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1 Introduction

In LS [1], RAN2 informs RAN1 of the following.
RAN 2 discussed at which point of time the Network should be aware of the MTC low complexity capability and took the following working assumption:

·      The UE does not indicate its low complexity capability in Msg1, Msg3 or Msg5 therefore It is only a part of the normal UE capabilities. This would mean that either the MME would provide the capability of the UE to the eNB over S1 interface or the eNB would ask the UE to provide its capability within UECapabilityEnquiry message after Msg5.
Question 1: RAN2 is not sure whether and why the eNB would need to know the 1 antenna restriction e.g. for scheduling Msg2 or Paging given that the eNB has no CQI feedback for accurate link adaptation and therefore RAN WG2 would kindly ask RAN WG1 if there are any reasons for the NW to know before MsG5 (RRC connection setup complete) about the UE capabilities of low complexity MTC device. 

For reference purposes only in this contribution, following the terminology agreed in RAN2, a UE of new category will be referred to as Cat.0 UE. This contribution considers whether the eNB needs to be informed of the new UE category and/or capabilities earlier than for Rel-11 UE categories.
2 Informing New UE Category and Rx Antenna Capability
It is necessary for an eNB to know the category of a UE in order, for example, to avoid scheduling a data TB size the UE cannot support or to be able to configure a proper transmission mode. For Cat.0 UEs, the only issue is whether this needs to be done differently/earlier than using RRC signaling during call setup as for other UE categories. In other words, the question is whether a Cat.0 UE should inform the eNB of its category in msg1 or in msg3 of the RACH process.
Informing an eNB of a UE Cat.0 by msg1 will require that separate RA preamble configurations are reserved for Cat.0 UEs. This will degrade RA preamble detection for legacy UEs (if RA preambles for legacy UEs and Cat.0 UE are orthogonal) but also for Cat.0 UEs (depending on the reserved configurations) as the total number of available RA preamble configurations will decrease. It will also complicate the eNB operation in case of non-orthogonal RA preamble configurations as the eNB will need to use additional means for determining a Cat.0 UE (respective feasibility and performance are unknown). Moreover, as reserved RA preamble configurations cannot be frequently changed, suboptimal distributions to legacy UEs and Cat.0 UEs can occur as the number of UEs that need to connect in a cell varies. More importantly, the maximum RAR TBS in Rel-11 is 2216 bits which is anyway supported by Cat.0 UEs (RA preamble ID, time alignment, UL grant, and TC-RNTI for about 17 UEs can be provided by a single RAR).
Informing an eNB of a UE Cat.0 by msg3, although simpler/easier to do than by msg1 (RA preamble), is also unnecessary as in practice msg4 has a small size (much smaller than 1000 bits) and there is no need to introduce MAC modifications [2]. 

The primary motivation for a Cat.0 UE to inform an eNB of its category using msg1 would have been in case of operation with a DL bandwidth smaller than the system bandwidth. Absence of this motivation removes any need for indicating the UE category prior to initial call setup.

Observation 1: Indicating a UE Category 0 by msg1 or msg3 is neither necessary nor beneficial. 

Another feature for which it was suggested it is beneficial for an eNB to know earlier for Cat.0 UEs than for legacy UEs is the UE 1 Rx antenna capability. A Cat.0 UE with 1 Rx antenna has about 4 dB worse BLER than a legacy UE. Then, if an eNB can identify a Cat.0 UE after detecting a respective msg1, it can adjust a transmission power of a respective RAR to compensate for the 4 dB BLER loss. Although there was no discussion of how this can be done, one identifiable option is (as it was previously described) by separating configurations of RA preambles for UEs with 1 Rx antenna and for UEs with 2 Rx antennas and having different respective RA-RNTIs (note that a Cat. 0 UE is not mandated to have 1 Rx antenna). 
The following are noted: 
a) Coverage is likely to be limited by PUSCH or by PDCCH if a DL DCI format other than DCI Format 1A is used – enhanced coverage for RAR if the UE cannot receive subsequent scheduling assignments or reliably transmit PUSCH may actually be counter-productive

b) RAR capacity limitations are more likely for the smaller system bandwidths as the reduced frequency diversity increases the BLER. However, for the smaller system bandwidths, a large number of UEs is not expected to simultaneously attempt random access, the RAR TBS is expected to be small, and this reduces BLER
c) RAR capacity limitations are more likely for stationary UEs experiencing a flat channel. However, such cases are associated with delay tolerant applications and a somewhat higher RAR BLER is not an issue for a few Cat.0 UEs having worst SINR
d) It is often likely that no Cat.0 UE with worst SINR attempts an initial RACH process in a subframe – in such cases, a separation of RA preamble configurations according to UE RX antenna capability is purely disadvantageous and the same holds if the RAR response is transmitted with larger power
e) Even if a network serving Cat.0 UEs wanted to enhance RAR coverage for Cat.0 UEs (msg4 TBS is very small and a network can know a Cat.0 UE Rx antenna capability after call setup), it can do by transmitting more RARs with smaller TBS (at the expense of minor additional PDCCH overhead) or by tolerating a larger RAR BLER for a small percentage of Cat.0 UEs with worst SINR
Observation 2: There is no need for a network to know the UE Rx capability for Category 0 UEs earlier than for other UE categories and, depending on how this information could be provided, the tradeoff can be negative.

Therefore, in response to the first question in [1], the answer can be that a network does not need to know before Msg5 (RRC connection setup complete) about the capabilities of Cat.0 UE. 

Proposal: For a new category UE, a network can be informed of the UE category and of the UE capabilities as for a UE of an existing category during call setup. 

3 Conclusions

This contribution considered whether an eNB needs to be informed of the new UE category and/or Rx capability earlier than for Rel-11 UE categories and, as a response to the LS in [1], proposes the following.
Proposal: For a new category UE, a network can be informed of the UE category and of the UE capabilities as for a UE of an existing category during call setup. 

References:

[1] R2-141825, “Resource allocation restriction and identification of low complexity MTC UEs”, RAN2
[2] R2-142465, “Impact of uplink TBS limitation of low cost MTC UE”, Samsung
PAGE  
1

