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Introduction
LTE Rel-13 introduced improved support for machine-type communications (MTC) in the form of bandwidth-reduced low-complexity and coverage enhanced (BL/CE) UEs. One objective of the Rel-14 WI on Further Enhanced MTC [1] is to specify the following improvements for higher data rate support for BL/CE UEs:
· Larger max. PDSCH/PUSCH channel bandwidth in connected mode at least in CE mode A in order to enhance support e.g. voice and audio streaming or other applications and scenarios
· Larger maximum TBS
· Specify HARQ-ACK bundling in CE mode A in HD-FDD
· Up to 10 DL HARQ processes in CE mode A in FD-FDD
Higher data rate support has been discussed in RAN1 and considerable progress was made in RAN1#86 and RAN1#86bis. All the agreements made in RAN1 up until now can be found in the FeMTC RAN1 agreement summary document [2].
[bookmark: _Ref178064866]In this contribution we discuss the higher data rate objective from a RAN2 perspective. In particular, we look at the UE capability signalling and activation of sub-features using RRC re-configuration.
Discussion
UE capabilities
Larger max PDSCH/PUSCH channel bandwidth
UE category M1 (Cat-M1) introduced in Rel-13 has a maximum DL/UL channel bandwidth of 1.4MHz, contrary to earlier LTE UE categories which have a maximum channel bandwidth spanning the entire LTE system bandwidth. 
To support new use cases requiring higher data rate, RAN1 has agreed to increase the maximum PDSCH/PUSCH channel bandwidth in connected mode to 5 MHz for Rel-14 BL UEs [2]. We expect that a new UE category (“Cat-M2”) is introduced for 5 MHz Rel-14 BL UEs.
[bookmark: _Toc458772153][bookmark: _Toc458772189][bookmark: _Toc458772257][bookmark: _Toc458792109][bookmark: _Toc458801522][bookmark: _Toc458801835][bookmark: _Toc458801880][bookmark: _Toc458804817][bookmark: _Toc458812702][bookmark: _Toc458812827][bookmark: _Toc465322626][bookmark: _Toc465325010][bookmark: _Toc465352750][bookmark: _Toc465406871][bookmark: _Toc465406897][bookmark: _Toc465763869][bookmark: _Toc465777633][bookmark: _Toc465777641][bookmark: _Toc465851109][bookmark: _Toc465856844][bookmark: _Toc465859648][bookmark: _Toc465859656][bookmark: _Toc465859664][bookmark: _Toc465859672][bookmark: _Toc466040360][bookmark: _Toc466040450]Introduce a new UL/DL UE category (“Cat-M2”) for Rel-14 BL UEs supporting 5 MHz PDSCH/PUSCH channel bandwidth.
RAN1 has also agreed that non-BL UEs (i.e. Cat-0 and higher) operating in CE will be able to support 5 or 20 MHz PDSCH/PUSCH channel bandwidth [2]. To be able to determine which one these channel bandwidths a non-BL UE supports, a new UE capability is required.
[bookmark: _Toc465322627][bookmark: _Toc465325011][bookmark: _Toc465352751][bookmark: _Toc465406872][bookmark: _Toc465406898][bookmark: _Toc465763870][bookmark: _Toc465777634][bookmark: _Toc465777642][bookmark: _Toc465851110][bookmark: _Toc465856845][bookmark: _Toc465859649][bookmark: _Toc465859657][bookmark: _Toc465859665][bookmark: _Toc465859673][bookmark: _Toc466040361][bookmark: _Toc466040451]Introduce a new UE capability to indicate the supported maximum PDSCH/PUSCH channel bandwidth (5 or 20 MHz) for non-BL UEs operating in CE.
For PDSCH the wider bandwidth operation is supported both in CE mode A and B, whereas for PUSCH the wider bandwidth operation is only supported in CE mode A [2].
Larger max TBS for DL/UL unicast
[bookmark: _Toc458772158][bookmark: _Toc458772194]Cat-M1 has a max transport block size (TBS) of 1000 bits for DL/UL unicast transmissions as well as for DL broadcast transmissions for system information, etc.
RAN1 has agreed to increase the maximum TBS for DL/UL unicast transmissions to 4008 bits for 5 MHz Rel-14 BL UEs [2]. For simplicity reasons we expect a Rel-14 BL UEs that supports 5 MHz operation also supports the larger maximum TBS.
[bookmark: _Toc465322628][bookmark: _Toc465325012][bookmark: _Toc465352752][bookmark: _Toc465406873][bookmark: _Toc465406899][bookmark: _Toc465763871][bookmark: _Toc465777635][bookmark: _Toc465777643][bookmark: _Toc465851111][bookmark: _Toc465856846][bookmark: _Toc465859650][bookmark: _Toc465859658][bookmark: _Toc465859666][bookmark: _Toc465859674][bookmark: _Toc466040362][bookmark: _Toc466040452]A Cat-M2 UE that supports 5 MHz channel bandwidth also supports the larger maximum TBS of 4008 bits.
RAN1 has also agreed to increase the maximum UL TBS to 2984 bits for a Rel-14 BL UE with 1.4 MHz channel bandwidth [2]. There are two options for indicating the larger UL TBS support to the network:
· A new UE capability for Cat-M1 is introduced to indicate support of the larger UL TBS
· A new UL UE category (“Cat-M3”) is introduced for 1.4 MHz Rel-14 BL UE supporting the larger UL TBS

