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Introduction
This contribution lists RAN1 agreements made for the Rel-16 WI on ‘Additional MTC Enhancements for LTE’ (WI code LTE_eMTC5-Core, WID in RP-181878) until and including the RAN1 meeting in October 2018.

Notes:
· The WI objective from the WID is inserted below for convenience.
· Beside agreements, the summary also lists submitted feature lead summaries for information.
· A WI work plan has been provided by the WI rapporteur in R1-1810184.
· RAN2 agreements are summarised in R2-1815744.

WI objective
Core part WI objective:

	The objective is to specify the following set of improvements for machine-type communications for BL/CE UEs.

Improved DL transmission efficiency and/or UE power consumption:
· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]
· [bookmark: _Hlk515907705]Specify quality report in MSG3 at least for EDT [RAN1, RAN2]
· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]
· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

Improved UL transmission efficiency and/or UE power consumption:
· [bookmark: _Hlk516687799][bookmark: _Hlk516765211]Specify support for transmission in preconfigured resources in idle and/or connected mode based on SC-FDMA waveform for UEs with a valid timing advance [RAN1, RAN2, RAN4]
· Both shared resources and dedicated resources can be discussed
· Note: This is limited to orthogonal (multi) access schemes

Scheduling enhancement:
· [bookmark: _Hlk516765510]Specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast [RAN1, RAN2]
· Enhancement of SPS can be discussed.

Extreme coverage for non-BL UEs:
· Specify CE mode A and B improvements for non-BL UEs from among the following list [RAN1, RAN2, RAN4]
· Enhancements to idle mode mobility
· UE demodulation performance requirements for 2 RX antennas and full duplex FDD
· Dual layer DL reception
· Feedback based on CSI-RS
· ETWS/CMAS in connected mode

Stand-alone deployment:
· Enable the use of LTE control channel region for DL transmission (MPDCCH/PDSCH) to BL/CE UEs [RAN1, RAN2, RAN4]
· This deployment mode should support legacy operation for legacy BL/CE UEs.

Mobility Enhancement:
· Consider improving the DL RSRP and, if needed, RSRQ measurement accuracy, through use of RSS [RAN1, RAN4, RAN2]
· Specify relaxation of RRM measurements for serving cell for UEs using WUS for at least low mobility UEs [RAN4, RAN2]
[bookmark: _Hlk516692042]
Coexistence with NR:
· Study NR and LTE specifications to identify possible issues related to coexistence of LTE-MTC with NR [RAN4, RAN1, RAN2]
[bookmark: _Hlk516676832]Note: Based on the outcome of the SA2 study, this WID may later be updated to include the RAN aspect of connection to 5G Core.



[bookmark: _GoBack]Performance part WI objective:

	Specify necessary performance requirements, measurement accuracy requirements and test cases related to the above-mentioned enhancements and core requirements.



UE-group wake-up signal
RAN1#94:

	R1-1809521	Summary of 6.2.1.1 UE group MWUS	Qualcomm

Agreement
UE-group WUSs are only multiplexed in the same NB as associated PO
· FFS TDM/FDM/CDM for UE-group MWUS multiplexing
 
Agreement
· UE-group MWUS is supported based on eNB’s and UE’s capability.
· Whether the network supports UE-group MWUS is done by higher layer signalling.
· FFS: The number of UE groups is configured by SIB.
· Note that the UE-group MWUS is UE optional

Agreement
Rel-16 UE-group MWUS sequence should consider at least
· Fallback to legacy UE behavior
· Inter-cell interference randomization
· UE group ID for different UE-group MWUS
· Reuse of Rel-15 sequences is not precluded
· Effect of sequence detection on UE complexity

Agreement
Study the RAN1 consequence of UE-grouping on the following basis:
· UE ID
· Coverage
· DRX/eDRX
· Gap configuration
· Services



RAN1#94bis:

	R1-1811658	Summary of 6.2.1.1 UE group MWUS	Qualcomm

Agreement
UE grouping is based on at least UE ID or some function of UE ID

Agreement 
The legacy UE should not be prevented from using legacy WUS even in the case of Rel-16 group WUS is enabled
· Performance impact on legacy WUS should be carefully considered

Agreement
Group WUS is based on at least legacy WUS and UE-group ID.

Agreement
Configuration of group WUS is at least signaled in SI

Agreement
A Rel-16 group WUS capable UE shall also be capable of Rel-15 legacy WUS



Support for transmission in preconfigured UL resources
RAN1#94:

	R1-1809528	LTE-M Preconfigured UL Resources Summary	Sierra Wireless

Agreement
Idle mode based pre-configured UL resources is supported for UEs in possession of a valid TA
· FFS: Validation mechanism for TA
· FFS: How the pre-configured UL resources is acquired

Agreement
For transmission in preconfigured UL resources, the UE may use the latest TA of which its validity can be confirmed

Agreement 
Study both shared and dedicated resource for preconfigured UL resources. If both shared and dedicated resources are supported, strive for commonality in design of both resource types.

