3GPP TSG-RAN WG4 Meeting #90	R4-1900326
Athens, Greece, 25th Feb – 1st March, 2019


Agenda item:	7.11.1
Source: 	Qualcomm Incorporated
Title: 	On R16 additional enhancements to MTC LTE
Document for:	Discussion
Introduction
In RAN plenary meeting #82, WID for additional enhancement to MTC was approved with the following objectives that requires RAN4 engagement [1]: 

Improved DL transmission efficiency and/or UE power consumption:
· [bookmark: _Hlk515907705]Specify quality report in MSG3 at least for EDT [RAN1, RAN2]
· Specify aperiodic quality report in connected mode using same quality definition as in Msg3 [RAN1, RAN2, RAN4]
· 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

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]

Coexistence with NR:
· Study NR and LTE specifications to identify possible issues related to coexistence of LTE-MTC with NR [RAN4, RAN1, RAN2]


It is noted that quality report for MSG3 at least in EDT does not specify RAN4 engagement but we believe it should. MTC coexistence with NR is mostly an RF-based discussion and hence not addressed here.
In this paper, we present a high-level discussion on these topics.
Improved DL transmission efficiency and/or UE power consumption
Support for MSG3 quality report:
Similar to NB-IoT, MSG3 quality report is motivated by establishing proper parameters and resources early on in the communication. By appropriately selecting the MPDCCH repetition level based on UE’s reported quality, transmission efficiency and/or power savings can be achieved. The agreements so far are [2-3]:
· DL quality report is transmitted via higher layer signaling, e.g. MAC CE or RRC message
· Enabling of DL quality report is indicated in SIB
· CRS may be used as the reference signal for measurement of DL quality metric for measurement report in MSG3
· For CE mode A (PRACH CE level 0, 1), the downlink channel quality is the repetition number and/or aggregation level that the UE needs to decode hypothetical MPDCCH with BLER of 1%
· 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%

Which narrowband(s) to report the quality on is still being debated in RAN1/RAN2 with candidates including but not limited to central NB, NB in which UE monitors RAR, or NB in which UE is supposed to receive MSG4 (as indicated in DCI of RAR). Also due to frequency hopping nature of MPDCCH, UE can measure more than one NB and, in such case, it can either report the best NB or average the measurements across NBs or send the most recent measurement. The number of bits for reporting quality in MSG3 is also not finalized yet but is likely to be similar to NB-IoT with {2,4} bits. 
Observation 1. DL channel quality report for CE mode A is the repetition number and/or aggregation level that UE needs to decode hypothetical MPDCCH with BLER 1%. For CE mode B, it is the repetition number that UE recommends to achieve a hypothetical MPDCCH decoding with BLER 1%. NBs to measure and bitwidth of the reporting field are still being discussed. 
From the perspective of RAN4, similar requirements in 36.133 as those defined for NB-IoT in Sections 6.6.2.6, 9.1.22.15, and 9.1.22.16 need to be defined. More specifically, the followings require discussion in RAN4:
· Hypothetical MPDCCH parameters for DL channel quality report in CE mode A and B
· NB(s) to measure for reporting
· N-bit reporting format (with N=2 or 4) 
· Time period(s) over which measurements over NB(s) can be performed
· Methods of reporting in case multiple NBs are measured (e.g, most recent, best, averaged)

