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1. Introduction

In RAN#80, a new WI [1] for Rel-16 eMTC enhancement was approved. RAN4#90 is the first meeting for RRM related work. In this paper, we will provide our initial analysis on the potential RRM impacts for the following objective.
	Improved DL transmission efficiency and/or UE power consumption:
· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]

· Specify quality report in MSG3 at least for EDT [RAN1, RAN2]

· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]

· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]


2. Discussion
2.1. Channel quality report in Msg3

The quality report in Msg3 has RRM impact. The feature is to enable UE to indicate the channel quality in Msg3 so that it can be used by the network for scheduling the UE in DL and/or UL for following control/data transmissions. The feature has been discussed in RAN1 for 3 meetings, and related agreements are as follows.

	RAN1#94
Agreement

Prioritize the following alternatives for DL quality report in Msg3 in MTC, for CE Mode A and CE Mode B separately:
· CQI (for CE Mode A)
· Repetition number related to UE decoding of actual or hypothetical MPDCCH/PDSCH 

· FFS if aggregation level needs to be reported when repetition number equal to 1
· RSRP/RSRQ
Agreement

Whether the DL quality report is included in Msg3 is indicated in SIB and/or RAR. 
Above applies in case the UE supports DL quality report in Msg3.
RAN1#94bis
Agreement
For CE mode A (PRACH CE level 0, 1), the downlink channel quality is down-selected among the following in RAN1#95:
· CQI
· The repetition number and/or aggregation level that the UE needs to decode hypothetical MPDCCH with BLER of 1%
· Support both CQI and repetition number and/or aggregation level that the UE needs to decode hypothetical MPDCCH with BLER of 1%
Agreement

For CE Mode B, the downlink channel quality reported in Msg3 is denoted as the repetition number that the UE recommends to achieve a hypothetical MPDCCH decoding BLER of 1%
Agreement
CRS may be used as the reference signal for measurement of DL quality metric for measurement report in Msg3.
Agreement
Enabling of DL quality report is indicated in SIB.
RAN1#95

Agreement

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% 
Agreement

DL quality report is transmitted via higher layer signaling, e.g. MAC CE or RRC message


It can be seen that for 

· CEModeA: the channel quality is denoted as the repetition number and/or aggregation level that the UE needs to decode hypothetical MPDCCH with BLER of 1%
· CEModeB: 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%
This is quite similar to the definition used in Rel-14 NB-IoT, which is the NPDCCH repetition level to satisfy the hypothetical NPDCCH block error rate of 1%. For Rel-14 NB-IoT, RAN4 has specified the related RRM requriements, inclduing

· The hypothetical PDCCH parameters and the evaluation period (6.6.2.6)
· The report mapping (9.1.22.15)
· The measurement accuracy (9.1.22.16)

In our view, since the format of the report is similar between NB-IoT and eMTC, the framework of NB-IoT requirements can be re-used for eMTC. Of course, there will be some differences, e.g. the PDCCH parameters and the report mapping. The details could be discussed based on further agreements from RAN1 and RAN2.

Proposal 1: The framework of NB-IoT requirements for channel quality report in Msg3 is re-used for eMTC, including
· hypothetical PDCCH parameters and the evaluation period
· report mapping
· measurement accuracy

The detailed requirements for eMTC are discussed based on further agreements from RAN1/2.
2.2. Group WUS
The introduction of group WUS may have RRM impacts. WUS has been introduced in Rel-15 eMTC to enable UE to save power in reading paging if it does not detect WUS before the paging occasions. Group WUS is introduced in Rel-16 to further reduce the false alarm 

	RAN1#94
Agreement
UE-group WUSs are only multiplexed in the same NB as associated PO

· FFS TDM/FDM/CDM for UE-group MWUS multiplexing

Agreement

· UE-group MWUS is supported based on eNB’s and UE’s capability.

· Whether the network supports UE-group MWUS is done by higher layer signalling.

