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Introduction

This contribution lists RAN1/2/3/4 agreements made for Rel-15 Even further enhanced MTC for LTE (WI code LTE_eMTC4, WID in RP-172811) until after the RAN1/2/3/4 meetings in February/March 2018.

Some agreements have been combined or edited for better readability. Suggestions regarding where in the RAN1 specifications to implement agreements are indicated using [red text in square brackets]. Note that this document is just an interpretation of the agreements, i.e. this document does in no way override the official meeting minutes.
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RAN agreements
RAN#78 approved a revised WID in RP-172811 with the following core part WI objective:
	The objective is to specify the following improvements for machine-type communications for BL/CE UEs.

New requirements:

· Support higher UE velocity [RAN4 lead, RAN2]
· Specify support in CE mode A for higher velocities (e.g. [200] km/h) without physical layer changes.

· Lower UE power class [RAN4 lead, RAN2]
· Evaluate and, if appropriate, specify new UE power class(es) and signaling support without physical layer changes, to support lower maximum transmit power with appropriate MCL relaxations.

· New gaps for dense PRS configurations [RAN4 lead, RAN2]
· Evaluate and, if appropriate, specify new gaps taking into account periodicity and PRS occasion length of dense PRS configuration.

Improved latency:

· Reduced system acquisition time [RAN1 lead, RAN2, RAN4]
· Improved cell search and/or system information (including MIB and SIB1-BR) acquisition performance

· Support early data transmission [RAN2 lead, RAN1, RAN3]
· Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure (after PRACH transmission and before the RRC connection setup is completed) at least in the RRC Suspend/Resume case.

Improved power consumption:

· Power consumption reduction for physical channels [RAN1 lead, RAN2, RAN4]
· Study and, if found beneficial for idle mode paging and/or connected mode DRX, specify physical signal/channel that can be efficiently decoded or detected prior to decoding the physical downlink control/data channel.

· Study and, if found beneficial for connected mode, specify physical signal/channel/DCI for HARQ-ACK feedback in DL for data transmission in UL.
· Relaxed monitoring for cell reselection [RAN2 lead, RAN4]
· Enable relaxed UE monitoring for cell (re)selection e.g. by (re)configuration.

Improved spectral efficiency:

· Introduce capability signaling for support for CRS muting outside BL UE narrowband/wideband [RAN1 lead, RAN2, RAN4]
· Enable BL UE to optionally indicate that it does not rely on CRS outside its narrowband/wideband +/- X PRBs, where X is determined by RAN1 and RAN4.

· Increased PDSCH spectral efficiency [RAN1 lead, RAN2, RAN4]
· Specify optional support for 64QAM for unicast PDSCH (no UE peak rate increase is intended).

· Introduce support for more flexible starting PRB for PDSCH resource allocation in connected mode at least for UE operating in CE mode A/B configured with 1.4 MHz max PDSCH channel bandwidth.

· Increased PUSCH spectral efficiency [RAN1 lead, RAN2, RAN4]
· E.g. sub-PRB resource allocation, with no less than 3 subcarriers within a sub-PRB allocation.

· Introduce support for more flexible starting PRB for PUSCH resource allocation in connected mode at least for UE operating in CE mode A/B configured with 1.4 MHz max PUSCH channel bandwidth.

Improved load control:

· Improved access/load control of idle mode UEs [RAN2 lead]
· E.g. CE-level-based access class barring

It is out of scope of the Rel-15 eMTC WID to introduce an eMTC capable only UE category with a maximum supported channel bandwidth of less than 6 PRB in UL and DL.



and the following performance part WI objective:

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


1
RAN1 agreements

1.1
Reduced system acquisition time
RAN1#88bis discussed reduced system acquisition time and made the following agreements:

· Techniques for system acquisition time reduction to be considered:

· PSS/SSS
· Enhanced (e.g. repeated) PSS/SSS based on PSS/SSS or NPSS/NSSS design
· Use of NPSS/NSSS on NB-IoT anchor carrier

· PBCH

· Enhanced (e.g. repeated) PBCH based on PBCH or NPBCH design

· Use of NPBCH on NB-IoT anchor carrier

· Combining across 40-ms PBCH periods (unless already part of Rel-14 demodulation requirements)

· New mechanism allowing to skip MIB message reading

· SIB1-BR

· Additional repetitions of SIB1-BR

· Accumulation across SIB1-BR modification periods (unless already part of Rel-14 demodulation requirements)

· New mechanism allowing to skip SIB1-BR reading

· E.g. SI update indication or other indication in MIB or another channel

· SI messages

· Additional repetitions of SI messages

· New mechanism allowing to skip SI message reading
· E.g. SI update indication or other indication in MIB or another channel

· The simulation assumptions and metrics in R1-1706583 are agreed.
RAN1#89 discussed reduced system acquisition time and made the following agreements:

· In addition to the techniques for system acquisition time reduction agreed to be considered in RAN1#88bis, the following technique can be considered:

· SI messages

· Accumulation across SI modification periods

· An LS was sent to RAN2 and RAN4 in R1-1709834.
RAN1#90bis discussed reduced system acquisition time and made the following agreements:

· Additional assumptions that can be used for evaluation of improved cell search and/or system information acquisition performance for UEs with apriori information (on top of the assumptions for evaluation of reduced system acquisition time already agreed in R1-1706583):
· Carrier and cell are assumed to be known to the UE.

· The system information is assumed to be unchanged.

· UE power consumption model from the power saving signal evaluation assumptions in R1-1714992
· RTC timing drift model from the power saving signal evaluation assumptions in R1-1714992
· Scenarios B and C from the power saving signal evaluation assumptions in R1-1714992
· Further scenario D: 4-hour Power Saving Mode (PSM)

· Additional evaluation metrics that should be reported if the proponent of a proposed solution think they are relevant and significantly impacted by the proposed solution (on top of the metrics listed in R1-1706583):
· Performance impact on legacy UEs

· UE power consumption impact

· Inter-cell interference sensitivity

· Additional assumptions that are used in the evaluation should be declared.
RAN1#91 discussed reduced system acquisition time and made the following agreements:

· In evaluating improved cell search and/or system information acquisition performance for UEs with apriori information, the following are considered based on the agreed scenarios (B, C, and D)

· Synchronization signal 

· Periodicity, duration, power boosting, bandwidth, and resource usage

· UE complexity impact, UE memory, and DSP complexity

· Combining of synchronization signals
RAN1#92 discussed new periodic sync signal and wake-up signaling (jointly with NB-IoT) and made the following agreements (also listed in the next section):
· Working assumption:

· On NB-IoT WUS:

· For UE operating WUS, UE is allowed to relax RRM measurements, at least for low mobility UEs, to once every N DRX cycles, where N is FFS

· The RRM measurement relaxation is enabled/disabled by the network.

· WUS can still be enabled by the network when the RRM measurement relaxation is disabled.

· Note: This does not imply any change in the random access procedure / power control / CE level selection, nor relaxations in the requirements related to the random access procedure.

· WUS provides sync of up to the timing/frequency offset resulting from not synchronizing for N DRX cycles

· FFS for eDRX case

· FFS whether N depends on the length of PTW.

· For 164dB MCL, there is a WUS configuration that enables sync for at least a value of N>1 for at least the smallest DRX cycle.

· FFS for other DRX cycles and values of N

· FFS whether N is fixed, configurable, or depends on the DRX cycle

· On eMTC WUS/sync:

· For eMTC, a new periodic synchronization signal is introduced.

· The new periodic sync signal is configurable (including OFF/ON configuration)

· FFS on the functionality/information provided by the synchronization signal, including 

· whether the additional synchronization signal can provide WUS-related information for a subset or a group of POs

· In case the additional synchronization signal provides WUS-related information, FFS whether there is an additional WUS/DTX signal, which may be separately configured.

· In case the additional synchronization signal does not provides WUS-related information, there is an additional WUS/DTX signal

· System information change notification

· FFS on location of the sync signal

· The new synchronization signal can be used also for non-WUS purposes (e.g. by UEs that need to synchronize after exiting PSM state)

· FFS whether the “new sync signal” can reuse the NB-IoT WUS sequence or a different sequence.

· RAN1 sent an LS to RAN4 (cc RAN2) in R1-1803150
· RAN1 agreed that if RAN4 confirms the feasibility of RRM measurement relaxation in the part on NB-IoT WUS in the LS to RAN4, the whole working assumption above (on NB-IoT WUS and eMTC WUS/sync) is automatically confirmed.

RAN1#92 discussed further aspects of reduced system acquisition time and made the following agreements:
· The new periodic synchronization signal has the following characteristics:

· The new periodic synchronization signal can be used for re-synchronization

· One (or more) complex valued base sequence(s) Si spanning at least one symbol

· FFS: New synchronization signal may include a cover code that may be applied to the repetitions.
· Candidate operations for the cover code include 

· Multiplication with {+1, -1}, i.e. {Si, -Si}

· Multiplication with {1, e-ja}

· Complex conjugation, i.e. {Si, Si*}

· Other operations are not precluded.

· For further study: 

· Base sequence selection

· New synchronization signal bandwidth

· Information content and provision (if any)

· Configurability 

· Time and frequency domain location 

· Diversity schemes (if any)
· For PBCH:

· Do not introduce new PBCH repetitions.

· For SI update indication:

· RAN1 assumes SI update indication in DCI format 6-2 is up to RAN2.

· RAN1 sent an LS to RAN2 in R1-1803519 recommending RAN2 to study mechanisms for skipping MIB decoding.

