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1      Introduction

The Low Cost and Enhanced Coverage (LC MTC) work item description [1] indicates that a “new UE category/type” needs to be defined as indicated below. This contribution discusses the open aspects in RAN2 to be able to specify this new UE category/type for MTC operation.
“Specify a new UE category/type for MTC operation in all LTE duplex modes supporting the following capabilities:

· 1 Rx antenna.

· Downlink and uplink maximum TBS size of 1000 bits.

· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband, while the control channels are still allowed to use the carrier bandwidth. Uplink channel bandwidth and bandwidth for uplink and downlink RF remains the same as that of normal LTE UE.”
2      Discussion

RAN 1, based on their discussions during the WI/SI ([1], [2], Annex 1), agreed to specify: 

· A new category for Low Cost or Complexity UEs.

· A new UE type for enhanced coverage understood as a new feature or mode associated to certain UEs.
Observation 1: A new category for LC MTC and a new type (i.e. feature/functionality) for enhanced coverage capability will be defined in LC MTC WI for Rel-12.
In RAN1 discussion of “Way forward on the remaining details of new UE category/type” [3] was also agreed to:
“Both contiguous and non-contiguous resource allocations for unicast are supported.
From RAN1 specification point of view, eNB does not require knowledge of the single Rx antenna property of the UE.”
The new LC MTC UE category and enhanced coverage mode target Release 12 implementation and might not be compatible with previous releases due to their specific requirements. For example, the new LC MTC UE category will not be backwards compatible to legacy networks (Rel-8/9/10/11). A UE with the enhanced coverage functionality should be compatible with legacy network where this functionality is not enabled and the UE category is not LC MTC. These aspects need to be considered while also specifying the corresponding RAN2 functionality (e.g. handover).
Observation 2: The new UE category is not backward compatible to legacy networks (Rel-8/9/10/11).
Proposal 1: Send an LS to RAN1 to confirm that the new LC MTC UE category will not be backward compatible with the legacy network and to clarify that the new type reference for enhanced coverage is understood as a new feature or functionality of certain UEs (for LC MTC or other UEs).
2.1     New UE category for Low Cost UEs
This section focuses on Low Cost or Complexity UEs and does not consider the enhanced coverage functionality. Current RAN1 discussion on the DL channel limitation aspect, as per “Downlink and uplink maximum TBS size of 1000 bits” and “Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband, while the control channels are still allowed to use the carrier bandwidth” [1], leads to the following options:

Option a) This limitation applies to everything sent in PDSCH (i.e. all RNTIs).
Option b) This limitation only applies to PDSCH information associated to C-RNTI or SPS-RNTI without considering others RNTIs like SI-RNTI, P-RNTI and RA-RNTI.

Option c) This limitation is increased as suggested by RAN2 [4]. 
RAN1 is not differentiating between control or user data sent over PDSCH associated with a C-RNTI (e.g. RRC Connection Setup). Therefore, RAN2 needs to further discuss the potential impact in legacy devices if the network only recognizes this new UE category upon the exchange of the UE capability (i.e. how the network will apply the corresponding restrictions to this new category of devices while establishing the RRC connection with minimal impact to legacy UEs). Similar concerns were also raised during RAN2#85 ([5]-[8]).