· FFS: The number of UE groups is configured by SIB.

· Note that the UE-group MWUS is UE optional

Agreement
Rel-16 UE-group MWUS sequence should consider at least

· Fallback to legacy UE behavior

· Inter-cell interference randomization

· UE group ID for different UE-group MWUS

· Reuse of Rel-15 sequences is not precluded

· Effect of sequence detection on UE complexity
Agreement

Study the RAN1 consequence of UE-grouping on the following basis:
· UE ID

· Coverage

· DRX/eDRX

· Gap configuration

· Services
RAN1#94bis
Agreement

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

The legacy UE should not be prevented from using legacy WUS even in the case of Rel-16 group WUS is enabled

· Performance impact on legacy WUS should be carefully considered

Agreement

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

Agreement

Configuration of group WUS is at least signaled in SI
Agreement

A Rel-16 group WUS capable UE shall also be capable of Rel-15 legacy WUS
RAN1#95

Agreement 

For multiplexing between Rel-16 UE-group WUS and Rel-15 WUS, further evaluate and down select among the following options

· TDM

· FDM

· single-seq CDM

· single-seq CDM+TDM

· single-seq CDM+FDM

· FFS whether legacy WUS is the common WUS for all new UEs or only a part of new UEs.
Agreement
For multiplexing between different Rel-16 UE-group WUS, further evaluate and down select among the following options

· single-seq CDM

· FDM

· single-seq CDM+TDM

· single-seq CDM+FDM

Note: At least the maximum number of UE groups should be considered.

Agreement
The number of UE groups is configurable and broadcasted in SIB.

· FFS: Further details on the number of UE groups. For example, whether it is per PO or per gap configuration of a PO

Agreement

UE group ID is used as a parameter to generate WUS UE group sequence(s).

Agreement

One group WUS is designed as a single sequence

Agreement: Further study false detection (cross/auto correlation) performance properties for the following designs:

· Legacy WUS + cover codes,

· Legacy WUS + shifted scrambling codes,

· Legacy WUS + phase shift + cover code + scrambling bits

· Including combinations of phase shift, cover code, and/or scrambling bits

Other designs are not precluded.
Agreement

· Rel-16 group WUS uses the same gap configurations as for Rel-15 legacy WUS except for differences from possible TDM.

· No new gap higher layer signaling will be introduced for TDM


It can be seen that RAN1 has not finalized the design of group WUS. In Rel-15, RAN4 has defined WUS reception requirements in section 4.7.2.3, in the form of required number of WUS repetitions that UE needs to correctly detect the presence/absence of WUS at certain SNR conditions (-6dB for normal coverage and -12dB for enhanced coverage).

For Rel-16 group WUS, similar requirements may be needed depending on the RAN1 design. For example, if different sequence is used, the performance may be different. Also, the multiplexing scheme between the group WUS may also impact the detection performance, e.g. if CDM is used. In addition, the multiplexing between Rel-16 group WUS and Rel-15 WUS may impact the performance of both Rel-16 UE and Rel-15 UE, and RAN4 needs to discuss if performance requirements are needed for this case, depending on the RAN1 design.

In our view, some requirements may need to be defined for group WUS, but RAN4 should wait for further RAN1 design decisions before starting the work.

Proposal 2: RAN4 should wait for more design decisions from RAN1 before to discuss whether/what requirements are defined for group WUS.
3.  Conclusions

In this paper we provided our initial views on the potential RRM impacts due to channel quality report in Msg3 and group WUS in Rel-16 eMTC.
Proposal 1: The framework of NB-IoT requirements for channel quality report in Msg3 is re-used for eMTC, including
· hypothetical PDCCH parameters and the evaluation period
· report mapping
· measurement accuracy

The detailed requirements for eMTC are discussed based on further agreements from RAN1/2.
Proposal 2: RAN4 should wait for more design decisions from RAN1 before to discuss whether/what requirements are defined for group WUS.
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