1.2
Downlink control channel power efficiency (wake-up signalling)
RAN1#88bis discussed downlink control channel power efficiency and made the following agreements:

· Techniques to be evaluated:

· Wake-up signal/channel (either relying or not relying on DL synchronization)

· Go-to-sleep signal/channel (either relying or not relying on DL synchronization)

· Compact DCI

· Reduced-bandwidth MPDCCH

· Dynamic USS periodicity

· The simulation assumptions and metrics in R1-1706704 are agreed.
RAN1#89 discussed downlink control channel power efficiency and made the following agreements:

· A physical signal/channel indicating whether the UE needs to decode subsequent physical channel(s) is introduced, at least for idle mode paging. Candidates for the signal/channel are:

· Wake-up signal or DTX

· Go-to-sleep signal or DTX

· Wake-up signal with no DTX

· Downlink control information

· FFS whether synchronization to the camped-on cell is assumed for detecting/decoding WUS/GTS, depending on the (e)DRX cycle length

· Design details are FFS

· Connected mode DRX is FFS
· The impact of the physical signal/channel, on Idle mode physical layer paging performance (missed paging detection and paging reception latency) should be studied and reported with the physical signal/channel design.

· The current paging mechanism is used as the baseline for evaluation.
RAN1#90 discussed downlink channel power efficiency and made the following agreements:

· Working assumption:
· For idle mode,
· In specifying a power saving physical signal to indicate whether the UE needs to decode subsequent physical channel(s) for idle mode paging, select a candidate among the following power saving physical signals:
· Wake-up signal or DTX
· Wake-up signal with no DTX
· FFS:
· Information conveyed by the physical signal
· Design of the physical signal
· Email discussion (covering LTE-MTC and NB-IoT) on evaluation assumptions
· As a result of the email discussion, assumptions in R1-1714992 (for LTE-MTC) and R1-1714993 (for NB-IoT) were agreed, and the following was agreed (for LTE-MTC):
· For idle mode, 
· The power saving signal in a cell supports being applied to FFS between: 
· (a): All the UEs associated to a PO in the cell
· (b): A group of more than one of the UEs associated to a PO in the cell
· Both (a) and (b)
· How many POs the power saving signal applies to from the UE perspective is FFS between 
· A single PO only
· One or more than one PO (details are FFS)
· How many POs the power saving signal applies to from the eNB perspective is FFS between 
· A single PO only 
· One or more than one PO (details are FFS)
RAN1#90bis discussed downlink channel power efficiency and made the following agreements:

· Working assumption:

· For idle mode,

· In specifying a power saving physical signal to indicate whether the UE needs to decode subsequent physical channel(s) for idle mode paging, select a candidate among the following power saving physical signals:
· ‘Wake-up signal or DTX’ with new periodic sync signal
· ‘Wake-up signal or DTX’ without new periodic sync signal
· Study till the next meeting how to ensure sufficient sync performance.
· Consider potential synergies with the WI objective on Reduced system acquisition time.
· Consider impacts from mobility.
· An LS (covering LTE-MTC and NB-IoT) was sent to RAN2 in R1-1719207 capturing the above agreements and asking RAN2 to provide input on the feasibility of UE groups for WUS and the feasibility of WUS applying to more than one PO in a PTW for eDRX case for BL/CE UEs
RAN1#91 discussed downlink channel power efficiency and made the following agreements:

· At least in a UE’s DRX cycle, one WUS informs UE whether to monitor the PO in a single DRX cycle

· Working assumption: At least in a UE’s DRX cycle, how the UE knows the WUS time location, is:
· A WUS has a time location which is configurable with respect to the associated PO(s) location(s)

· There is at least one WUS parameter determined by at least SI for at least IDLE_MODE UE.

· The [maximum] WUS length in a cell is configurable

· Further study the benefits of potential diversity methods in WUS design

· Further study the benefits of potential inter-cell interference randomization methods in WUS design

· An LS capturing the above agreements was sent to RAN2 in R1-1721282
RAN1#92 discussed new periodic sync signal and wake-up signaling (jointly with NB-IoT) and made the following agreements (also listed in the previous section):
· Working assumption:

· On NB-IoT WUS:

· For UE operating WUS, UE is allowed to relax RRM measurements, at least for low mobility UEs, to once every N DRX cycles, where N is FFS

· The RRM measurement relaxation is enabled/disabled by the network.

· WUS can still be enabled by the network when the RRM measurement relaxation is disabled.

· Note: This does not imply any change in the random access procedure / power control / CE level selection, nor relaxations in the requirements related to the random access procedure.

· WUS provides sync of up to the timing/frequency offset resulting from not synchronizing for N DRX cycles

· FFS for eDRX case

· FFS whether N depends on the length of PTW.

· For 164dB MCL, there is a WUS configuration that enables sync for at least a value of N>1 for at least the smallest DRX cycle.

· FFS for other DRX cycles and values of N

· FFS whether N is fixed, configurable, or depends on the DRX cycle

· On eMTC WUS/sync:

· For eMTC, a new periodic synchronization signal is introduced.

· The new periodic sync signal is configurable (including OFF/ON configuration)

· FFS on the functionality/information provided by the synchronization signal, including 

· whether the additional synchronization signal can provide WUS-related information for a subset or a group of POs

· In case the additional synchronization signal provides WUS-related information, FFS whether there is an additional WUS/DTX signal, which may be separately configured.

· In case the additional synchronization signal does not provides WUS-related information, there is an additional WUS/DTX signal

· System information change notification

· FFS on location of the sync signal

· The new synchronization signal can be used also for non-WUS purposes (e.g. by UEs that need to synchronize after exiting PSM state)

· FFS whether the “new sync signal” can reuse the NB-IoT WUS sequence or a different sequence.

· RAN1 sent an LS to RAN4 (cc RAN2) in R1-1803150
· RAN1 agreed that if RAN4 confirms the feasibility of RRM measurement relaxation in the part on NB-IoT WUS in the LS to RAN4, the whole working assumption above (on NB-IoT WUS and eMTC WUS/sync) is automatically confirmed.

RAN1#92 discussed further aspects of the wake-up signaling and made the following agreements:
· UE can assume all the REs for transmission of WUS in a given subframe use the same antenna port.

· The UE shall not assume the transmission of WUS in more than X consecutive subframes use same antenna port.

· FFS: value of X
· Confirm WA for eMTC and NB-IoT

· At least in a UE’s DRX cycle, how the UE knows the WUS time location, is: A WUS has a time location which is configurable with respect to the associated PO(s) location(s)
· The network can enable or disable use of the WUS 

· How UE acquires information on WUS enabling/disabling is up to RAN2 decision
· The maximum duration of WUS is cell-specifically configured in SIB as one value from a list.

· The list used for configuring maximum duration of WUS at least depends on Rmax associated type 1 CSS, and FFS the number and exact values of the scaling factors between maximum duration of WUS and Rmax associated type 1 CSS

· WUS actual transmission duration can be shorter than the configured maximum duration of WUS.
· The non-zero gap from the end of the configured maximum WUS duration to the associated PO is configurable

· FFS the configuration is explicit or implicitly derived
· Working assumption:
· WUS transmission relative to associated PO of subgroup of UEs is aligned to the start of the configured maximum duration of WUS.

· Note: the above applies to at least the case where the gap is large enough for scheduling UE

· Note: the above does not imply that subgroup of UEs is introduced and that subgroup is TDM
· In eDRX, from the UE perspective, the default UE configuration is a one-to-one mapping between WUS and PO.
· In eDRX, from the UE perspective, an optional UE configuration is a 1-to-N mapping between WUS and PO.
· RAN1 made the following note:
· The WUS design and configuration for eDRX must allow the network to reach a UE within a PTW.
1.3
Early data transmission during random access

RAN1#89 discussed early data transmission during random access and made the following agreements:

· From RAN1 perspective, it is beneficial to support early data transmission for BL/CE UEs with any CE level or coverage.

· An LS was sent to RAN2 in R1-1709835.
RAN1#90bis discussed early data transmission during random access and made the following agreements:
· From RAN1 point of view, it is feasible to support early UL data transmission in Msg3 from a BL/CE UE using some TBS value(s) from the TBS range specified for BL/CE UEs in Rel-13 with a maximum total TBS of 1000 bits.
· Note: For Msg3 for Rel-13 BL/CE UEs, the maximum total TBS is 712 bits in CE mode A and 328 bits in CE mode B.
· FFS if and how there will also be a larger supported maximum total TBS (than 1000 bits)
· The detailed value(s) should consider the payload size of early data packets from RAN2.

· From RAN1 perspective, the physical layer design will assume eNB is not required to always provide a grant of a larger TBS for Msg3 and can decide to just provide a grant corresponding to Rel-13 Msg3 TBS instead.

· An LS (covering LTE-MTC and NB-IoT) was sent to RAN2 in R1-1719103 capturing the above agreements and asking RAN2 to provide input on what TBS range is needed for the payload sizes considered by RAN2

RAN1#91 discussed early data transmission during random access and made the following agreements:
· Maximum TBS for early data transmission in Msg3 is 1000 bits for PRACH CE levels 0 and 1 and 936 bits for PRACH CE levels 2 and 3

· Ask RAN2 whether one reserved bit in MAC RAR can be used for EDT feature

· An LS (covering LTE-MTC and NB-IoT) was sent to RAN2 in R1-1721255 indicating RAN1 will select from Rel-13 PUSCH TBS values and asking RAN2 how many TBS values are needed.

RAN1#92 discussed early data transmission during random access and made the following agreements:
· The maximum TBS broadcasted in system information are selected from 8 values which are taken from the Rel-13 PUSCH tables.

· The up to 4 possible TBS which is smaller than or equal to the maximum broadcast TBS values for the UE to choose among are FFS. FFS: How the UE obtains the up to 4 possible values.