Agreement
HARQ procedures for transmission in preconfigured UL resources should be studied and the following aspects should be considered: 
· Whether to support HARQ;
· If supported, details of HARQ design including the number of HARQ processes;
· Whether ACK/NACK is necessary
Fallback mechanisms should be considered, e.g. fallback to legacy RACH/EDT procedures.



RAN1#94bis:

	R1-1810491	LTE-M Preconfigured UL Resources Summary RAN1 #94-bis	Sierra Wireless, S.A.

Agreement
In idle mode, the UE will at least consider one or more of the following attributes when validating TA (combination of multiple attributes is allowed):
· Serving cell changes (serving cell refers the cell that the UE is camping on)
· Time Alignment Timer for idle mode 
· Serving cell RSRP changes (serving cell refers the cell that the UE is camping on)
· FFS Other attributes: 
· Neighbour cell RSRP change
· TDOA of >=2 eNBs 
· TA History
· Subscription based UE differentiation
· Others not precluded (for example, attributes that need to be considered for high mobility UEs)
Note that UE power consumption should be taken into account for the FFS attributes

Agreement
Dedicated preconfigured UL resource is defined as an PUSCH resource used by a single UE 
· PUSCH resource is time-frequency resource
· Dedicated PUR is contention-free 
Contention-free shared preconfigured UL resource (CFS PUR) is defined as an PUSCH resource simultaneously used by more than one UE
· PUSCH resource is at least time-frequency resource
· CFS PUR is contention-free 
Contention-based shared preconfigured UL resource (CBS PUR) is defined as an PUSCH resource simultaneously used by more than one UE
· PUSCH resource is at least time-frequency resource
· CBS PUR is contention-based (CBS PUR may require contention resolution)

Agreement 
In IDLE mode, HARQ is supported for transmission in dedicated PUR
· A single HARQ process is supported, 
· FFS whether more than one HARQ processes are supported
· FFS: The design of the corresponding MPDCCH search space

Agreement
In idle mode, dedicated PUR is supported.
· Support for CFS PUR is FFS.
· Support for CBS PUR is FFS.

Agreement 
For UL transmission in preconfigured resource, fallback mechanism to RACH/EDT procedures is supported.

Agreement
For transmission in preconfigured UL resources, an RRC idle UE may use the latest TA that passed the validation criteria

Agreement
Pre-configured UL resources for transmission of data are indicated by RRC signaling. At least UE-specific RRC signaling is supported.



[bookmark: _Toc525997467]Scheduling of multiple DL/UL transport blocks
RAN1#94:

	R1-1809562	Feature lead summary Scheduling of multiple DL UL transport blocks	Ericsson
R1-1809615	Updated Feature lead summary Scheduling of multiple DL UL transport 
	blocks 	Ericsson 

Agreement
Specify scheduling of multiple transport blocks for both CE Mode A and B

Agreement
The possibility of scheduling multiple DL/UL transport blocks is configured via RRC. Details TBD

Agreement
When scheduling of multiple TBs is enabled, the number of scheduled transport blocks (>= 1) should be dynamically selected via DCI. The maximum number of scheduled transport blocks with one single DCI is [TBD].
· The number of blind decodes for MPDCCH is not increased as a result of scheduling multiple TBs

Conclusion
When multiple TBs are scheduled by one DCI, study interleaving amongst TBs from different HARQ process in cases of repetitions
· Companies are encouraged to submit evaluation results in the next RAN1 meeting

Agreement
One DCI to schedule multiple TBs for SC-MCCH is not supported

Working assumption
For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process. 



RAN1#94bis:

	R1-1811693	Feature lead summary Scheduling of multiple DL UL transport blocks	Ericsson
R1-1811680	Updated Feature lead summary Scheduling of multiple DL UL transport	Ericsson

Agreement
Confirm the working assumption that
· For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process. 

Agreement
For CE mode A, the maximum number of scheduled transport blocks with one single DCI is [8] for CE mode A for UL.
For CE mode A, the maximum number of scheduled transport blocks with one single DCI is [8] for CE mode A for DL.

Agreement
The maximum number of scheduled transport blocks with one single DCI for CE mode A for either UL or DL is fixed to [8]

Working Assumption
For CE mode B, the maximum number of scheduled transport blocks with one single DCI is 4 in the UL, and 4 for the DL.

Agreement
The maximum number of scheduled transport blocks with one single DCI for CE mode B for either UL or DL is fixed to 4 (working assumption)

For further study until next meeting:
How to efficiently handle retransmissions when scheduling multiple DL/UL transport blocks.