In the past, the general principle has been to introduce a new UE category when any of the physical layer parameter values is updated. Thus we propose to adopt the second option:
[bookmark: _Toc465322630][bookmark: _Toc465325013][bookmark: _Toc465352753][bookmark: _Toc465406874][bookmark: _Toc465406900][bookmark: _Toc465763872][bookmark: _Toc465777636][bookmark: _Toc465777644][bookmark: _Toc465851112][bookmark: _Toc465856847][bookmark: _Toc465859651][bookmark: _Toc465859659][bookmark: _Toc465859667][bookmark: _Toc465859675][bookmark: _Toc466040363][bookmark: _Toc466040453]Introduce a new UL UE category (“Cat-M3”) for 1.4 MHz Rel-14 BL UE supporting the larger UL TBS of 2984 bits.

HARQ-ACK bundling
[bookmark: _Toc458772168][bookmark: _Toc458772204]A half-duplex FDD (HD-FDD) UE is not required to transmit and receive at the same time. In a scenario where eNB schedules DL data transmissions to a HD-FDD UE, the throughput is limited because each UL subframe can only carry HARQ-ACK feedback for a single DL HARQ (re-)transmission.
To improve throughput in HD-FDD, RAN1 has agreed to support HARQ-ACK bundling in CE mode A for HD-FDD UEs [2]. Whether HARQ-ACK bundling will also be supported for full-duplex (FD-FDD) UEs is still being considered.
We expect support of HARQ-ACK bundling will not be limited to Cat-M2 and Rel-14 non-BL UEs but can also be supported by Cat-M1 UEs. For Cat-M2 UEs and Rel-14 non-BL UEs supporting wider bandwidth operation it remains TBD whether support of HARQ-ACK bundling is mandatory or optional.
[bookmark: _Toc465777637][bookmark: _Toc465777645][bookmark: _Toc465851113][bookmark: _Toc465856848][bookmark: _Toc465859652][bookmark: _Toc465859660][bookmark: _Toc465859668][bookmark: _Toc465859676][bookmark: _Toc466040364][bookmark: _Toc466040454]Introduce a new UE capability to indicate support of HARQ-ACK bundling in CE mode A.
Support of 10 DL HARQ processes
[bookmark: _Toc458772163][bookmark: _Toc458772199][bookmark: _Toc465325015]Rel-13 BL/CE UEs support up to 8 DL HARQ processes in half-duplex FDD (HD-FDD) and full-duplex FDD (FD-FDD). However, the cross-subframe DL scheduling for BL/CE UEs means that a DL data transmission is not transmitted in the same subframe as its associated DL resource assignment but 2 subframes later and this results in a minimum DL HARQ round-trip time (RTT) of 8+2=10 ms.
[bookmark: _Toc458772164][bookmark: _Toc458772200]For FD-FDD UEs in good DL coverage conditions, when MPDCCH/PDSCH transmissions are scheduled without subframe repetition, this means that we run out of DL HARQ processes quickly. We would need 10 DL HARQ processes but we only have 8 DL HARQ processes. To support continuous DL data transmission for Rel-14 BL/CE UEs in CE mode A, RAN1 has therefore agreed to increase the number of DL HARQ processes from 8 to 10 [2]. Although the feature mainly benefits FD-FDD UEs it is also supported for HD-FDD UEs.
We expect support of 10 DL HARQ processes will not be limited to Cat-M2 and Rel-14 non-BL UEs but can also be supported by Cat-M1 UEs. For Cat-M2 UEs and Rel-14 non-BL UEs supporting wider bandwidth operation it remains TBD whether support of 10 DL HARQ processes is mandatory or optional.
[bookmark: _Toc465777638][bookmark: _Toc465777646][bookmark: _Toc465851114][bookmark: _Toc465856849][bookmark: _Toc465859653][bookmark: _Toc465859661][bookmark: _Toc465859669][bookmark: _Toc465859677][bookmark: _Toc466040365][bookmark: _Toc466040455]Introduce a new UE capability to indicate the support of 10 DL HARQ processes in CE mode A.