· Support NW enabling the use of TBS smaller than the maximum configured. FFS details.
1.4
Uplink HARQ-ACK feedback (for early termination)
RAN1#88bis discussed uplink HARQ-ACK feedback and made the following agreement:

· For the purpose of evaluations of HARQ-ACK feedback for UE power saving:

· At least the following two options are considered for HARQ-ACK feedback channel:

· Option 1: One HARQ-ACK feedback channel for multiple UE PUSCHs in one transmission
· Option 2: One HARQ-ACK feedback channel for a single UE PUSCH in one transmission
· Detailed design on HARQ-feedback channel FFS among at least the following options:

· PHICH-like channel

· MPDCCH with reduced DCI size(s)

· MPDCCH with existing DCI size(s)

· Early termination of PUSCH transmission and/or MPDCCH monitoring are considered.

· The detailed solutions can be different for HD-FDD and FD-FDD/TDD.

· The simulation assumptions and metrics in R1-1706705 are agreed with the following modifications:

· The assumed UE power class has 23 dBm maximum transmit power.

· An eNB noise figure of 5 dB is assumed.

· Uplink antenna configuration: 1 UE Tx antenna, 2 eNB Rx antennas

· On slide 4, “500 units/ms” is replaced with “600 units/ms”.

· On slide 4, “200 bytes (on top of PDCP)” is replaced with “936 bits TBS”.

· The assumed duplex mode (HD-FDD, FD-FDD, TDD) should be declared.

· The simulation assumptions and metrics in R1-1706805 are agreed.
RAN1#89 discussed uplink HARQ-ACK feedback and made the following agreement:

· If explicit UL HARQ-ACK feedback is supported, it is based on MPDCCH.
RAN1#90 discussed uplink HARQ-ACK feedback and made the following agreements:

· Explicit HARQ-ACK feedback is supported for the following purpose(s):

· Early termination of MPDCCH monitoring before going to sleep (details up to RAN2)

· FFS: Early termination of PUSCH transmission at least in FD-FDD and TDD

· The introduction of explicit HARQ-ACK feedback shall not increase the maximum number of MPDCCH blind decoding attempts.
· An LS capturing above agreements was sent to RAN2 in R1-1715299
RAN1#90bis discussed uplink HARQ-ACK feedback and made the following agreements: [36.212]
· Early termination of PUSCH transmission is supported at least in FD-FDD and TDD by the following:

· MPDCCH for UL grant for scheduling new UL data

· MPDCCH for explicit HARQ-ACK feedback

· For explicit HARQ-ACK feedback for early termination of MPDCCH monitoring:
· Explicit HARQ-ACK feedback for a single UE is carried in a DCI with the same DCI size as DCI format 6-0A/B. The DCI is carried on MPDCCH in UE-specific search space.
· For explicit HARQ-ACK feedback for early termination of PUSCH transmission:
· Explicit HARQ-ACK feedback for a single UE is carried in a DCI with the same DCI size as DCI format 6-0A/B. The DCI is carried on MPDCCH in UE-specific search space.
· FFS: Explicit HARQ-ACK feedback for multiple UEs is carried in a DCI
· An LS capturing above agreements was sent to RAN2 in R1-1719206
RAN1#91 discussed uplink HARQ-ACK feedback and made the following agreements: [36.212]
· For the explicit HARQ-ACK feedback signaling,

· For CE mode A, unused state(s) in the “resource assignment” field in DCI format 6-0A is used to indicate explicit HARQ-ACK feedback for a single UE.

· FFS: If other fields are set to predetermined values

· For CE mode B, unused state(s) in the “MCS” field in DCI format 6-0B is used to indicate explicit HARQ-ACK feedback for a single UE.

· FFS: If other fields are set to predetermined values

· Working assumption:

· One unused DCI state in each CE mode is used for indicating:
· Early termination of MPDCCH monitoring and early termination of any ongoing PUSCH transmission
· Another unused DCI state in each CE mode is used for indicating:
· Early termination of any ongoing PUSCH transmission (without early termination of MPDCCH monitoring)
· It can be left up to RAN2 whether the new feedback signaling should also be used for termination of MPDCCH monitoring not related to UL HARQ (re)transmissions (e.g. MPDCCH monitoring related to DL transmissions).
· An LS was sent to RAN2 in R1-1721254 asking for feedback on the above working assumption.
RAN1#92 discussed uplink HARQ-ACK feedback and made the following agreements: [36.213]
· Upon receiving a PUSCH early termination DCI ending in subframe n, the UE shall stop the ongoing PUSCH transmission no later than in subframe n+k, with k following legacy MPDCCH-to-PUSCH timing.

· For HD-FDD, early termination of PUSCH transmission is not supported in Rel-15.

· Observation: Support of explicit HARQ-ACK feedback for multiple UEs is FFS.
1.5
Frequency-domain CRS muting
RAN1#88bis discussed frequency domain CRS muting and made the following agreement:

· An LS was sent to RAN4 in R1-1706734.
1.6
Increased PDSCH spectral efficiency (DL 64QAM)
RAN1#88bis discussed DL 64QAM support and made the following agreements: [36.212, 36.213]
· Support for 64QAM for non-repeated unicast PDSCH in connected mode in CE Mode A is introduced.

· The feature is enabled/disabled by eNB via UE-specific signaling.

· Unless enabled, UE shall assume no use of 64QAM.

· The MCS field in DCI format 6-1A is [FFS: 4 or 5 bits] in UE-specific search space.

· The max TBS for each UE category and max PDSCH channel bandwidth support is the same as Rel-14.

· This implies that N_soft is also the same as Rel-14.
· FFS details of MCS, TBS and CQI tables for the support of 64QAM.
RAN1#89 discussed DL 64QAM support and made the following agreements: [36.212, 36.213]
· A capability is introduced for Rel-15 BL/CE UEs for the support of 64QAM.

· For Rel-15 BL/CE UEs, when 64QAM is enabled via higher layer configuration,

· When the DCI indicates no PDSCH repetition,

· The MCS field in DCI format 6-1A UE-specific search space is extended to 5 bits by reinterpreting the frequency hopping flag as the MSB

· The size of DCI format 6-1A is not changed.

· The modulation and TBS index table is reused from Table 7.1.7.1-1 in TS 36.213.

· The TBS is determined using Table 7.1.7.2.1-1 in TS 36.213 with the following restriction:

· The max TBS in Rel-14 is used wherever the TBS value in Table 7.1.7.2.1-1 exceeds the max TBS in Rel-14.

· Working assumption: For Rel-15 BL/CE UEs, when 64QAM is enabled via higher layer configuration,

· The CQI table is as below.

	CQI index
	modulation
	code rate x 1024 x 
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	efficiency x 
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	0
	out of range

	1
	QPSK 
	40
	0.0781

	2
	QPSK 
	78
	0.1523

	3
	QPSK 
	120
	0.2344

	4
	QPSK
	193
	0.3770

	5
	QPSK 
	308
	0.6016

	6
	QPSK
	449
	0.8770

	7
	QPSK 
	602
	1.1758

	8
	16QAM 
	378
	1.4766

	9
	16QAM 
	490
	1.9141

	10
	16QAM 
	616
	2.4063

	11
	64QAM
	466
	2.7305

	12
	64QAM
	567
	3.3223

	13
	64QAM
	666
	3.9023

	14
	64QAM
	772
	4.5234

	15
	64QAM
	873
	5.1152


RAN1#90 discussed DL 64QAM support and made the following agreements: [36.213]
· The working assumption from RAN1#89 on the CQI table with DL 64QAM is confirmed.

· Email discussion on remaining details of CQI table for DL 64QAM

· The outcome of the email discussion was summarized in R1-1718137
RAN1#90bis discussed DL 64QAM support and made the following agreements: [36.213]
· RAN1 to design a solution to configure a UE with CSI reference resource comprising more than one subframe and 64QAM simultaneously.

· RAN1 to discuss the detailed solutions among the following options, where other options are not precluded:

· Option A: For csi-NumRepetitionCE-r13 > 1, the UE assumes a CSI reference resource of 1 for 64QAM and csi-NumRepetitionCE-r13 > 1 for other modulation schemes.

· Option B: Redesign CQI table to have a more even spread of SNR values.

RAN1#91 discussed DL 64QAM support and made the following agreements: [36.213]
· Working assumption:

· When a UE is configured both with 64QAM and csi-NumRepetitionCE-r13 > 1,

· A single CQI table covers the range from QPSK with 32 times repetition up to 64QAM without repetition

· eNodeB can optionally configure the UE to use the option B CQI table at least for 64QAM capable UE irrespective of whether 64QAM is configured or not
RAN1#92 discussed DL 64QAM support and made the following agreements: [36.213]
· Confirm working assumption:

· When a UE is configured both with 64QAM and csi-NumRepetitionCE-r13 > 1,

· A single CQI table covers the range from QPSK with 32 times repetition up to 64QAM without repetition

·  The following CQI table is adopted:
	CQI
	modulation
	code rate x 1024
	repetition

	0
	Out of range

	1
	QPSK 
	56
	32

	2
	QPSK 
	207
	16

	3
	QPSK 
	266
	4

	4
	QPSK
	195
	2

	5
	QPSK 
	142
	1

	6
	QPSK
	266
	1

	7
	QPSK 
	453
	1

	8
	QPSK
	637
	1

	9
	16QAM
	423
	1

	10
	16QAM 
	557
	1

	11
	16QAM
	696
	1

	12
	16QAM
	845
	1

	13
	64QAM
	651
	1

	14
	64QAM
	780
	1

	15
	64QAM
	888
	1


· Revise the previous working assumption as follows: 

· eNodeB can optionally configure the UE to use the option B CQI table for 64QAM capable UE irrespective of whether 64QAM is configured or not

· Working assumption: eNodeB can optionally configure the UE to use the option B CQI table for non-64QAM capable UE if the UE supports option B CQI table

· Only QPSK and 16QAM entries are reported by UE

· When configured with MPDCCH hopping and the new option B CQI table, the UE will not report any CQI above the highest 16-QAM entry in the CQI table for wideband reporting.