Proposal 1. RAN4 should discuss hypothetical MPDCCH parameters for DL channel quality report in CE mode A and B, NB(s) to measure for reporting, reporting format tables, time period(s) over which measurements over NB(s) can be performed, and methods of reporting in case multiple NBs are measured. 
Aperiodic quality report in connected mode using same quality definition as in MSG3:
This item was added to WI in RAN plenary meeting #82 and discussions in RAN1/RAN2 have not yet started. The main motivation is to reuse MSG3 quality report as much as possible for aperiodic quality report in connected mode to help network adjust resource and parameter allocation in the DL. RAN4 discussion, if any, can proceed after initial discussions in RAN1/RAN2. 
MPDCCH performance improvement by using CRS:
MPDCCH performance at low SNR is limited by imperfect channel estimation. DMRS-based channel estimation processing is limited in frequency domain to PRB bundling size (PRG) as the precoder may change from PRG to PRG and is limited in time-domain to the length of the repetition size (subject to actual transmission of MPDCCH). Unlike DMRS-based channel estimation, CRS-based channel estimation enjoys full processing in time/frequency domains to its omnipresence. By signalling the relationship between MPDCCH precoder and CRS, UE can improve DMRS-based channel estimation through using CRS. The agreements so far are [4]:  
· For distributed MPDCCH, predefined mapping between CRS ports and MPDCCH DMRS ports is supported.
· For localized/distributed MPDCCH, the predefined mapping between CRS ports and MPDCCH ports is based on precoder cycling across time and frequency domain. FFS the details.
· Reuse existing LTE Rel-8 codebooks for precoding of MPDCCH is the starting point.
· Unless performance gains are identified further optimization on top of Rel-8 codebook will not be introduced
· For UE in Connected/Idle mode, the power offset between CRS and DMRS antenna ports of MPDCCH is indicated by SIB
· For UE in Idle mode, the configuration of CRS for MPDCCH performance improvement is indicated via SIB/SI. FFS the details of configuration.
· For UE in Connected mode, the configuration of CRS for MPDCCH performance improvement is indicated via UE-specific RRC signaling. FFS the details of configuration

It is not yet decided how the presence of subframes without CRS transmission (e.g., MBSFN subframes) should be handled or whether CRS can/may be used for early termination of WUS. 
Using CRS for MPDCCH decoding results in significant performance improvement. Table 1 summarizes preliminary simulation results for Test 1 of CE mode A and B in 36.101 Section 8.11.2. In these simulations, UE is assumed to know the PMI for PDCCH and power offset (0 dB) with respect to CRS. 
Table 1 Performance improvement in MPDCCH decoding using CRS
	Test
	CE Mode A Improvement
	CE Mode B Improvement

	Test 1 
Section 8.11.2
	1.0 dB
	1.0 dB



Observation 2. Using CRS for MPDCCH decoding results in significant performance improvement. 
Hence, RAN4 should define new requirements for at least a subset of MPDCCH tests in Section 8.11.2 of 36.101 for UE that is capable of using CRS for MPDCCH decoding. Moreover, requirements for a UE that is capable of both CRS IM and using CRS to improve MPDCCH performance may have to be different compared to a UE that is not capable of CRS IM. This is because for UEs capable of CRS IM, CRS transmission is guaranteed only in 1 subframe before the start of MPDCCH (N1=1) and all MPDCCH subframes. Hence, quality of CRS channel estimate may be different compared to UEs that do long-term averaging of CRS channel estimate. 
Proposal 2. RAN4 should define new requirements for at least a subset of MPDCCH tests in Section 8.11.2 of 36.101 for UE that is capable of using CRS for MPDCCH decoding. New requirements may have to be different for UEs that are capable of CRS IM or not since CRS transmission is present in only N1=1 subframe before start of MPDCCH.  
Support of UE-group WUS:
In R16 MTC, a new MWUS sequence known as UE-group MWUS will be introduced. A group of UEs will be associated with a UE-group MWUS. When one or more UEs in a group is paged, the associated UE-group MWUS will be transmitted before the paging occasion waking up all the UEs in the group. This is in contrast to legacy R15 MWUS which wakes up all UEs configured to monitor it. This improves power consumption for UEs supporting R16 MWUS. 
Design aspects of UE-group MWUS is still under consideration in RAN1. However, the following agreements have been made [5-6]:
· UE-group WUSs are only multiplexed in the same NB as associated PO
· 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
· Note that the UE-group MWUS is UE optional
· UE grouping is based on at least UE ID or some function of UE ID
· The legacy UE should not be prevented from using legacy WUS even in the case of Rel-16 group WUS is enabled
· Group WUS is based on at least legacy WUS and UE-group ID.
· Configuration of group WUS is at least signaled in SI. The number of UE groups is configurable and broadcasted in SIB.
· UE group ID is used as a parameter to generate WUS UE group sequence(s).
· One group WUS is designed as a single sequence
· A Rel-16 group WUS capable UE shall also be capable of Rel-15 legacy WUS
· Rel-16 group WUS uses the same gap configurations as for Rel-15 legacy WUS except for differences from possible TDM