UE configuration
The different sub-features that we are considering and which can be enabled by the eNB are the following:
· Larger bandwidth operation (5 MHz for BL UEs and 5 or 20 MHz for non-BL UEs)
· Larger maximum UL TBS for 1.4-MHz operation
· Larger maximum DL/UL TBS for 5-MHz and 20-MHz operation
· HARQ-ACK bundling
· 10 DL HARQ processes
The UE capability information, which indicates which of the sub-features above the UE supports, is reported during the initial attach procedure (in response to UE capability enquiry) and stored in the MME. The stored information is then transferred to the eNB after RRC connection establishment when the S1 connection is established. Once the UE capabilities are known the sub-features can be enabled by the eNB.
[bookmark: _Toc462660646][bookmark: _Toc462668016][bookmark: _Toc462668418][bookmark: _Toc462668771][bookmark: _Toc463021166][bookmark: _Toc463021185][bookmark: _Toc465322623][bookmark: _Toc465325006][bookmark: _Toc465352748][bookmark: _Toc465406869][bookmark: _Toc465763867][bookmark: _Toc465777630][bookmark: _Toc465851106][bookmark: _Toc465856841][bookmark: _Toc466040357]Until the UE capabilities are known the eNB considers the UE to be a Cat-M1 UE.
It is expected that all sub-features will be enabled by RRC re-configuration[footnoteRef:1]. The re-configuration is required for the UE to be able to decode and parse the new DCI formats, and potentially also for other things such as CSI reporting and SRS configuration. The details of the parameters included in the RRC re-configuration message is for further study.  [1:  In RAN1#86bis it was agreed that HARQ-ACK bundling and 10 DL HARQ processes are enabled using RRC re-configuration. How larger bandwidth operation and TBS are enabled was left FFS. However, based on the discussion in RAN1#86 it appears likely that also these sub-features will require RRC re-configuration.] 

[bookmark: _Toc465352756][bookmark: _Toc465406877][bookmark: _Toc465406903][bookmark: _Toc465763875][bookmark: _Toc465777639][bookmark: _Toc465777647][bookmark: _Toc465851115][bookmark: _Toc465856850][bookmark: _Toc465859654][bookmark: _Toc465859662][bookmark: _Toc465859670][bookmark: _Toc465859678][bookmark: _Toc466040366][bookmark: _Toc466040456]The eNB enables the higher data rates sub-features using RRC re-configuration. 
The figure below illustrates how the sub-features are enabled by the eNB at RRC connection establishment. The sub-features are enabled after step 11, i.e. after the UE has confirmed that the re-configuration was successful.