1.7
Increased PUSCH spectral efficiency (sub-PRB allocation)
RAN1#88bis discussed increased PUSCH spectral efficiency and made the following agreements:

· Techniques to improve UL spectral efficiency for consideration:

· Sub-PRB allocation

· PUSCH-based and NPUSCH-based designs can be considered.

· CDMA

· MU-MIMO

· Increased DMRS density

· Note: combinations of techniques are not precluded.

· Additionally, support for switching between LTE and NB-IoT air interfaces can be considered.

· The following performance metrics and parameters are used for the evaluation of the studied techniques.

· Other metrics (e.g. complexity) are not precluded.

	Performance metric
	Unit

	UL spectral efficiency
	% improvement

	UE power consumption
	% improvement


	Parameter
	Value

	UE PA power
	23 dBm

	System BW
	10 MHz

	Band
	Band 8 (900 MHz)

	Channel model 
	ETU

	Doppler spread 
	1 Hz

	Frequency error 
	±30 Hz (uniformly distributed)

	Frequency Hopping
	None, 16 ms

	TBS
	504 bits

	UE Tx antenna configuration
	1 Tx

	eNB Rx antenna configuration
	2 Rx

	Channel estimation
	Realistic – amount of cross SF estimation should be declared

	eNB NF
	5 dB

	Coupling loss
	144, 154, 164 dB


RAN1#89 discussed increased PUSCH spectral efficiency and made the following agreements:

· MU-MIMO enhancements will not be specified as part of this WI.

· At least one of the following techniques to improve UL spectral efficiency will be supported as part of this WI:

· Sub-PRB allocation (with or without increased DMRS density)

· CDMA (with or without increased DMRS density)

· Support for switching between LTE and NB-IoT air interfaces can be further considered.

RAN1#90 discussed increased PUSCH spectral efficiency and made the following agreements:

· Sub-PRB allocation method shall be specified
RAN1#90bis discussed increased PUSCH spectral efficiency and made the following agreements:

· Sub-PRB shall be supported at least in CE Mode B

· Working assumption: Sub-PRB shall be supported in CE Mode A.

· RAN1 will prioritize optimization of Sub-PRB for CE Mode B over optimization of Sub-PRB for CE Mode A.

· For Sub-PRB, the maximum total number of (valid) subframes of transmission is: [36.213]
· 32 subframes for CE Mode A

· 2048 subframes for CE Mode B

· FFS: Supported transport block sizes and numbers of repetitions (for each supported CE Mode)

· Sub-PRB rate matching is performed across a resource unit (RU) spanning multiple subframes [36.212]
· The RU length depends on number of subcarriers in the Sub-PRB allocation [36.211]
· FFS: RE mapping

· FFS: whether more than one RU is allocated per transport block

· For Sub-PRB, increasing DMRS shall not be supported

· For Sub-PRB allocation in connected mode,

· The Sub-PRB feature is configured/enabled by RRC signaling [36.213]
· The Sub-PRB resource allocation shall be signaled by DCI [36.213]
· FFS: Support of Sub-PRB allocation in Msg3

· When the Sub-PRB feature is configured/enabled in connected mode in CE mode B,

· DCI format 6-0B shall support both sub-PRB allocation and allocation of at least 1 PRB.

· Sub-PRB allocation shall support a maximum TBS of at least [504] bits. [36.213]
RAN1#91 discussed increased PUSCH spectral efficiency and made the following agreements:

· For Sub-PRB allocation, only the following are supported: [36.211]
· 6 subcarriers with SC-FDMA QPSK modulation, at least for CE Mode A 
· FFS: CE Mode B

· 3 subcarriers with SC-FDMA QPSK modulation 
· 3 subcarriers with SC-FDMA Pi/2 BPSK modulation  
· The Pi/2 rotation is performed across SC-FDMA symbols 
· Use only 2 adjacent subcarriers out of the 3 allocated subcarriers with DFT-spread of length 2 
· FFS: which 2 subcarriers out of the 3 allocated subcarriers are used

· Working assumption: The 2 used subcarriers shall be fixed per cell in specification

· FFS: semi-statically configured 

· FFS: Frequency hopping case

· An LS capturing the above agreements was sent to RAN4 in R1-1721283
· Confirm RAN1#90bis working assumption: Sub-PRB shall be supported in CE Mode A.

· RAN1 will prioritize optimization of Sub-PRB for CE Mode B over optimization of Sub-PRB for CE Mode A.

· When the Sub-PRB feature is used,

· Mapping one TB to 1 RU shall be supported at least for CE Mode A [36.213]
· Mapping one TB to a maximum of [FFS:2 or 4] resource units (RUs) shall be supported [36.213]
· Sub-PRB allocation shall support a maximum TBS of 1000 bits for CE Mode A and 936 bits for CE Mode B [36.213]
· Maximum TBS within a single RU is FFS

· UCI Piggybacking on PUSCH with sub-PRB allocation is not supported. [36.213]
· FFS: which UL channel is dropped
RAN1#92 discussed PUSCH sub-PRB allocation and made the following agreements:

· For a 2 of 3 sub-carrier pi/2 BPSK transmission, the SC-FDMA symbols over which the DMRS is mapped shall provide a PAPR that is roughly the same as the PAPR of the SC-FDMA symbols not carrying DMRS. [36.211]
· Cross-correlation properties for the DM-RS need to be considered.

· Note that Alt. 1 and Alt. 2 may or may not meet the above requirement

· Alt. 1: Each DMRS symbol is length-2 BPSK with DFT-S-OFDM

· Alt. 1: is the same modulation as data 

· Alt. 2: Each DMRS symbol is mapped to three sub-carriers

· Other alternative(s) are not precluded
· The DMRS sequence and DMRS RE mapping are the same as the NB-IOT DMRS design for 3 and 6 sub-carrier QPSK transmissions. [36.211]
· The above is not applied to DMRS for 2 of 3 sub-carrier pi/2 BPSK transmission

· For all sub-PRB transmissions, the DMRS is transmitted in the fourth SC-FDMA symbol of the slot [36.211]
· For 2 of 3 subcarriers pi/2 BPSK option, average the phase advancement across the cyclic prefix between the two tones and use this averaged phase advancement for pi/2 phase rotation [36.211]
· This can be revisited if RAN4 identifies any issues
· For the 2 Sub-Carrier Pi/2 BSPK modulation, the pi/2 rotation algorithm is the same as NB-IOT pi/2 BPSK where the pi/2 rotation is not a function of the sub-carrier index. [36.211]
· For 6 sub-carriers QPSK allocations, 2 non-overlapping allocations per PRB, i.e., {0, 1, 2, 3, 4, 5} and {6, 7, 8, 9, 10, 11}, will be defined [36.213]
· For 3 sub-carrier QPSK allocations and 2 of 3 sub-carrier pi/2 BSPK allocations, 4 non-overlapping allocations per PRB, i.e., {0, 1, 2}, {3, 4, 5}, {6, 7, 8} and{9, 10, 11}, will be defined [36.213]
· FFS: Which of the above sub-PRB allocations are granted by DCI [36.213]
· The location of the 2-of-3 subcarriers within the 3 subcarrier allocation is cell-specific [36.211]
· Use the Physical Cell ID along with a Modulo 2 operation to determine which 2 of 3 subcarriers will be used [36.211]
· This can be revisited if RAN4 identifies any issues
· Confirm the WA below

· The 2 used subcarriers shall be fixed per cell in specification [36.211]
· RU Size of 6 sub-carriers QPSK option = 2 ms [36.211]
· RU Size of 3 sub-carriers QPSK option = 4 ms [36.211]
· 4 RVs will be used for sub-PRB transmission [36.213]
· The RE mapping of sub-PRB within an RU over PUSCH is performed first within a sub-frame then across sub-frames [36.211, 36.212]
· Within a subframe, RE mapping is the same as legacy PUSCH [36.211].
· Frequency hopping of PRB between 2 narrowbands for sub-PRB allocation is the same as legacy. Sub-carrier locations in the PRB are the same within both narrowbands [36.211]
· 6 subcarriers with SC-FDMA QPSK modulation is supported in CE mode B [36.211]
· The candidates for FDD are Proposal #1, #2 and #4 for CE mode A and Proposal#1, #2, and #3 for CE mode B and down-select the candidates at RAN1#92bis [36.211]
· Proposal #1:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 8 ms

· Proposal #2:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 6 ms

· Proposal #3:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 16 ms. 

· Proposal #4:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 4 ms

· FFS whether the above can be reused for TDD or not
· A maximum of 4 resource units (RUs) is supported in CE Mode A [36.213]
1.8
More flexible starting PRB for PDSCH/PUSCH
RAN1#92 discussed more flexible starting PRB for PDSCH/PUSCH and made the following agreements:
· For a BL/CE UE, higher layer signaling enable/disable

· the more flexible starting PDSCH PRB

· the more flexible starting PUSCH PRB

· This makes no assumption about signaling details
· For a BL/CE UE configured with flexible starting PDSCH PRB and max 1.4 MHz PDSCH channel bandwidth,

· PDSCH frequency hopping is supported.

· Details of frequency hopping is FFS

· For a BL/CE UE configured with flexible starting PUSCH PRB and max 1.4 MHz PUSCH channel bandwidth,

· PUSCH frequency hopping is supported.

