.1A-1 in TS36.306).
· To define new indication of reduced BW as part of the DL and UL physical layer parameter indication for the Rel-13 Low Complexity (LC) UE.
· To further discuss whether a new UL category of the Rel-13 Low Complexity (LC) UE is defined or, UL category defined for category 0 UE is reused.
· For the new category of the Rel-13 LC UE, the Total L2 buffer requirements is the same as category 0 UE.
3 On coverage enhancement modes
At the RAN1 #82bis meeting, two coverage enhancement (CE) modes were defined [2]: 

· CE mode A: for UE behaviors corresponding to no/small number of repetitions (mainly targeting to compensate for 1 Rx chain and reduced BW support for Low Complexity UEs).
· CE mode B: for UE behaviors corresponding to medium-large number of repetitions.
Even though any Rel-13 UE could potentially support the CE feature, it is also important to distinguish the actual level of coverage enhancement supported by the different UEs considering that the UE's behaviours could be diverse depending on whether the CE techniques are used to target small or large amounts of coverage enhancement. The common understanding is that the small and medium-large coverage enhancement cases correspond to the “shallow coverage” and “deep coverage” cases respectively. The support of features for small/shallow CE may essentially be to compensate for the reduced reception and transmission capabilities for Rel-13 LC MTC UEs due to complexity reduction features like single receiving chain, reduced BW support, and lower maximum transmission power, etc.; which, as previously explained , is referred as CE mode A.

Given that many MTC/IoT applications (e.g., wearables, consumer electronics with some limited mobility, sensors) may only require CE support sufficient to compensate for the reduced reception and transmission capabilities and may not necessarily need large CE support, it is important to avoid mandating a Rel-13 LC MTC UE to support both sets of behaviours (i.e. a UE can support only CE mode A or can support CE modes A and B) in order to facilitate low complexity implementations based on the target use cases. Hence, in our view, it is important that for Rel-13 LC MTC UEs, the support of CE mode A is mandatory while the CE mode B could be optionally supported.

For the other Rel-13 UEs with “normal complexity” (e.g. Cat 0, Cat 1), the support of CE features can be defined as an optional feature and further, support of CE modes A and B can be specified as conditionally mandatory. Based on this, we summarize our views in Table 1 below. For these UEs, such as for Cat.0, we could also consider the support of CE mode A as mandatory and CE mode B as optional if use cases and benefits are identified.

Table 1. Relation of UE category and CE mode support

	Category of UE
	CE mode support

	Rel-13 low complexity (LC) UE (“Rel-13 reduced BW UE”)
	CE mode A is mandatory while CE mode B is optional
     CE mode A is conditional mandatory to CE mode B

	Other Rel-13 UEs (“normal complexity UEs”, e.g., Cat 0, Cat 1)
	CE feature is optional

     CE mode A is conditional mandatory to CE mode B


Proposal 2:
· In relation to coverage enhancement (CE) feature, to define the support of CE mode A as conditional mandatory to CE mode B i.e. A UE can support only CE mode A, while if CE mode B is supported, CE mode A is supported implicitly.
· For Rel-13 Low Complexity (LC) UE (“Rel-13 reduced BW UE”), to define the support of CE mode A as mandatory and the support of CE mode B as optional.
· For other UEs, e,g., Cat 0, Cat 1, etc., to define the support of CE mode as optional.
In addition, RAN1 concluded that the acquisition of SI messages across SI windows is feasible in idle mode with a maximum of 4 SI messages in parallel. On other hand RAN2, agreed that to extend the si-WindowLength values, up to 200ms, to fit the required Rel-13 LC/EC SI repetitions that a Rel-13 LC UE, when operating in NC, needs to receive in order to decode the Rel-13 LC/EC SI message (which, in our understanding, corresponds to what RAN1 herein refers to as CE mode A). Therefore, understanding that not all UEs need to support that same coverage level and aiming to reduce the overall UE complexity and cost, we propose the following simplification:

Table 2. Relation of CE support with the SI design

	Rel-13 UE support of
	SI design

	CE mode A (only)
	Only supports combining the SI messages within the same SI window (i.e. same SI design as legacy)

	CE modes A and B
	Supports combining of SI messages across different SI windows (i.e. different SI design than legacy) 


Proposal 3:
· Rel-13 UE, supporting only CE mode A, only supports combining the SI messages within the same SI window (i.e. same SI design as legacy).
· Rel-13 UE, supporting CE modes A and B, supports combining of SI messages across different SI windows (i.e. different SI design than legacy).

4 On duplex type and UE power class
As per the WID [1], "Half duplex FDD, full duplex FDD, and TDD should be supported but since half duplex operation is particularly beneficial from device complexity and power consumption point of view, the solutions specified within this work item should be optimized for half duplex FDD and TDD". 

