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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1 #94bis meeting, the following agreements were concluded on coverage enhancement for non-BL UEs [1].
Agreement 
Dual-layer transmission is not supported for non-BL UEs in CE mode B
Agreement 
CSI-RS based CSI feedback is not supported for non-BL UEs at least in CE mode B
Further, the following agreements were made based on the email discussion for evaluation parameters for dual layer transmission simulations.
Agreements:
1. T-put performance metric based on Rank 1 and Rank 2 will be shown by Hull-curve against SNR according to the simulation parameters given in Table 1 
0. The SNR range is to be discussed, aiming to conclude in RAN1#95 
0. In proposing the SNR range, companies are encouraged to check the WID and perform appropriate analysis considering relevant aspects related to non-BL & CE mode A

Table 1. Link-level simulation parameters for Dual-layer transmission for non-BL UEs in CE mode A
	Parameter
	Value

	Frequency
	700MHz

	Channel
	EPA with low correlation according to Table B.5.2-2 in TS 36.104

	eNB Antenna configurations
	4 Tx, Cross-polarization: +/-45 degrees

	UE configurations
	Speed: 1km/h

	
	2 Rx with X-polarized: 0/+90 degrees

	Traffic load
	Full Buffer

	Transmission scheme
	TM9 with fixed rank

	PDSCH
	6 RBs with 1, 2, 4, and 8 repetitions

	corReceiver
	Non-Ideal DMRS channel estimation and interference estimation 

	
	LMMSE-IRC receiver

	Overhead
	2 symbols for DL CCHs, 2 CRS ports and 2 DM-RS ports

	CSI/Precoding
	No rank adaptation (Rank 1 and Rank 2)
Fixed CQI and feedback wideband PMI with periodicity of 10msec (Channel reciprocity property in TDD system can be used for DL PMI adjustment)

	Rate control
	Target 10% BLER after 1st transmission

	Cyclic prefix
	Normal CP



In this contribution, further considerations on coverage enhancement for non-BL UEs are provided.
CE mode A for non-BL UEs 
During the email discussion, it seems that there are different understandings of the scope of the objective on extreme coverage for non-BL UEs in the WID [2] and on the SNR range of CEModeA.
The objective in the WID is the following:
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

Clearly, the scope in the WID is to specify CE mode A and B improvements for non-BL UEs. Moreover, the agreements in RAN1#94b about not supporting dual-layer transmission and CSI-RS based CSI feedback for CEMode B, conclude the discussion related to CEMode B. The email discussion “for evaluation parameters for dual layer transmission simulations” [1] is clearly related to CEMode A since we have no agreement on dual-layer transmission for CEModeA and we agreed not to support dual-layer transmission for CEModeB.
The title just emphasizes the scenario for non-BL UE improvements, and it does not restrict the non-BL UE improvements within the extreme coverage according to the detailed bullet in the WID and the Rel-16 discussion (contributions, email discussion, etc.)
Observation 1: Specify CE mode A and B improvements for non-BL UEs is definitely supported within the WID. 
SNR range of CE mode A 
For the SNR range of CEMode A, there also have different understandings. The following is the agreements related to CE Modes, which were concluded in RAN1 #82bis meeting. It is obvious that the CE Mode A includes the case of no repetition.
· Two CE modes are specified for RRC_CONNECTED UEs:
· CE Mode A describes a set of behaviours for no repetitions and small number of repetitions
· CE Mode B describes a set of behaviours for large number of repetitions
· The CE mode is signalled to the UE 
Moreover, in the TS 36.101, the minimum performance CE Mode A MPDCCH with TM9 interference model is given as the Table below. As seen from the Table 2, 15.4 dB SNR is regarded as the reference value.
Table 2: Minimum performance CE Mode A MPDCCH
	Test Number
	Aggregation level
	Reference Channel
	OCNG Pattern
(Note 1)
	Propagation Conditions (Note 2)
	Antenna Configuration and Correlation Matrix (Note 3)
	Reference Value