· Details of frequency hopping is FFS

2
RAN2 agreements
2.1
Lower UE power class
RAN2#101 discussed lower UE power class and made the following agreements:

· Email discussion until the next meeting:

· Text proposals for running CRs for lower UE power class [ZTE]

2.2
Reduced system acquisition time
RAN2#99 discussed reduced system acquisition time (jointly with NB-IoT) and made the following agreements:

· Email discussion:

· Email discussion on identifying the use cases for skipping SIB1-BR

· The outcome of the email discussion was summarized in R2-1711477
RAN2#99bis discussed reduced system acquisition time (jointly with NB-IoT) and made the following agreements:

· Indicate in MIB whether there has been or not a system information change for a certain period of time.
· It is FFS how such period of time is provided.
· The indication in MIB is provided with 1 bit.
· The indication for EAB is FFS.
RAN2#100 discussed reduced system acquisition time (jointly with NB-IoT) and made the following agreements:

· RAN2 confirms that SIB1-BR accumulation across SIB1-BR modification period is possible since it has been introduced in Rel-13, and it is left to UE implementation.

· RAN2 confirms that SI message accumulation across SI windows and modification period is possible since it has been introduced in Rel-13, and it is left to UE implementation.

· An LS capturing RAN2#99bis and RAN2#100 agreements was sent to RAN1 and RAN4 in R2-1714015
RAN2#101 discussed reduced system acquisition time (jointly with NB-IoT) and made the following agreements:
· No additional bit is added for EAB
· Setting the bit in MIB indicates that there has been no SI change over existing SI validity time.

2.3
Downlink control channel power efficiency (wake-up signalling)

RAN2#99bis discussed wake-up signaling (jointly with NB-IoT) and made the following agreements:

· Email discussion:

· Email discussion on wake-up signal addressing answers to RAN1 questions and RAN2 solutions for idle mode (Huawei)

· The outcome of the email discussion was summarized in R2-1713186
RAN2#100 discussed wake-up signaling (jointly with NB-IoT) and made the following agreements:

· It is FFS if the use of wake-up signal for paging is enabled/disabled via system information in NB-IoT. Also in MTC if enabling/disabling is agreed in RAN1.

· RAN2 could not agree on the feasibility to apply one wake-up signal to multiple POs in a PTW. It would need further discussions to reach an agreement in R2.

· An LS capturing the following agreement (for LTE-MTC and NB-IoT) was sent to RAN1 in R2-1714008
· From RAN2 perspective, it is feasible to configure the WUS to be applied to a group of UEs associated to one PO. It should be noted that some companies have raised concerns about the benefit and added complexity.
RAN2#101 discussed wake-up signaling (jointly with NB-IoT) and made the following agreements:
· RAN2 sent a reply LS on mapping of WUS to multiple POs in a PTW to RAN1 in R2-1803798
2.4
Early data transmission during random access
RAN2#99 discussed early data transmission (jointly with NB-IoT) and made the following agreements:

· We intend to support early UL data transmission in Msg3 for control plane and user plane CIoT EPS optimisation.
· We intend to support early DL data transmission in Msg4 for control plane and user plane CIoT EPS optimisation.
· Early data transmission feature is considered when AS security was not established for only transmitting data using CP.
· Early data transmission feature is considered when AS security was established for transmitting data using CP and/or UP.
· Email discussion:

· Email discussion on the detailed aspects of early data transmission

· The outcome of the email discussion was summarized in R2-1710888
RAN2#99bis discussed early data transmission (jointly with NB-IoT) and made the following agreements:

· PRACH partitioning is used to indicate UE’s intention to use early data transmission in Msg3. Backward compatibility shall be preserved. FFS: details on the PRACH pool, e.g., preamble/time/frequency/carrier domain of PRACH partitioning.

· For CP during the UL EDT procedure, if the UE receives a grant in which data does not fit, the UE does not send the data in Msg3. For UP solution it is FFS if the EDT grant can be used for UL data if the grant is smaller than the UL data size.

· It is FFS if there is a need to introduce an authorization mechanism.

· Maximum possible grant size for Msg3 is broadcast per CE. It is FFS if the UE indicates the grant size it needs for Msg3 via PRACH partitioning.

· Send an LS to RAN1 with the agreements we have from this meeting and indicate that we assume that the legacy TBS table for PUSCH transmission is used for EDT.

· An LS (covering LTE-MTC and NB-IoT) on Msg3 TB sizes and RAR UL grant formats was sent to RAN1 in R2-1711977.
· Msg4 decides whether the UE goes to RRC connected mode or RRC idle mode. The content of Msg4 for EDT is FFS.

· The intention to use EDT is for data, i.e. not for NAS signalling.

· Send an LS to RAN3/SA2/CT1 whether any of the following parameters which are included in Msg5 in legacy procedure should be included in Msg3 for EDT: selectedPLMN-Identity, registeredMME, gummei-Type, attachWithoutPDN-Connectivity, up-CIoT-EPS-Optimisation, cp-CIoT-EPS-Optimisation, dcn-ID.

· An LS (covering LTE-MTC and NB-IoT) on Msg3 contents and security aspects was sent to RAN3, SA2, SA3 and CT1 in R2-1711978.

· RAN2 assumes that S-TMSI for CP, and resumeID and shortResumeMAC-I for UP solutions  are sufficient to identify UE at the MME and eNB respectively. We will provide this assumption in an LS.to RAN3, SA2, SA3, CT1.

· For CP solution, NAS PDU for data is encapsulated in the RRC message sent in Msg3 and transmitted as CCCH SDU.

· For UP solution SRB0 is used to transmit the RRC message in Msg3.

· For UP solution, CCCH (RRC message) and DTCH (UP data) are multiplexed in MAC in Msg3.

· For UP, AS security is resumed before transmitting Msg3, and data transmitted in Msg3 is protected by AS security.

· For CP solution, NAS PDU data in the DL can be optionally encapsulated in the RRC message sent in Msg4 and transmitted as CCCH SDU.

· For UP solution, DL data can be optionally multiplexed in MAC, i.e. DCCH (RRC message(s)) and DTCH (UP data) in Msg4.

· FFS: For UP solution: case for pinned connection, i.e. CCCH (RRCConnectionResumeReq) + DCCH (NAS PDU via pinned connection)

· Email discussions:

· Email discussion on the details for EDT indication via PRACH pool partitioning, e.g., preamble/time/frequency/carrier domain (Ericsson)
· The outcome of the email discussion was summarized in R2-1713057
· Email discussion on the AS/NAS interaction and the possible impact on RAN3 related aspects with the intention to send an LS to RAN3 from this meeting if issues are identified (MediaTek)

· The outcome of the email discussion was summarized in R2-1712076
· The LS to RAN3 was sent in R2-1712077
· Email discussion on whether new RRC messages are introduced or existing RRC messages are extended to provide the required signalling for EDT (Huawei)

· The outcome of the email discussion was summarized in R2-1713182
· Running CRs:

· 36.321 CRs for LTE-MTC (Intel) and NB-IoT (Ericsson)

· 36.331 CRs for LTE-MTC (Qualcomm) and NB-IoT (Huawei)

RAN2#100 discussed early data transmission (jointly with NB-IoT) and made the following agreements:

· The UE initiates EDT in Msg1 when the size of Msg3 including the user data, which UE intends to transmit, is equal or smaller than the maximum possible TBS size for Msg3 broadcast per CE.

· PRACH partitioning for EDT indication is configured per enhanced coverage level.

· Working assumption: Support for segmentation for this case is not prioritized.

· Working assumption: PRACH resource partitioning is not supported to indicate the intended data size other than legacy or maximum TBS broadcast per CE.

· FFS how to address the padding issue in Msg3.

· UE category is not indicated in Msg1.

· For EDT indication, PRACH resources can be configured as in legacy eMTC or NB-IoT with respect to physical layer resources, preambles/subcarriers.

· PRACH resource pool, i.e. physical layer resources, preambles/subcarriers, for EDT indication is separate from PRACH resource pool for legacy RACH procedure.

· For CP solution:
· None of the parameters currently provided in Msg5 are included in Msg3 for EDT.

· UE is in RRC_IDLE when transmitting Msg3 for EDT, same as legacy.

· UE shall perform access barring check before initiating EDT.

· FFS whether changes to T300 and mac-contentionResolutionTimer are needed.

· New RRC message is introduced for Msg3.

· New RRC message is introduced for Msg4 in case network sends the UE to idle mode.

· UE supporting EDT shall support both UL and DL EDT.

· Msg4, which is agreed to be introduced as the new RRC message, optionally includes a NAS PDU, extendedWaitTime, redirectedCarrierInfo and for eMTC idleModeMobilityControlInfo. No need to include extendedWaitTime-CPdata in this case.

· FFS whether releaseCause is included in the new Msg4.

· UE is in RRC_IDLE when receiving the new Msg4 and it does not transit to RRC_CONNECTED.

· When the UE receives the new Msg4, the UE forwards the DL NAS PDU, if any, to upper layers, follows the legacy behavior based on included IEs, and indicates the completion of the procedure to the upper layers.

· Legacy RRCConnectionSetup message is used when the network wants the UE to move to RRC_CONNECTED. The UE assumes that UL data transmission was successful, i.e. up to MME.

· In EDT, it is possible for the UE to receive RRCConnectionReject message in response to the new Msg3.

· Legacy RRCConnectionSetupComplete is used when the network wants the UE to move to RRC_CONNECTED. NAS container in RRCConnectionSetupComplete message may be sent empty. FFS if this is possible from ASN.1 standpoint.

· For UP solution:
· UE supporting EDT shall support both UL and DL EDT.

· The UE shall have NCC prior to indicating EDT.