Multiplexing schemes of UE-group MWUS with legacy MWUS is still under discussion in RAN1. The candidates are shown in Figure 1 [7]. The legacy MWUS without UE grouping is shown in Figure 1(a) as a reference, where the transmit power Ptx is only used on two PRBs. 

[image: ]
Figure 1 Multiplexing schemes of UE-group MWUS and legacy MWUS

In Figure 1(b) TDM scheme, same transmit power, Ptx is used for each MWUS. Hence, MWUS monitored by legacy UE is not impacted by new UE-group MWUS. The UE-group MWUS is configured by using different starting subframes, separated by the max MWUS duration, L. The total reserved time required for TDMed MWUS is G*L. There is no power sharing of different MWUS. But smaller G and/or shorter duration of L may be needed to limit the overhead and delay. 
In Figure 1(c), FDM scheme is illustrated. If eNB does not boost the power, the transmit power, Ptx is shared among all MWUS groups that are being transmitted simultaneously. Assuming G is the configured number of UE groups, each MWUS has only Ptx/G power so the MWUS duration has to be increased G times, relative to Figure 1(a) and (b), to achieve a similar performance. The max duration of G*L has to be configured to consider the worst case for multi-MWUS transmission, unless eNB can do G times of power boosting.
[bookmark: _Hlk520973053][bookmark: _Hlk521312196][bookmark: _Hlk521312202]In Figure 1(d), the multi-sequence CDM allows transmission of multiple MWUS simultaneously. Similar to FDM scheme, in case of no power boosting in eNB, each MWUS has only Ptx/G power. The duration of CDMed MWUS may be further increased due to the inter-group interference based on non-orthogonal sequences, costing G(1+DL/L) times of network resources and UE power consumption as well.
In Figure 1(e), single-sequence CDM does not allow to transmit more than one MWUS simultaneously. The legacy MWUS acts as a common MWUS to be sent when legacy UE or any new UEs in more than one group have paging in the associated PO. The UE-group MWUS (i.e., not the common one) will only be selected if there is paging for a single group. Single-sequence CDM has no issue of power sharing or additional overhead/latency. However, the main issue is that it sacrifices the power saving gain. The legacy WUS will wake up all UEs even if only 1% legacy UEs in the system. The paging of new UEs also give negative impact on the legacy UE power saving as well. It is contradictory to the motivation of introducing UE-group MWUS. Therefore, single-sequence CDM is worse than TDM, FDM or multi-sequence CDM from the power saving perspective.
Regardless of multiplexing scheme, it is evident that a R16 UE needs to monitor at least two types of MWUS:
· Legacy MWUS also known as common MWUS
· UE-group MWUS