In current specifications, UE capabilities are exchanged after establishing the connection, e.g. upon initial attach the eNB may query the UE using the UE Capability related messages or in other cases the eNB may get them directly from the MME. Until the UE capabilities are conveyed to the eNB, existing legacy networks may assume that a UE belongs to the lowest category (currently, cat.1) as default case. The new UE category (cat.0) is even more limited and if Rel-12 eNBs follow the same methodology, the network would assume that any UE is cat.0 by default. This could impact negatively to devices that are not cat.0 (e.g. the distributed resource allocation would be limited and this could be reflected on a benefit reduction of the scheduler in case of severe channel conditions). RAN2 needs to provide the right network operation for the new UE category which is limited in PRB and bits while assuring at least the same performance as in previous releases for legacy UEs which are not cat.0.
Observation 3: The new UE category should not impact the performance of legacy UEs.
There are different alternatives as outlined below to distinguish the new UE category (cat.0) before UE capability is exchanged and allow the network to differentiate LC MTC devices from legacy ones during the establishment of the RRC connection. This may be necessary for purposes such as avoiding the BW limitation to legacy UE or to apply different congestion control handling for LC MTC devices and non-LC MTC devices in case this is an aspect of interest to operators.
1. Notification during random access procedure If the 1000 bit TB size limit applies to the data scheduled with SI-RNTI, RA-RNTI and P-RNTI (still under discussion in RAN1), it will mean that the MAC PDU for random access response will be size limited to 1000 bits in all cases unless the eNB could distinguish the UE's of the new category (e.g. by using specific random access preamble or PRACH resource used). RAN1 needs to conclude on this aspect before any final decision can be taken in RAN2 and we suggest that RAN2 inform RAN1 of this observation as RAN1 is also considering options like increasing the size limit. For our current discussion, we propose to assume that there is no necessity to modify the random access procedure.
2. Notification during RRC Connection Request Different flavours could be considered for this alternative:
a. Re-using delayTolerantAccess establishment cause: The drawback is that LC MTC UEs and other UEs that might also use the same establishment cause would not be differentiated from each other (e.g. other category of UEs configured for dual priority or for NAS signalling low priority). In addition, the usage of this indication does not guarantee any access delays to the network in congestion situation (e.g. eNB could reject with an extended wait time to back off the UE for up to 30mins) which could be an aspect to consider based on the scenario described in RAN LC MTC TR [2]. Those scenarios look to handle certain delays although they might be shorter than the extreme ones targeted by the delayTolerantAccess cause. On the other hand, as it is explained in section 2.2 below, the requirements of this new UE category are also not yet fully clear (e.g. they might be the same as for legacy UEs or new 3GPP requirements might be needed). 
b. Adding a new RRC establishment cause value: (e.g. BW-limited value). Even though this alternative is possible, we are reluctant to use one of the spare values for this as this new value does not fulfil completely the original purpose of this IE which is to provide a reason to establish the RRC connection such as mo-Data, mt-Access or emergency.
c. Adding a new optional flag IE using the remaining bit available in the RRC Connection Request message: (e.g. new BW-limited IE). This option allows the network to differentiate the new UE category while maintaining the indication of the RRC establishment cause IE which reduces the impact on legacy procedures and keeps the flexibility of having LC MTC UEs to access the network as delay tolerant (delayTolerantAccess) or other access like normal data (mo-Data) based on their internal configuration. 
d. Adding a new flag IE using the critical extension of the RRC Connection Request message: This option is not optimum as it adds the most impact in the legacy RRC procedure (as different message structure needs to be defined) and potentially in higher layer (e.g. new RRC/NAS mapping definition might be needed). Therefore, the specification impact would be greater.
3. Notification during RRC Connection Setup Complete This solution is not optimum as network will not be able to apply congestion control mechanism (in case it is a desired requirement as already indicated) and will also need the eNB to assume that any UE is cat.0 for RRC Connection Setup/Reject (even for legacy UEs). However, if neither of the above solutions (1 or 2) is agreeable, this approach could still allow the network to differentiate this new UE category sooner. This method might be beneficial for the case in which the eNB needs to query the UE capability from the UE (e.g. upon attach) as this process might take longer time. 
Proposal 2: Discuss the need for the network to differentiate the new UE category before exchanging the UE radio capabilities. If RAN2 identifies its need, discuss the proposed solutions and inform RAN1 of their observations and preference as applicable.
2.2     Relation between LC MTC and other MTC devices
RAN LC MTC TR [2] in section 8 covers the aspect related to the LC MTC UE and indicates that this category is restricted to only low-cost MTC UEs, as follows: 

“This clause captures possible solutions to ensure by specification that the techniques discussed in clause 6 and adopted for low-cost MTC UEs are restricted to only low-cost MTC Ues with low data rate and/or high latency tolerance. This restriction is needed in order to ensure that the existing transmission and reception characteristics and performance requirements of non-MTC LTE Ues are not affected by the MTC-specific specification developments. Without this restriction, any simplification may be applied to non-MTC Ues”

RAN LC MTC TR [2] in section 10 also adds a reference to indicate that the binding mechanism is out of RAN scope:

“In addition, further study would be needed to enable the network to unambiguously bind UEs of the new UE category to only certain MTC-applicable services. Detailed mechanisms for such binding are out of scope of RAN”