· resumeID, shortResumeMAC-I, and resumeCause are included in Msg3 for EDT.

· None of the parameters currently provided in MSG5 are included in Msg3 for EDT.

· UE is in RRC_IDLE when transmitting Msg3 for EDT, same as legacy.

· UE shall perform access barring check before initiating EDT.

· UE shall restore the UE context, reactivate security, and re-establish/resume all SRBs/DRBs. The UE shall derive new keys based on the NCC provided in the previous connection. It is FFS in which message NCC is provided in the previous connection. The FFS is pending SA3 feedback.

· Legacy RRCConnectionResumeRequest message is used in Msg3.

· Legacy RRCConnectionRelease message with suspend is extended to include NCC in Msg4 when the network wants the UE to move to RRC_IDLE.
· Email discussions:

· Email discussion on how to address the padding issue in Msg3 (Ericsson)

· Email discussion to progress the running 36.331 CR for LTE-MTC (Qualcomm)

· Email discussion to progress the running 36.321 CR for LTE-MTC (Intel)

RAN2#101 discussed early data transmission (jointly with NB-IoT) and made the following agreements:
· Protocol overhead (MAC/RLC/PDCP/RRC) for EDT is assumed to be 25 bytes for TBS evaluations.

· The minimum possible TB size is assumed to be around 320 bits based on the values in (N)PUSCH tables.

· If new UL grant format is defined, it does not need to be backwards compatible.

· Same RAR format is used for EDT UEs.

· The EDT UL grant shall always allow the max TB size broadcasted in system information unless the provided UL grant is for legacy Msg3.

· The EDT UL grant shall allow the UE to choose an appropriate TB size, MCS, repetitions, and RUs (for NB-IoT) from a set of TB sizes provided based on the UL data. It is FFS how the set of possible TB sizes, MCS, repetitions, and RUs (for NB-IoT) is provided, e.g. hardcoded in the specs. This is pending RAN1 confirmation.

· RAN2 assumes that 8 possible candidate values for the maximum TB size broadcasted in system information. RAN2 assumes that for each maximum TB size broadcasted, up to 4 possible TB sizes, i.e. blind decoding options, are allowed.

· For eMTC, the reserved bit in MAC RAR can be used for the EDT feature in eMTC only if it is necessary.

· Send an LS reply to RAN1 capturing the agreements above including the agreement on the maximum and minimum possible TB sizes and ask RAN1 for confirmation.
· RAN2 sent the LS to RAN1 in R2-1803884
· RAN2 sent a reply LS on EDT procedures and AS NAS interaction to CT1 (cc RAN3, SA2) in R2-1803885
· Email discussions until the next meeting:

· Remaining issues for EDT in the CP and UP solutions [Huawei]

· Security issues for EDT [Intel]

· Running 36.331 CR for eMTC and NB-IoT for EDT [Qualcomm]

· Running 36.331 CR for eMTC excluding EDT [Qualcomm]

· Running 36.321 CR for eMTC and NB-IoT for EDT [Intel]

· Running 36.321 CR for eMTC excluding EDT [Intel]

2.5
Uplink HARQ-ACK feedback (for early termination)
RAN2#99 discussed uplink HARQ-ACK feedback and made the following agreements:

· The support for UL HARQ ACK feedback for early termination signalling (ETS) is up to RAN1 to decide.
· UL HARQ ACK feedback is beneficial with respect to UE power consumption from RAN2 standpoint.
RAN2#101 discussed uplink HARQ-ACK feedback and made the following agreements:

· Early termination of MPDCCH and/or PUSCH can be used to complete RRC connection release procedure faster. RAN2 assumes no changes in RAN2 specification to capture this agreement.

· Send an LS reply to RAN1 that captures the following:
· RAN2 assumes that with early termination of MPDCCH monitoring, RAN1 intends to refer to early termination of MPDCCH monitoring and early termination of any ongoing PUSCH transmission.

· For case 1; RAN2 thinks that UL explicit HARQ-ACK for early termination of MPDCCH monitoring and early termination of any ongoing PUSCH transmission can be used to acknowledge the receipt of the RRCConnectionRelease message. RAN2 assumes no changes in RAN2 specification to capture this agreement.

· For case 2; RAN2 thinks that using an explicit HARQ-ACK feedback to acknowledge all pending UL HARQ processes is not efficient with respect to UE power consumption. RAN2 agreed that this use case is not supported.
· RAN2 sent the reply LS to RAN1 in R2-1803886
2.6
Relaxed monitoring for cell reselection
RAN2#99 discussed relaxed monitoring for cell reselection (jointly with NB-IoT) and made following agreements:

· The use case is M2M, we aim to have similar solutions for RRM measurement relaxation as far as reasonable for at least NB-IoT and LTE M2M UEs (FFS if this is Cat M1/M2).

· Introduce a relaxed monitoring solution that works for both UEs that are fixed and can be mobile.
· Relaxed monitoring applies to neighbour cell measurements in Idle mode.

· We specify how the UE detect when to do measurement relaxation.
· Email discussion:

· Email discussion on detailed mechanisms and configuration of the feature

· The outcome of the email discussion was summarized in R2-1710727
RAN2#99bis discussed relaxed monitoring for cell reselection (jointly with NB-IoT) and made following agreements:

· Working assumption (change only if blocking problems are found): The UE dynamically determines whether to apply relaxed monitoring by change in serving cell RSRP

· If there are configuration parameters for the dynamic determination whether to apply relaxed monitoring, those are provided by means of system information.

· The functionality of Sintrasearch and Sinterseach is assumed as today, and “relaxed monitoring” is applicable when the UE is below Sintrasearch or Sintersearch thresholds respectively, if configured. 

· UEs that apply “relaxed monitoring” need to perform neighbour cell measurements on a slow time scale, regardless if the UE considers itself to be stationary. An intention is that this shall not make it worse for any case w.r.t. power consumption. 

· It is FFS what is the slow time scale and whether it is same or different for different UEs. 

· UE either applies for neighbour cell measurements “normal mobility requirements” or “relaxed monitoring requirements”.

· It is FFS if and how UE is Authorized to/Configured to use relaxed monitoring (at all). 

· An LS capturing the agreements (covering LTE-MTC and NB-IoT) was sent to RAN4 in R2-1711897
· Email discussion:

· Email discussion on relaxed monitoring, FFSs and Stage-3 details (Ericsson)

· The outcome of the email discussion was summarized in R2-1713010
RAN2#100 discussed relaxed monitoring for cell reselection (jointly with NB-IoT) and made following agreements:

· Relaxed Monitoring Requirements for neighbour cell detection and measurements are applied when the following condition apply Srxlev.Ref - Srxlev < Srxlev.Delta. Otherwise the UE perform neighbour cell detection and measurements according to current requirements. 

· The UE sets Srxlev.Ref = Srxlev when a new serving cell has been selected or reselected to. 

· When the UE applies relaxed monitoring, there will be periodic triggering of neighbor cell detection and measurements, and the period is hardcoded to 24h

· The RSRP delta value range is {dB6, dB9, dB12, dB15} dB with default 6 dB

· All UEs capable of relaxed monitoring can apply it in cells where it is configured by broadcast signalling.
· Relaxed monitoring applies to both intra-frequency and inter-frequency.
· Introduce relaxed monitoring for UE that are Cat M1 M2 or are capable of CE.

· We expect MTC solution to be identical to the NB-IoT solution, so no specific MTC CRs are needed at this meeting.
RAN2#101 discussed relaxed monitoring for cell reselection (jointly with NB-IoT) and made the following agreements:
· Will have relaxed monitoring for MTC already in Rel-14

· Email discussion for one week:

· Relaxed monitoring for cell reselection for MTC in Rel-14 [Ericsson]

2.7
Increased PDSCH spectral efficiency (DL 64QAM)
RAN2#99 discussed increased PDSCH spectral efficiency (DL 64QAM) and made the following agreements:

· Capability signalling is introduced to indicate support for 64QAM for BL/CE UEs assuming that RAN1 has already agreed this.
RAN2#101 discussed increased PDSCH spectral efficiency (DL 64QAM) and made the following agreements:

· Email discussion until the next meeting:

· Text proposals for running CRs for increased PDSCH spectral efficiency [Huawei]

2.8
Increased PUSCH spectral efficiency (sub-PRB allocation)
RAN2#101 discussed PUSCH sub-PRB allocation and made the following agreements:

· Email discussion until the next meeting:

· Text proposals for running CRs for increased PUSCH spectral efficiency [Ericsson]

2.9
Access/load control for idle mode UEs
RAN2#99 discussed access/load control for idle mode UEs and made the following notes:

· We will continue the discussion in the next meeting.

· Companies will check the concerns brought up regarding fairness before the next meeting.

3
RAN3 agreements
RAN3#95bis discussed and approved a WI work plan in R3-171174.

3.1
Early data transmission during random access

RAN3#98 discussed early data transmission (jointly with NB-IoT) and made the following agreements:

· For CP solution, transmit the UL Data received in Msg3 towards the MME via S1AP: Initial UE Message.
· For UP solution, S1AP: UE Context Resume procedure will be triggered upon receiving msg3.