If the resources for legacy MWUS and UE-group MWUS are colliding (e.g., multi sequence CDM as in Figure 1-(d) ), there may be an impact on probability of false alarm (PFA) and/or probability of miss-detection (Pmis) when UE has to monitor legacy MWUS or both legacy and UE-group MWUS.
Observation 3. R16 UE needs to monitor at least two types of MWUS: legacy (or common) MWUS and UE-group MWUS. Depending on their multiplexing scheme, there may be an impact on PFA and/or Pmis when UE has to monitor common or both common and UE-group based MWUS.
Current MWUS requirements in 36.133 indicate the minimum number of repetitions (subframes) for MWUS in normal and enhanced coverage for 1Tx and 2Tx in different DRX cycles. For R16, it is necessary to define these requirements for UE-group MWUS.
Proposal 3. For R16, at least similar requirements (MWUS minimum number of repetitions) need to be defined for UE-group MWUS. 
Improved UL transmission efficiency and/or UE power consumption
Support for transmission in preconfigured resources:
Preconfigured uplink resources (PUR) for grant-free transmission of data is being discussed in RAN1 as a method for improving UL transmission efficiency and/or UE power consumption. So far, the effort has been on idle mode only. Different modes of resource allocation in PUR is under consideration:
· Dedicated PUR: PUSCH resource in time-frequency used by a single UE; contention-free
· Contention-free shared (CFS) PUR: PUSCH resource in time-frequency simultaneously used by more than one UE; contention-free
· Contention-based shared (CBS) PUR: PUSCH resource in time-frequency simultaneously used by more than one UE; may require contention resolution

The agreements so far are [8]:
· For transmission in preconfigured UL resources, the UE may use the latest TA of which its validity can be confirmed
· In IDLE mode, HARQ is supported for transmission in dedicated PUR
· In idle mode, dedicated PUR is supported
· For UL transmission in preconfigured resource, fallback mechanism to RACH/EDT procedures is supported.
· For transmission in preconfigured UL resources, an RRC idle UE may use the latest TA that passed the validation criteria
· Pre-configured UL resources for transmission of data are indicated by RRC signaling. At least UE-specific RRC signaling is supported.
· If multi-TB grant is not enabled, a dedicated PUR allocation is associated to only a single TB and single HARQ process 
· In idle mode, at least the following TA validation attributes are supported:
· 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)
· Based on RSRP measurement definition in existing Rel-15 TS36.214
· The UE can be configured to use at least these TA validation attributes:
· Time Alignment Timer for idle mode 
· Serving cell RSRP changes 
· Note: the configuration shall support disabling of the TA validation attributes
· For dedicated PUR in idle mode, upon successful decoding by eNB of a PUR transmission, the UE can expect an explicit ACK 
· For dedicated PUR in idle mode, upon unsuccessful decoding by eNB of a PUR transmission, the UE can expect
· an UL GRANT for retransmission on the MPDCCH, or  
· FFS: a NACK, or
· FFS: no explicit ACK 

In our view, RAN4 should define how serving cell RSRP changes would invalidate TA. In defining the serving cell RSRP changes, comparison of the absolute value with a threshold or comparison of change/difference with a threshold can be adopted. The advantage of the later is that it removes any persistent bias in RSRP measurement. Intra-frequency RSRP measurement accuracy requirements are defined in Section 9.1.21 of 36.133 where both relative and absolute accuracy requirements are defined for CE mode A and B in normal and extreme conditions. If serving cell RSRP change is decided to be defined in absolute terms, the absolute accuracy requirements in Section 9.1.21 can be used as a starting point. If serving cell RSRP change is decided to be defined in relative terms, the relative accuracy requirements in Section 9.1.21 can be used as a starting point. 
Observation 4. In idle mode, serving cell RSRP change is supported as an attribute for TA validation. Serving cell RSRP change can be measured in absolute or relative manner. The advantage of differential (relative) RSRP measurement is removal of persistent bias in measurement accuracy. 
Proposal 4. Serving cell differential (relative) RSRP change to be used for TA validation. Existing requirements in Section 9.1.21 of 36.133 for intra-frequency relative measurement accuracy may be used as a starting point.  