In case the eNB does not understand the new UE category or new UE capabilities it should fallback to Rel-13 behavior, i.e. the UE will be treated as Rel-13 BL/CE UE. This requires that a Cat-M2 UE indicates Cat-M1 as its legacy (Rel-13) UE category.
[bookmark: _Toc465406878][bookmark: _Toc465406904][bookmark: _Toc465763876][bookmark: _Toc465777640][bookmark: _Toc465777648][bookmark: _Toc465851116][bookmark: _Toc465856851][bookmark: _Toc465859655][bookmark: _Toc465859663][bookmark: _Toc465859671][bookmark: _Toc465859679][bookmark: _Toc466040367][bookmark: _Toc466040457]A Cat-M2 UE indicates Cat-M1 as its legacy (Rel-13) UE category

In case of handover the UE capability information is transferred from the source eNB to the target eNB during the handover preparation phase. If the target eNB does not support the higher data rate features it can disable these in the handover command, if needed. The handover command is prepared by the target eNB and forwarded transparently to the UE by the source eNB during the handover execution phase.
[bookmark: _Toc465406870][bookmark: _Toc465763868][bookmark: _Toc465777631][bookmark: _Toc465851107][bookmark: _Toc465856842][bookmark: _Toc466040358]In case of handover, the target eNB can disable or enable the higher data rates sub-features in the handover command.
Another issue to consider is the expected UE behavior during random access in connected mode. If the random access is contention based (e.g. triggered by SR), the eNB will not be able to distinguish the UE from a Rel-13 BL/CE UE until the C-RNTI is received in msg3. Thus, msg1 to msg3 must be scheduled and transmitted in the same way as for a Rel-13 BL/CE UE. This means that the higher data rate features would be temporarily disabled during msg1 - msg3 and then re-enabled after the reception of msg3. On the other hand, if the random access is contention free (i.e. triggered by a PDCCH order or handover command) the eNB would be able to distinguish the UE already from the preamble transmission. However, since msg2 (i.e. the Random Access Response (RAR)) is sent on CCCH and may be common to many UEs, the higher data rate features must still be de-activated during the transmission of this message. 
[bookmark: _Toc465777632][bookmark: _Toc465851108][bookmark: _Toc465856843][bookmark: _Toc466040359]For random access triggered in connected mode, the higher data rate features are temporarily de-activated during msg1-msg3 or msg1-msg2 depending on if the random access is contention based or contention free.
Conclusion
In this contribution we discussed the RAN2 impact from the Rel-14 FeMTC higher data rate objective. In section 2 we made the following observations:
Observation 1	Until the UE capabilities are known the eNB considers the UE to be a Cat-M1 UE.
Observation 2	In case of handover, the target eNB can disable or enable the higher data rates sub-features in the handover command.
Observation 3	For random access triggered in connected mode, the higher data rate features are temporarily de-activated during msg1-msg3 or msg1-msg2 depending on if the random access is contention based or contention free.

Based on the discussion in section 2 we propose the following:
[bookmark: _GoBack]Proposal 1	Introduce a new UL/DL UE category (“Cat-M2”) for Rel-14 BL UEs supporting 5 MHz PDSCH/PUSCH channel bandwidth.
Proposal 2	Introduce a new UE capability to indicate the supported maximum PDSCH/PUSCH channel bandwidth (5 or 20 MHz) for non-BL UEs operating in CE.
Proposal 3	A Cat-M2 UE that supports 5 MHz channel bandwidth also supports the larger maximum TBS of 4008 bits.
Proposal 4	Introduce a new UL UE category (“Cat-M3”) for 1.4 MHz Rel-14 BL UE supporting the larger UL TBS of 2984 bits.
Proposal 5	Introduce a new UE capability to indicate support of HARQ-ACK bundling in CE mode A.
Proposal 6	Introduce a new UE capability to indicate the support of 10 DL HARQ processes in CE mode A.
Proposal 7	The eNB enables the higher data rates sub-features using RRC re-configuration.
Proposal 8	A Cat-M2 UE indicates Cat-M1 as its legacy (Rel-13) UE category

Draft CR to 36.306 is provided in R2-167618.

[bookmark: _In-sequence_SDU_delivery]References
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