· It is FFS how does the MME inform the eNB whether the MME prefers/requires the UE to stay connected afterwards.
· An LS capturing the above agreements for NB-IoT was sent to RAN in R3-175016
4
RAN4 agreements

RAN4#83 discussed the overall WI work plan and approved the WI work plan for RAN4 in R4-1705485
4.1
Frequency band support
RAN4#82bis discussed frequency band supported for BL UE and made the following agreement:

· Agree the recommended band for BL UE in R4-1703375
RAN4#84 discussed frequency band support (jointly with NB-IoT) and made the following agreements:

· Support for band 14 was added in 36.101 CR in R4-1707227
· Support for bands 4 and 71 was added in 36.101 CR in R4-1708925
4.2
Higher UE velocity

RAN4#84bis discussed RRM impacts of higher UE velocity and made the following agreements:

· Channel model/speed: ETU at 120 km/hr at 2 GHz

· Investigate RSRP/RSRQ accuracies using the above channel model

· Assume existing RSRP/RSRQ L1 periods of Cat M1/M2

· Need for investigation of the cell detection is FFS; based on outcome of RSRP/RSRQ studies

· RSRP/RSRQ performance simulation assumptions in R4-1711932 agreed with the following modification:
· Doppler spread = 220 Hz
RAN4#85 discussed RRM impacts of higher UE velocity and made the following agreements (from agreed WF in R4-1713854):

· Intra-frequency RSRP/RSRQ measurement (measurement period and measurement accuracy) and cell identification requirements under non-DRX for gap pattern ID#0 are reused under high velocity (up to 220 Hz Doppler spread).
· RAN4 shall study the corresponding requirements under DRX for next meeting (RAN4#86).
· UEs under high-velocity shall identify and measure cells on both serving and non-serving carriers.

· FFS optimization of gap sharing allocation for high-velocity UE

· FFS whether it beneficial to inform UEs about high velocity operation in a cell.
RAN4#86 discussed RRM impacts of higher UE velocity and made the following agreements:

· On gap sharing and higher-velocity operation:

· Introduce a new measurement gap sharing table for eFeMTC UEs operating under higher velocity, and the values of the table are FFS.
· Inter-frequency requirements under higher-velocity operation are FFS.
· If higher-velocity indication is received by the efeMTC UE, the UE shall use the measurement gap sharing table associated with higher-velocity.

4.3
Lower UE power class
RAN4#82bis discussed UE RF impacts of lower UE power class and made the following agreements:

· Emission requirements of power class 3 and new low power class should be the same (R4-1703376)
· MPR and A-MPR need to be updated when the new power class is decided (R4-1703376)
· Coin cell batteries shall be studied and be considered during the specification (R4-1703591)
· RAN4 sent an LS on new UE capability signalling for low output power class to RAN2 in R4-1703377.
RAN4#84 discussed UE RF impacts of lower UE power class and made the following agreements:

· Agreement (from agreed LS in R4-1708835):

· RAN4 has studied the maximum power of the new UE power class for Rel-15 efeMTC and proposes new lower power class BL UE with Pmax = 14dBm.
· Agreed LS:

· An LS capturing above agreement and following suggestions was sent to RAN2 in R4-1708835:

· It is desired that proper signaling is defined to inform the network about the maximum output power of the new UE power class. 

· The cell selection threshold should be possible to compensate for a lower power class UE

· It should be possible to prevent the lower power class UE from using certain PRACH CE levels

· The RSRP thresholds for PRACH CE level selection should be possible to compensate for a lower power class UE
RAN4#85 discussed UE RF impacts of lower UE power class (PC6) and made the following agreements:

· Agreements from agreed WF i in R4-1713980:

· For CAT-M2 PC6 MTC, MPR result integration with E/// (R4-1713081) and QC result (R4-1713579) is proposed to take following factors:
1) MPR table need to consider the NB index allocation in different system bandwidth
2) The length of the continuous PRB need to follow the RAN1 spec: The continuous length of the PRB acc. to 36.212 (5.3.3.1.10), 36.213 (8.1, 8.1.5, 8.1.5.1) is [1, 2, 3 4, 5 6, 9, 12, 15,18, 24]
3) RBstart is indexed within the allocated NB bandwidth.
· For CAT-M2 PC6 eMTC, MPR CR will be provided next meeting
· For CAT-M1 PC6 eMTC, MPR table for low output power CAT-M1 will be proposed next meeting.
· No A-MPR needed for PC6 CAT-M1 device with current supported frequency band. The frequency band is below (acc. to 36.101 V15.0.0):
· UE category M1 and M2 is designed to operate in the E-UTRA operating bands 1, 2, 3, 4, 5, 7, 8, 11, 12, 13, 14, 18, 19, 20, 21, 25, 26, 27, 28, 31, 66, 71, 72 and 74 in both half duplex FDD mode and full-duplex FDD mode, and in bands 39, 40 and 41 in TDD mode.

· No A-MPR needed for PC6 CAT-M2 device with current supported frequency band except NS_07, NS_15, NS_07, NS_15 need further investigation.
· UE category M1 and M2 is designed to operate in the E-UTRA operating bands 1, 2, 3, 4, 5, 7, 8, 11, 12, 13, 14, 18, 19, 20, 21, 25, 26, 27, 28, 31, 66, 71, 72 and 74 in both half duplex FDD mode and full-duplex FDD mode, and in bands 39, 40 and 41 in TDD mode. 

RAN4#86 discussed UE RF impacts of lower UE power class and made the following agreements:

· MPR tables for power class 6 for Cat-M1/M2 follow the same format as that of other power classes.

· MPRs according to the tables in R4-1802902 are used for power class 6 for Cat-M1/M2 to allow for the PA to be designed with coin cell battery operation in mind.

4.4
Gaps for dense PRS configuration

RAN4#86 discussed measurement gaps for dense PRS and made the following agreements:

· More than one new measurement gap pattern are introduced to support dense PRS

· FFS wether the same gap patterns can be used for both FDD and TDD

· The new measurement gap patterns are specified in 36.133

· Gap pattern ID is signalled to the UE

· New measurement gap patterns are characterized by:

· MGL > 6

· MGL not longer than the number of PRS subframes needed to meet RSTD requirements + 2 subframes for switching

· MGL/MGRP < X, X is TBD

· UE may indicate a preferred measurement gap pattern ID

· A measurement gap pattern with a longer MGL may be indicated for CEModeB and a shorter MGL for CEModeA

· RAN4 to discuss and specify applicable requirements also for UE configured with both a measurement gap pattern for RRM measurements and a new measurement gap pattern for RSTD measurements

· RAN4 to discuss the impact of new measurement gap patterns on RLM

4.5
Reduced system acquisition time
RAN4#84 discussed reduced MIB acquisition time and made the following agreements:

· Agreements (from agreed WF i in R4-1708687):

· Interested companies are encouraged to provide: 

· CDF curves for enhanced MIB detection time in specified scenarios

· Decoding based on constructive combination of PBCH reception from two 40ms periods (MIB TTIs) 

· UE complexity analysis:
· Impact on memory utilization
· Impact on power consumption
· Impact on algorithm complexity

· Scenarios:

· Ês/Iot {-15, -12} dB

· FDD & TDD

· PBCH repetition as per Rel-13 for sys BW = 10MHz

· Tx diversity, Tx Ant = 2

· Propagation conditions {AWGN, ETU 1Hz, EPA 1Hz}

RAN4#84 discussed reduced SI acquisition time and made the following agreements:

· Agreements (from agreed WF i in R4-1709004):

· Companies are encouraged to provide the simulation results for SI acquisition time by assuming eFeMTC UE accumulates PDSCH for SI transmission across SIB1-BR/SI window.
· Agreed simulation assumptions:
· Simulation assumptions for SIB1-BR and SIB2 in agreed WF in R4-1709004
RAN4#84bis discussed reduced SI acquisition time and made the following agreements:

· Agreements on specification impacts (from agreed WF i in R4-1711626):

· Core part impacted by SI requirements

· CGI reading delay requirements
· Test case impacted by SI requirements

· Cell reselection
· RRC re-establishment
· Handover
· RRC redirection
· Agreements on MIB acquisition (from agreed WF i in R4-1711626):

· Companies are encouraged to investigate MIB acquisition time performance with enhanced MIB decoding

· Simulation assumption: R4-1708687, “WF on Reduced MIB Acquisition Time for efeMTC”, Ericsson, Qualcomm.

· Example of enhanced MIB decoding: R1-152190, “PBCH repetition for MTC”, Ericsson.

· Combining of MIB across consecutive MIB TTIs

· Agreements on SIB acquisition (from agreed WF i in R4-1711626):

· RAN4 will define new TSI for Rel-15 BL/CE UE with the assumption that UE can accumulate PDSCH for SIB1/SIB2 within BCCH modification period.

· TSI defines the time required for receiving all the relevant system information

· UE can assume that BS does not change the SIB1/SIB2 contents within the BCCH modification period.

· Companies are encouraged to investigate SIB1/SIB2 acquisition time performance with the assumption above

· Simulation assumption: R4-1709004, “Way forward on SI acquisition time improvement for eFeMTC”

RAN4#85 discussed reduced SI acquisition time and made the following agreements:

· In principle, for Rel-15 BL/CE UE with CE Mode B requirements of RRC re-establishment, Cell selection, or Handover, it is proposed to use the same term to refer to the system information acquisition time TSI or TSI-EUTRA-M1-CEModeB, but set a shorter value in the corresponding test cases. 

· NOTE: More checking of the term is needed case by case

· Send LS response to RAN1/RAN2 where RAN4 concluded the cross-TTI MIB decoder and SIB accumulation across SI window is beneficial to improve the SI reading performance.
· An LS was sent to RAN1 and RAN2 in R4-1713855
RAN4#86 discussed reduced system acquisition time and made the following agreements:

· RAN4 shall specify new CGI reading delay requirements for category M1/M2 UE in CE Mode B (Tbasic_identify_CGI_Cat M1,intra) from Rel-15 with the assumption that UE can combine PBCH across 40ms of PBCH TTI and accumulate SIB1-BR across 80ms of SIB1-BR TTI.
· RAN4 agreed the simulation assumptions for CGI reading time in R4-1802365
· RAN4 sent an LS on EARFCN provisioning (for MTC and NB-IoT) to RAN2 and CT1 (cc RAN1 and CT6) in R4-1803078
4.6
Frequency-domain CRS muting
RAN4#83 discussed the LS from RAN1 for CRS muting and agreed to continue to discuss it in next meeting.