Extreme coverage for non-BL UEs
There has not been much discussion on enhancements to idle mode mobility or 2-Rx antennas and full duplex FDD. Depending on the agreements, RAN4 may need to define new requirements for PDSCH and MPDCCH demodulation performance for 2-Rx since all existing tests assume 1-Rx antenna. Also, ETWS/CMAS in connected mode does not require RAN4 engagement. In the following, we discuss the remaining two topics.
Dual layer DL reception:
In normal coverage, capacity increases linearly with the number of transmission layers and the dual layer transmission can achieve higher throughput compared to single layer transmission. However, for the non-BL UE operating in the extended coverage, the throughput gain by using dual layer are not clear due to the relatively low SNR region since a low rank of the channel matrix is typically observed for the low SNR and the possibility for dual layer transmission is very low. In other words, enabling dual layer transmission in the low SNR region requires configuring a larger number of repetitions, which in turn decreases the throughput. 

Hence, support of dual layer reception for the non-BL UE operating in extended coverage needs to be studied and proven. To evaluate the performance benefit of dual layer in the low SNR region, link level simulations were conducted in [9]. A single UE with a fixed rank of 1 or 2 with different number of repetitions was simulated. Wideband PMI with periodicity of 10ms is fed back by UE used for precoding the PDSCH. From the simulation result show in Figure 1, it is observed that dual layer transmission performs much worse than single layer for the SNR range from -5dB to 0dB, which is aligned with the CE mode A operation. The results further verify our view that a low channel rank is observed for the low SNR region and in such case, it is better to use more RX antenna to achieve diversity gains instead of increasing the number of data streams. 
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Figure 1: Comparison of single and dual layer transmission with different of repetitions

Observation 5. Dual-layer downlink transmission performs much worse than single layer for the SNR range from -5dB to 0dB. 
Additionally, and to focus on the physical layer performance at low SNR of multi-layer schemes, performance  of  TM2 vs 2-layer TM3 with fixed MCS, rank-2 AWGN channel, HARQ with up to 4 retransmissions, 25PRB allocation were compared. The results are shown in Figure 2. It can be observed that for the region of interest (below -5dB SNR) the performance of TM2 is comparable or better than that of TM3. No significant gain in TM3 is observed in the regime where the throughput of TM2 does not saturate.
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Figure 2 TM3 vs TM2 performance for fixed MCS (left) and envelope (right)
Observation 6: No throughput gain is observed for TM3 dual layer transmission over TM2 transmission under extended coverage. 
Some companies have stated the SNR above 0dB shall also be valid operation point for CE mode A since a repetition level of one is allowed in CE mode A. BL UEs can certainly operate above more than 0dB. However, non-BL UEs shall should change to non-BL reception when the SNR becomes good for enjoying high data throughput. There are some arguments on power saving for the non-BL UEs operating in narrowband compared to the wideband reception; non-BL UE receives DL control via MPDCCH in a narrowband of 6 PRBs instead of the wideband PDCCH. However, since the narrowband MPDCCH spans the entire subframe, it does not allow for micro sleep, which is possible for PDCCH reception; i.e., upon no detection of PDCCH in the first 3 symbols of the subframe UE can go to sleep for the rest of the subframe for power saving. Table 2 compares the power consumption for monitoring MPDCCH and PDCCH for different system bandwidth. No power saving gain is observed for the narrowband MPDCCH monitoring. Due to the usage of micro sleep, the PDCCH monitoring for 10MHz system bandwidth requires even less power than monitoring the narrowband MPDCCH.
Table 2: Comparison of power consumption for MPDCCH and PDCCH monitoring
	Case
	Power Consumption

	MPDCCH
	P

	PDCCH @ 10 MHz
	0.87P

	PDCCH @ 20 MHz
	0.99P



Observation 7. No power saving is observed for narrowband MPDCCH monitoring compared to wideband PDCCH monitoring at the high SNR.