Similar to the Cat 0 support of half duplex FDD (HD-FDD), for Rel-13 LC MTC UEs, the support of HD-FDD and full duplex FDD (FD-FDD) would both be optional, i.e., it is up to implementation choice to support either HD-FDD or FD-FDD and a Rel-13 LC MTC UE supporting HD-FDD may not support FD-FDD. As it was discussed in Rel-12, such optionality provides maximum flexibility to the UE implementation and could enable low complexity and low cost implementations for the RF front-end of the devices, assuming that UE uses HD-FDD (i.e. if FD-FDD has to be implemented, this would drastically increase the cost, complexity and size). 
Further, Rel-13 LC MTC UEs may only support Type B HD-FDD operation similar to Cat 0 UEs in consideration of their lower complexity target. In addition, during Cat. 0 discussion the understanding was that FD-FDD is mandatory unless HD-FDD is supported in a given band; therefore if HD-FDD is supported in a band, FD-FDD is not supported in the band (i.e. exclusive each other) based on the halfDuplex indication.
SupportedBandEUTRA ::=                       SEQUENCE {

        bandEUTRA                                                   INTEGER (1..64),

        halfDuplex                                                  BOOLEAN

}

	halfDuplex

If halfDuplex is set to true, only half duplex operation is supported for the band, otherwise full duplex operation is supported.
	-


Proposal 4:
· Rel-13 Low Complexity (LC) UE (“Rel-13 reduced BW UE”) supports HD-FDD or FD-FDD mode of operation (same as for category 0 UE).
· Further, Rel-13 LC UE supports Type B HD-FDD.
Rel-13 LC MTC UEs may support one of the two UE power classes corresponding to the maximum transmission power of 23 dBm and 20 dBm, as indicated by RAN4 in their LS [3]. Accordingly, both power classes should be considered optional with signaling from the UE to be defined to indicate the supported option.
Proposal 5:
· Rel-13 Low Complexity (LC) UE (“Rel-13 reduced BW UE”) supports 20dBm and 23dBm both as optional UE power classes.
5 On feature support
Related to the support of other LTE features (up to Rel-12), the starting point for Rel-13 LC MTC UEs could be the optional/mandatory classifications specified for Cat 0 UEs, considering further simplifications; on the other hand, some of those mandatory features cannot be supported as these new UE category cannot receive all wideband reception e.g. reception of legacy PDCCH cannot be supported or the support of PSS/SSS-IC might not make sense in terms of UE complexity. Therefore we could think about two options: (a) all previous release mandatory features are optional for Rel-13 LC UE or (b) all previous release features are not supported for Rel-13 LC UE. For further reference (Annex includes Rel-10/11 RAN2 features for further reference); our preference is option (a). 

RAN2 WG already agreed that MBMS and ProSe are not supported (as related SIBs are not defined within the Rel-13 LC/EC SIB). Additionally, the support of other Rel-13 features need to also be discussed, e.g. LAA, FD-MIMO, eCA, eD2D, Indoor positioning, eDRX and NB-IoT. The baseline assumption could be that all Rel-13 features are supported as optional for Rel-13 LC UEs, unless it is indicated explicitly that the functionality is not supported, such as for eD2D (i.e. ProSe SIB is not defined and UE also requires different Rx chain to receive SC-FDMA waveform), or those that are technically no feasible, such as, LAA, eCA and FD-MIMO (i.e. requires multiple antennas).

Proposal 6:
· All Rel-8/9/10/11/12 mandatory features are defined as optionally supported by Rel-13 Low Complexity (LC) UE (“Rel-13 reduced BW UE”).
· If there is any Rel-13 mandatory feature, it is defined as optionally supported for Rel-13 Low Complexity (LC) UE (“Rel-13 reduced BW UE”).
6 Conclusion

In this contribution, we provided our views on defining new UE category and capabilities for Rel-13 LC MTC. Based on the discussion presented, we summarize our views through the following proposals:
Proposal 1:
· To define a  new DL category of the Rel-13 Low Complexity (LC) UE, to define that supports no more than 1000 bits for unicast transport block and 1000 bits for broadcast transport block with no support of simultaneous reception of multiple TBS (in Table 4.1A-1 in TS36.306).
· To define new indication of reduced BW as part of the DL and UL physical layer parameter indication for the Rel-13 Low Complexity (LC) UE.
· To further discuss whether a new UL category of the Rel-13 Low Complexity (LC) UE is defined or, UL category defined for category 0 UE is reused.
· For the new category of the Rel-13 LC UE, the Total L2 buffer requirements is the same as category 0 UE.
Proposal 2:
· In relation to coverage enhancement (CE) feature, to define the support of CE mode A as conditional mandatory to CE mode B i.e. A UE can support only CE mode A, while if CE mode B is supported, CE mode A is supported implicitly.
· For Rel-13 Low Complexity (LC) UE (“Rel-13 reduced BW UE”), to define the support of CE mode A as mandatory and the support of CE mode B as optional.
· For other UEs, e,g., Cat 0, Cat 1, etc., to define the support of CE mode as optional.
Proposal 3:
· Rel-13 UE, supporting only CE mode A, only supports combining the SI messages within the same SI window (i.e. same SI design as legacy).
· Rel-13 UE, supporting CE modes A and B, supports combining of SI messages across different SI windows (i.e. different SI design than legacy).

Proposal 4:
· Rel-13 Low Complexity (LC) UE (“Rel-13 reduced BW UE”) supports HD-FDD or FD-FDD mode of operation (same as for category 0 UE).
· Further, Rel-13 LC UE supports Type B HD-FDD.
Proposal 5:
· Rel-13 Low Complexity (LC) UE (“Rel-13 reduced BW UE”) supports 20dBm and 23dBm both as optional UE power classes.
Proposal 6:
· All Rel-8/9/10/11/12 mandatory features are defined as optionally supported by Rel-13 Low Complexity (LC) UE (“Rel-13 reduced BW UE”).
· If there is any Rel-13 mandatory feature, it is defined as optionally supported for Rel-13 Low Complexity (LC) UE (“Rel-13 reduced BW UE”).
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