RAN4#84 discussed PRB margins for frequency-domain CRS muting and made the following agreements:

· Agreements (from agreed WF in R4-1708701):

· Companies are encouraged to bring the investigation results if Cat-M1/M2 UE can use CRS on X PRB(s) outside the narrowbands/wideband where PDSCH is transmitted. 
· Companies are also encouraged to bring the investigation results if Cat-M1/M2 UE use CRS on Y subframe(s) before/after the PDSCH transmission.
· Agreed simulation assumptions:
· Simulation assumptions in agreed WF in R4-1708701
RAN4#84 discussed RRM impacts of frequency-domain CRS muting and made the following agreements:

· Agreements for Cat-M1 (from agreed WF i in R4-1709085):
· CRS is always transmitted over the center 6 PRBs

· For cat-M1 UEs, CRS is also transmitted over the part of the cell bandwidth (1.4 MHz) where the UE reception is configured during following occasions:

· Subframe containing SIBs  

· Paging occasions

· Scheduled subframes 

· DRX ON durations

· Configured MPDDCH monitoring 

· RACH occasions (e.g. during Msg 2/4 reception)

· FFS if additional CRS for CSI measurement in subframes outside the MPDCCH search space 

· CRS is transmitted over the UR RF bandwidth Y1 subframes before and Y2 subframes after the abovementioned UE RF transmission and reception occasions to “warm up” and “cool down”:

· Y1 is warm up time: Y1 is FFS

· Y2 is the cool down time: Y2 is FFS

· Agreements for Cat-M2 (from agreed WF i in R4-1709085):
· CRS is always transmitted over the center 6 PRBs

· For cat-M2 UEs, CRS is also transmitted over the part of the cell bandwidth (5 MHz) where the UE reception is configured during following UE reception occasions:

· Subframe containing SIBs  
· Paging occasions
· Scheduled subframes 
· DRX ON durations
· Configured MPDDCH monitoring 
· RACH occasions (e.g. during Msg 2/4 reception)

· FFS if additional CRS for CSI measurement in subframes outside the MPDCCH search space

· In addition, CRS is also transmitted over central 24 RBs within the cell bandwidth prior to following UE transmission occasions:

· Random Access
· SRS
· PUCCH/PUSCH
· CRS is transmitted over the UR RF bandwidth Y1 subframes before and Y2 subframes after the abovementioned UE RF transmission and reception occasions to “warm up” and “cool down”:

· Y1 is warm up time: Y1 is FFS

· Y2 is the cool down time: Y2 is FFS

· Agreements for Cat-M1/M2 (from agreed WF i in R4-1709085):
· Whether CRS over full cell bandwidth is needed for frequency scanning is FFS.

· Interested UE companies are encouraged to provide more information on the impact for frequency scanning due to CRS muting.
RAN4#84bis discussed RRM impacts of frequency-domain CRS muting and made the following agreements:

· Cat M1/M2 in CE Mode A: 

· Warmup period before active time of DRX (e.g. DRX ON, MIB, paging, SIBx etc): 

· 1 DL subframe 

· Cool down period before active time of DRX: 

· 0 DL subframe 

· Cat M1/M2 in CE Mode B: 

· Warmup period before active time of DRX (e.g. DRX ON, MIB, paging, SIBx etc): 

· TBD DL subframe 

· Cool down period before active time of DRX: 

· 0 DL subframe 

· CRS transmission in the center of cell BW for Cat M2:

· X central PRBs containing CRS are always transmitted

· Analyze value of X by taking into account:

· UE implementation aspects and

· System impact.

· Band scanning/initial cell search for Cat M1/M2:

· CRS Light up configuration: 

· CRS transmission over Y central PRBs within the cell BW in N subframe(s) once every M subframes 

· Y = FFS. Potential value of Y = full BW, other values are not precluded.

· N = 1

· M = FFS. Potential value of M = 5, 10 and 20 (one value will be selected based on investigation). 

· Investigate M and Y based on UE implementation and 

· System impact.

· Need of pre-provisioning of EARFCN of carrier with CRS muting is FFS
RAN4#85 discussed RRM impacts of frequency-domain CRS muting and made the following agreements:

· Agreements on initial cell acquisition (from agreed WF i in R4-1713854):
· Pre-provisioning of EARFCN isCRS transmissions are switched ON over full BW in 1 DL subframe
· Option 1: every 20 ms
· Option 2: every 10 ms
· RAN4 found it beneficial for eMTC UE to have pre-provisioning of EARFCN for eMTC cell to facilitate initial cell search
· beneficial irrespective of CRS muting but benefit is bigger when CRS is muted in the cell
· Agreements on warm-up period (from agreed WF i in R4-1713854):
· Warm up period for UEs in CEModeB is defined as 1 DL subframe.
· Agreements on CRS transmission BW for Cat-M2 in center frequency (from agreed WF i in R4-1713854):
· Option 1:
· CRS transmission BW in the center frequency and corresponding UE timing requirements are defined as follows:
	CRS transmission BW in the center frequency
	CRS transmissions BW within UE BW in warm-up subframes [RB]
	UE Doppler frequency (V)
	Timing error (Te_)

	6 RBs
	24
	V < 220 Hz 
	24*Ts

	24 RBs
	24
	V ≥ 220 Hz
	12*Ts


· Option 2:
· 6  RB for eMTC cell that supports only CEModeA UE

· 24  RB for eMTC cell that supports both CEModeA and CEModeB UE

· Option 3:
· 12 RB
· Other options are not precluded.
· Agreements on network signaling (from agreed WF i in R4-1713854):
· FFS whether eNB should indicate CRS muting and its associated location and timing information in cell-specific broadcast signaling
· Rel-15 UE can optimize receiver/transmit algorithm depending on whether CRS muting is enabled in the eMTC cell or not
· Agreements on positioning (from agreed WF i in R4-1713854):
· RSTD measurements
· When CRS muting is used with eFeMTC, CRS shall not be muted in PRS subframes within the UE bandwidth in the measured cell and the existing FeMTC RSTD requirements shall apply.

· UE Rx-Tx measurements for E-CID

· For UE Rx-Tx time difference measurements, the existing requirements provided CRS are available within the UE bandwidth in the serving cell during the UE Rx-Tx measurement period. 

· RSRP and RSRQ measurements for E-CID

· For RSRP and RSRQ measurements for E-CID, the same principles with respect to CRS muting apply as for general RRM measurements in RRC_CONNECTED.

· Transmit timing retuing during UL transmission gap

· CRS transmission shall be assumed over center 6 PRBs during the UL gap for category M1

· CRS transmission shall be assumed over center 24 PRBs during the UL gap for category M2

RAN4#85 discussed demodulation impacts of frequency-domain CRS muting and made the following agreements:

· Necessary amounts of CRS for BL UEs as follows (from agreed WF i in R4-1714247):
· Frequency domain

· X=1 for Cat-M1 (1.4MHz channel bandwidth)

· X=0 for Cat-M2 (5MHz channel bandwidth)

· Time domain

· Cool-down

· Y=1 for CRS-based PDSCH transmission at the end of last narrowband transmission (both CEModeA and CEModeB)

· Y=0 for other cases

· Warm-up

· Y=1 before target MPDCCH and PDSCH narrowband (both CEModeA and CEModeB)

· Y=0 for other cases
· For PDSCH transmission with CRS TM, eNB should provide 1 cool-down SF at the end of last narrowband transmission
· For CEModeB UE, eNB should provide 1 warm-up SF before target MPDCCH and PDSCH narrowband.
RAN4#86 discussed RRM impacts of CRS muting and made the following agreements:

· Initial cell acquisition:
· when UE has EARFCN pre-provisioning,
· UE may assume that there is no full BW CRS transmission

· when UE does not have EARFCN pre-provisioning,
· full BW CRS is transmitted in 1 DL subframe every TBD ms.  

· Muted CRS BW for category M2:
· In a cell where CRS muting is applied, RAN4 agreed that CRS are always transmitted in the following number of PRBs in the centre of the cell BW:

· 6 PRBs, or

· Category M1 transmit timing error requirements of 24*Ts applies for category M2

· 24 PRB

· If this indication is received, category M2 transmit timing error is defined as 12*Ts

· Therefore, there is a need for the network to inform UE about the number of PRBs in the central frequency of the cell bandwidth when muting is enabled.

· RAN4 sent an LS on signalling of CRS muting information to RAN2 in R4-1803492
4.7
Increased PUSCH spectral efficiency (sub-PRB allocation)
RAN4#86 discussed UE RF impacts of PUSCH sub-PRB allocation and made the following agreements:

· A-MPR need to be evaluated for sub-PRB allocation for CAT-M2 device.

· Reuse the legacy Cat-M1/M2 IBE image and LO requirement.

RAN4#86 discussed BS RF impacts of PUSCH sub-PRB allocation and made the following agreements:

· Adding the REFSENS requirement for sub-PRB allocation at BS RF

· Define new FRC for REFSENS for sub-PRB allocation at BS RF

· No need to test sub-PRB allocation REFSENS if BS also support NB-IoT feature

· No ACS/blocking requirement needed for sub-PRB allocation at BS RF

· No ICS requirement needed for sub-PRB allocation at BS RF

· No dynamic range requirement needed for sub-PRB allocation at BS RF

· No intermodulation requirement needed for sub-PRB allocation at BS RF
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