Therefore, we propose 
Proposal 5. Dual layer downlink reception is not supported for the non-BL UEs in CE mode A 
Feedback based on CSI-RS:
In eMTC, transmission mode 1, 6 and 9 can be configured for downlink transmission. TM1 and 6 use CRS for PDSCH data demodulation and TM9 is based on UE specific DMRS. For CSI feedback, CRS is used even for TM9. The potential issue for CSI feedback using CRS in TM9 is the misalignment between antenna ports for CSI measurement and those for PDSCH transmission since the number of CRS ports is only up to 4 but the number of antenna ports for PDSCH transmission in TM9 can be up to 8. Due to this misalignment, the reported CQI may underestimate the actual channel quality thus degrading the PDSCH performance. Since CSI-RS is used for CSI feedback for TM9 in LTE, it seems straightforward to use also CSI-RS for the non-BL UE in TM9.

To support feedback based on CSI-RS for the non-BL UE, the followings should be considered. 

Firstly, the CSI feedback overhead will be increased. Currently, when PUCCH reporting mode 1-1 is configured, the BL/CE UE is required to report CQI and a 2-ports or 4-ports wideband PMI. When using CSI-RS for CSI feedback, the subband PMI feedback may need to be supported. Additionally, if up to 8 CSI-RS ports are supported then the PMI payload is increased to a maximum 8 bits. Therefore, it is not possible to feedback all the CSI including RI, CQI and PMI within one CSI report. Similar to LTE, at least two reports are needed for PUCCH mode 1-1, one for RI/W1 and the other for W2/CQI. Multiple CSI reports will result in error propagation and increase the feedback latency. 
Observation 8. The CSI-RS based CSI feedback will increase the feedback overhead and latency 
Secondly, when CSI-RS is used for CSI measurement, UE may need to measure the CSI-RS in multiple subframes to derive the CQI. Unlike CRS, the CSI-RS is not transmitted in every downlink subframe. The minimum CSI-RS periodicity in LTE is 5ms which means a total measurement duration of 160ms for 32 CSI subframe repetitions. The long measurement duration not only increases UE power consumption but also increase the CSI feedback latency. It is also noted that the BL/CE UE is not aware of CSI-RS and the transmission of CSI-RS will puncture the DL transmission to the BL/CE UE and thus degrade the performance.
Observation 9. The CSI-RS based CSI feedback will affect the DL transmission to the BL/CE UE 
Based on the above discussion, we therefore propose not to support CSI-RS based CSI feedback. 
Proposal 6. CSI feedback based on CSI-RS is not supported for the non-BL UEs in CE mode A 
Stand-alone deployment
Enable the use of LTE control channel region for DL transmission (MPDCCH/PDSCH) to BL/CE UEs improves resource utilization efficiency and is considered in R16. The agreements so far are [10]:
· Support PDSCH broadcast transmission in LTE control channel region
· LTE control channel can be used for MPDCCH that is used to schedule broadcast PDSCH channel
· For MPDCCH transmission in LTE control region, part of the MPDCCH are mapped into the LTE DL control region.
· For PDSCH transmission in LTE control region, rate-matching is done using legacy mapping then wrap around starting with OFDM symbol 0.

With LTE control region used for DL transmission to BL/CE UEs, the effective code rate is lowered. For instance, for MPDCCH with K=29 bits, 16-bit CRC, aggregation level of 2, QPSK modulation and 2 CRS ports, code rate is 0.47 if LTE control region is not used. It decreases to 0.35 when LTE control region is used. 
Observation 10. Code rate is reduced with using DL control region for DL transmission (MPDCCH/PDSCH) to BL/CE UEs. 
Hence, RAN4 should define new performance requirements for UEs capable of supporting this feature. 
Proposal 7. RAN4 to define new performance requirements for MPDCCH and PDSCH for UEs supporting stand-alone deployment.  
Mobility enhancements: 
Use of RSS for measurement improvements:
This topic is discussed in source company’s reply to LS from RAN1 (R1-1811934) [11]. Conclusions are summarized here for reference.