Agreement
The UE should only monitor one DCI size in the UE specific search space

For further consideration:
Optimization of the DCI size and the impact of aspects including number of transport blocks, scheduling pattern (interleaving and scheduling gap), resource assignment, modulation and coding scheme, retransmissions.

Agreement
Using one DCI to schedule multiple TBs for SC-MTCH is supported, and it is configured and enabled per SC-MTCH via SC-PTM configuration message in SC-MCCH. FFS the maximum number of TBs can be scheduled by one DCI.

Agreement
For CE mode A, HARQ ACK/NACK feedback bundling or multiplexing on PUCCH can be enabled or disabled by [RRC and/or DCI], when multiple DL transport blocks are assigned by a single DCI. If the network does not enable it, each TB has its own separately encoded HARQ ACK/NACK feedback, i.e., no HARQ ACK/NACK feedback bundling or multiplexing. 
· RAN1 further compare the performance between HARQ ACK/NACK feedback bundling and multiplexing and down-select between the two options. 
For CE mode B, further study if there is a benefit for HARQ ACK/NACK feedback bundling or multiplexing on PUCCH. If there is a benefit identified, same configuration principle as CE mode A can be applied, i.e., this feature can be enabled or disabled by [RRC and/or DCI]. 



Coexistence of LTE-MTC with NR
RAN1#94:

	R1-1809564	Feature lead summary for Coexistence of LTE-MTC with NR	Ericsson

Observation
From RAN1 perspective, no issues were identified that would prevent the coexistence of NR and eMTC

Agreement
RAN1 studies additional specification enhancement for improving the performance of coexistence of eMTC with NR.



RAN1#94bis:

	R1-1811665	Feature lead summary for Coexistence of LTE-MTC with NR	Ericsson

For further study:
Until the next meeting, invite companies to evaluate the potential performance gains (e.g. in terms of reduced NR resource reservation) from performance improvements of subcarrier and resource block alignment to help determine whether the gains are significant enough to motivate the impacts.

For further study:
Until the next meeting, invite companies to evaluate the potential performance gains (e.g. in terms of reduced NR resource reservation) from performance improvements of resource configuration (e.g. reservation of LTE-MTC resources) to help determine whether the gains are significant enough to motivate the impacts.

Agreement
RAN1 clarifies that the enhancements introduced by the WI objective on usage of the LTE DL control channel region for MPDCCH/PDSCH transmissions to LTE-MTC UEs do not only apply to LTE-MTC stand-alone deployments but also to the case when LTE-MTC is deployed within an NR carrier.

For further study:
Until the next meeting, invite companies to evaluate the potential performance gains (e.g. in terms of reduced NR resource reservation) from performance improvements through CRS reduction to help determine whether the gains are significant enough to motivate the impacts.
· Also consider backwards compatibility aspects.

For further study:
Until the next meeting, invite companies to evaluate the potential performance gains (e.g. in terms of reduced NR resource reservation) from performance improvements of frequency hopping to help determine whether the gains are significant enough to motivate the impacts.
· Also consider backwards compatibility aspects.



Support of Quality report in Msg3
RAN1#94:

	R1-1809527	Feature summary of 6.2.1.5 Support of quality report in Msg3	Samsung	

Agreement
Prioritize the following alternatives for DL quality report in Msg3 in MTC, for CE Mode A and CE Mode B separately:
· CQI (for CE Mode A)
· Repetition number related to UE decoding of actual or hypothetical MPDCCH/PDSCH 
· FFS if aggregation level needs to be reported when repetition number equal to 1
· RSRP/RSRQ
Companies are encouraged to provide details and/or performance evaluation results

Agreement
Whether the DL quality report is included in Msg3 is indicated in SIB and/or RAR. 
Above applies in case the UE supports DL quality report in Msg3.



RAN1#94bis:

	R1-1811691	Feature summary of 6.2.1.5 Support of quality report in Msg3	Samsung

Agreement
For CE mode A (PRACH CE level 0, 1), the downlink channel quality is down-selected among the following in RAN1#95:
· CQI
· The repetition number and/or aggregation level that the UE needs to decode hypothetical MPDCCH with BLER of 1%
· Support both CQI and repetition number and/or aggregation level that the UE needs to decode hypothetical MPDCCH with BLER of 1%

Agreement
For CE Mode B, the downlink channel quality reported in Msg3 is denoted as the repetition number that the UE recommends to achieve a hypothetical MPDCCH decoding BLER of 1%

Agreement
CRS may be used as the reference signal for measurement of DL quality metric for measurement report in Msg3.

Agreement
Enabling of DL quality report is indicated in SIB.



MPDCCH performance improvement
RAN1#94:

	R1-1809570	Summary of MPDCCH performance improvement	Huawei, HiSilicon

Agreement
CRS for improving channel estimation on USS MPDCCH is supported

[bookmark: _Toc521455643]Agreement
The relation between the MPDCCH DMRS and CRS is defined for enabling improved channel estimation. FFS the details on specifying the relation (e.g., whether the ‘definition’ means predefined in specification or done by signalling, relation between the CRS ports and DMRS ports, power offset between DMRS-CRS). 