On the other hand, Annex A of this TR [2] also describes different “Traffic model for MTC” with their characteristics (e.g. for regular and triggered reporting) and provides some target or desirable behaviours (e.g. latency from trigger to response or reporting situation). In addition, RAN1 also had an email discussion regarding the Guidance on delay tolerance level of MTC applications [9] however although additional delays can be accepted, RAN1 could not conclude in this aspect due to the trade-offs with battery consumption, system complexity, and spectrum efficiency.
For further progress in future discussions, RAN might need to also understand the relation between the new low cost UE category and other MTC application/services and therefore SA1 might need to be involved for clarification. For example, this new UE category might share the same characteristic as devices configured for low access priority (i.e. using the delay tolerant establishment cause) in which case they should tolerate longer backoff times [10].
“NOTE 1:  When a UE is configured for low access priority, then the UE may be subject for longer backoff timers at overload and consequently need to be designed to be tolerant to delays when accessing the network.”

Proposal 3: Send an LS to SA1 and CC RAN1 to ask for clarification on the relation between the new low cost UE category and other MTC application/services.

3      Conclusions and proposals
In this contribution, we discuss the open aspects regarding the new UE category/type for MTC operations and the summary observations and proposals are listed below:
Observation 1: A new category for LC MTC and a new type (i.e. feature/functionality) for enhanced coverage capability will be defined in LC MTC WI for Rel-12.

Observation 2: The new UE category is not backward compatible to legacy networks (Rel-8/9/10/11).

Observation 3: The new UE category should not impact the performance of legacy UEs.
Proposal 1: Send an LS to RAN1 to confirm that the new LC MTC UE category will not be backward compatible with the legacy network and to clarify that the new type reference for enhanced coverage is understood as a new feature or functionality of certain UEs (for LC MTC or other UEs).

Proposal 2: Discuss the need for the network to differentiate the new UE category before exchanging the UE radio capabilities. If RAN2 identifies its need, discuss the proposed solutions and inform RAN1 of their observations and preference as applicable.

Proposal 3: Send an LS to SA1 and CC RAN1 to ask for clarification on the relation between the new low cost UE category and other MTC application/services.
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Annex 1

Relevant references to the new LC MTC UE category from RAN LC MTC TR [2]
“8. Specification aspects to restrict techniques to only low performance MTC UE 

This clause captures possible solutions to ensure by specification that the techniques discussed in clause 6 and adopted  for low-cost MTC UEs are restricted to only low-cost MTC UEs with low data rate and/or high latency tolerance. This restriction is needed in order to ensure that the existing transmission and reception characteristics and performance requirements of non-MTC LTE UEs are not affected by the MTC-specific specification developments. Without this restriction, any simplification may be applied to non-MTC UEs.

8.1 Restricting the techniques to a new UE category

The aim of introducing a new MTC-specific UE category would be to restrict any adopted MTC-related low-cost technique affecting the UE and/or network performance to this new UE category only.
This solution makes sure the existing UE categories are not affected by the simplifications intended for low-cost MTC UEs, by: 

defining a new UE category specifically for low-cost MTC devices, and;

restricting any simplification technique affecting the UE and/or network performance to operate only with this UE category. 

This solution allows the network to identify the UEs which use simplifications affecting the UE or network performance, since the UE reports its category upon initial connection. 

This identification would, for example, enable the network to apply specific scheduling policies or specific service handling to these UEs, in order to limit their potential adverse impact on the network performance, or alternatively, it could be considered whether the network can decide to block the UEs from this UE category in case their subscription information does not match with MTC. 
/* OMITED TEXT */

9 Conclusions

/* OMITED TEXT */
In addition, it is recommended to introduce an MTC-specific UE category and to restrict any MTC-related low-cost adopted technique to this new UE category only, as described in subclause 8.1.”

Relevant references to the enhanced coverage capability from RAN LC MTC TR [2]
“9 Conclusions

/* OMITED TEXT */
Coverage improvement techniques that can improve coverage for delay tolerant MTC UE in FDD and TDD systems have been studied and link level solution(s) to improve coverage for various physical channels and signals have been analysed in clause 9 of this TR. For deployments where small cells are already deployed, an additional technique for coverage improvement based on UL/DL decoupling is studied in subclause 9.4.5 of this TR.”