Relaxation of RRM measurements for serving cell for UEs using WUS:
This is similar to R15 feature of the same nature in NB-IoT with requirements defined in TS36.133 Section 4.6.2.1A for normal coverage and Section 4.6.2.3A for enhanced coverage. Relaxation of RRM measurements for serving cell for UEs using WUS brings power saving gains. RAN4 has defined the conditions for UE entering relaxed RRM measurement state for serving cell in addition to relaxation factor (N). Similar requirements should be defined for eMTC in Sections 4.7.2.1.1 and 4.7.2.2.1. 
Proposal. RAN4 to define conditions for entering relaxed RRM measurement state for serving and relaxation factor (N) for normal and enhanced coverage in Sections 4.6.2.1.1 and 4.7.2.2.1. 

Conclusions
On support for MSG3 quality report:
Observation 1. DL channel quality report for CE mode A is the repetition number and/or aggregation level that UE needs to decode hypothetical MPDCCH with BLER 1%. For CE mode B, it is the repetition number that UE recommends to achieve a hypothetical MPDCCH decoding with BLER 1%. NBs to measure and bitwidth of the reporting field are still being discussed. 
Proposal 1. RAN4 should discuss hypothetical MPDCCH parameters for DL channel quality report in CE mode A and B, NB(s) to measure for reporting, reporting format tables, time period(s) over which measurements over NB(s) can be performed, and methods of reporting in case multiple NBs are measured. 
On MPDCCH performance improvement by using CRS:
Observation 2. Using CRS for MPDCCH decoding results in significant performance improvement. 
Proposal 2. RAN4 should define new requirements for at least a subset of MPDCCH tests in Section 8.11.2 of 36.101 for UE that is capable of using CRS for MPDCCH decoding. New requirements may have to be different for UEs that are capable of CRS IM or not since CRS transmission is present in only N1=1 subframe before start of MPDCCH.  
On support of UE-group MWUS:
Observation 3. R16 UE needs to monitor at least two types of MWUS: legacy (or common) MWUS and UE-group MWUS. Depending on their multiplexing scheme, there may be an impact on PFA and/or Pmis when UE has to monitor common or both common and UE-group based MWUS.
Proposal 3. For R16, at least similar requirements (MWUS minimum number of repetitions) need to be defined for UE-group MWUS. 
On support for PUR:
Observation 4. In idle mode, serving cell RSRP change is supported as an attribute for TA validation. Serving cell RSRP change can be measured in absolute or relative manner. The advantage of differential (relative) RSRP measurement is removal of persistent bias in measurement accuracy. 
Proposal 4. Serving cell differential (relative) RSRP change to be used for TA validation. Existing requirements in Section 9.1.21 of 36.133 for intra-frequency relative measurement accuracy may be used as a starting point.  
On extreme coverage for non-BL UEs:
Observation 5. Dual-layer downlink transmission performs much worse than single layer for the SNR range from -5dB to 0dB. 
Observation 6: No throughput gain is observed for TM3 dual layer transmission over TM2 transmission under extended coverage. 
Observation 7. No power saving is observed for narrowband MPDCCH monitoring compared to wideband PDCCH monitoring at the high SNR.
Proposal 5. Dual layer downlink reception is not supported for the non-BL UEs in CE mode A 
Observation 8. The CSI-RS based CSI feedback will increase the feedback overhead and latency 
Observation 9. The CSI-RS based CSI feedback will affect the DL transmission to the BL/CE UE 
Proposal 6. CSI feedback based on CSI-RS is not supported for the non-BL UEs in CE mode A 
On stand-alone deployment:
Observation 10. Code rate is reduced with using DL control region for DL transmission (MPDCCH/PDSCH) to BL/CE UEs. 
Proposal 7. RAN4 to define new performance requirements for MPDCCH and PDSCH for UEs supporting stand-alone deployment.  
On mobility enhancements:

Proposal. RAN4 to define conditions for entering relaxed RRM measurement state for serving and relaxation factor (N) for normal and enhanced coverage in Sections 4.6.2.1.1 and 4.7.2.2.1. 
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