Agreement
eNB enables/disables “CRS for improving channel estimation on MPDCCH” via dedicated or broadcasted RRC signaling. FFS the details on the signaling.

Agreement 
CRS for improving channel estimation on Type0-MPDCCH CSS MPDCCH is supported.



RAN1#94bis:

	R1-1811682	Feature lead summary of MPDCCH performance improvement Huawei, HiSilicon

Agreement
CRS for improving channel estimation on MPDCCH in idle mode is supported. FFS the details.

Agreement 
For localized MPDCCH, the following mappings are supported between CRS and DMRS:
· Predefined mapping
· Mapping based on CSI report
FFS the details.

Agreement
For distributed MPDCCH, mapping between CRS and DMRS is defined in specifications. 
· FFS the details (e.g. number of PRBs over which mapping applies, fixed or configurable)

Agreement
Power offset between CRS and DMRS antenna ports of MPDCCH is signaled by eNB. FFS the signaling details (e.g. provisioning for default power offset value).



CE mode A and B improvements for non-BL UEs
RAN1#94:

	R1-1809534	Summary of CE mode A and B improvements for non-BL UEs	LG Electronics

Agreement
Study on the performance benefit of dual layer DL reception when it is supported for non-BL UEs in CE mode A. Companies are encouraged to submit evaluation results. 
· UE complexity should be also considered
· Prioritize SNR region relevant to CE mode A

Agreement 
Study on the performance benefit of CSI-RS based CSI feedback when it is supported for non-BL UEs in CE mode A.
· UE complexity should be also considered
· Prioritize SNR region relevant to CE mode A



RAN1#94bis:

	R1-1811666	Summary of CE mode A and B improvements for non-BL UEs	LG Electronics

Agreement 
Dual-layer transmission is not supported for non-BL UEs in CE mode B

Email discussion for evaluation parameters for dual layer transmission simulations 
· Until 22th of October (Changhwan Park, LGE)

Agreement 
CSI-RS based CSI feedback is not supported for non-BL UEs at least in CE mode B



Use of LTE Control Channel Region for DL Transmission
RAN1#94:

	R1-1809530	Use of LTE Control Channel Region for DL Transmission Summary	Nokia, Nokia Shanghai Bell

Agreement
FFS whether and for what broadcast transmission (e.g. SIBs, paging, SC-PTM, Msg2, etc) use of LTE control channel region for MPDCCH and PDSCH are applied 

Agreement
The following options can be considered for transmission of MPDCCH and PDSCH in LTE control channel region:
For MPDCCH
· Option 1: All or part of the MPDCCH are mapped into the DL control region.
· Option 2: MPDCCH are rate-matched to all OFDM symbols. FFS on RE mapping details.
For PDSCH
· Option A: All or part of the PDSCH are mapped into the DL control region.
· Option B: PDSCH are rate-matched to all OFDM symbols. FFS on RE mapping details.



RAN1#94bis:

	R1-1811695	Summary of Use of LTE Control Channel Region for DL Transmission	Nokia, Nokia Shanghai Bell

Agreement 
Support PDSCH broadcast transmission in LTE control channel region

Agreement
PDSCH are rate-matched in a backward compatible manner on all available OFDM symbols. FFS on RE mapping details.



Use of RSS for measurement improvements
RAN1#94:

	R1-1809503	Summary on the use of RSS for measurement improvements	Sony

Agreement
From RAN1 perspective, it is feasible to use RSS for measuring RSRP for cells at least for IDLE mode mobility
· RAN1 to identify the related parameters in the next RAN1 meeting



RAN1#94bis:

	R1-1811641	Summary on the use of RSS for measurement improvements	Sony

Agreement 
In using RSS for measuring RSRP of neighbour cells, the following parameters are signalled to the UE for each cell:
· ce-rss-periodicity-config: RSS periodicity {160, 320, 640, 1280} ms
· ce-rss-duration-config : RSS duration {8, 16, 32, 40} subframes
· ce-rss-freqPos-config: RSS frequency location (lowest physical resource block number)
· ce-rss-timeOffset-config: RSS time offset in number of radio frames
· ce-rss-powerBoost-config : RSS power offset relative to LTE CRS {0, 3, 4.8, 6} dB

Agreement
The parameters related in the use of RSS for measuring RSRP of cells are signalled in the SI.

Agreement
Send an LS to RAN4:
· Request to evaluate the benefits and feasilibity of using RSS for RSRP measurements compared to using LTE CRS
· For measurement purposes, assess the benefits and feasibility of linking RSS to CRS
LS is endorsed in R1-1811934