	
	
	
	
	Cell 1
	Cell 2
	Cell 3
	
	Pm-dsg (%)
	SNR (dB) 
(Note 4)

	1
	16 ECCE
	R.82 FDD
	OP.2 FDD
	EPA5
	EPA5
	EPA5
	2x1 Low
	1
	15.4



Further, 64QAM is supported for non-BL UEs in CEModeA. Obviously, for UEs which can support 64QAM, it means these UEs are in good coverage. Especially for UEs with high coding rate and 64QAM modulation, it should be in the high SNR range. 
[bookmark: _GoBack]Observation 2: The SNR of UE in CEMode A can be in high SNR range.
Non-BL UE in CEMode A 
For non-BL UE in CEMode A, there also have different understandings. Several companies think the non-BL UE only needs coverage enhancement or be in worse channel condition, it can enter into the CEMode. However, there are also some companies consider the non-BL UE can operate in CEMode even if it is in the good coverage for exploiting the power saving benefits.
For non-BL UE (with the capability of coverage enhancement) in good channel condition, it can operate in the CEMode A, since there is no any complexity increasing on both non-BL UE and eNB. Significant mechanisms (e.g., bandwidth reduction, wake up signal, early data transmission, early data termination, etc.) are standardized on BL/CE UEs to achieve 10 years battery life. For non-BL UE, at most time, it may operate in idle mode or communicate with eNB in light traffic. For such kind of non-BL UE, it is beneficial for operating the non-BL UE in CEMode A for power saving.
If the non-BL UE needs high data rate transmission, it can transfer from CEMode A to normal coverage. The complexity and impact on the mode transfer could be marginal in view of the probability of high data rate for non-BL UE is not very frequent. Moreover, the non-BL UE in good coverage operates in the CEModeA may be beneficial to further reduce the mode transfer. For example, when the UE’s radio condition is gradually getting worse, it avoids the mode transfer from normal coverage to CEModeA.
In summary, from specification point of view, it can support UE in high SNR operated by CEModeA.           
Observation 3: For non-BL UE (with the capability of coverage enhancement) in good channel condition, it can operate in the CEMode A.
Aspects on coverage enhancement for non-BL UEs
In the following, we give our further considerations on the coverage enhancement aspects for non-BL UEs considered in the WID which are more RAN1 related.
UE demodulation performance requirements for 2 RX antennas
For BL UEs, in order to achieve low cost, a single receive RF chain is assumed. The coverage mechanism is common for BL UEs in CE and non-BL UEs in CE. Therefore, UE demodulation performance requirement in coverage enhancement is based on a single receive RF chain.
However, compared to two receive RF chains supported by non-BL UE, about 4dB coverage loss can be envisaged for a single receive RF chain, which will imply more repetitions especially in extreme channel condition. Since non-BL UEs definitely support 2 RX antennas, it is beneficial to support UE demodulation performance requirements for 2 RX antennas. With 2 RX antenna, the number of repetitions for DL reception can be significantly reduced, and resource utilization can be improved.
Proposal 1: UE demodulation performance requirements for 2 RX antennas is supported for non-BL UEs in coverage enhancement.
Dual layer DL reception
In current specification, only one layer can be supported of UE in coverage enhancement mode. However, there may be no repetition or a small number of repetitions for UEs in CEMode A. For non-BL UE, it stronger capability on signal reception and processing, and it also has high requirement on data rate. For example, voice connection prefers to be maintained even if non-BL UE channel condition is gradually deteriorating. 
For example, if one non-BL UE is in the CEMode A and receives DL without repetition, the non-BL UE can still be served in CEMode A with dual layer reception. Thus, the mode switch from CEMode A to normal coverage is avoided, and traffic continuity can be maintained. Once the channel condition of this non-BL UE is getting worst, the eNB can indicate to the UE to receive the PDSCH with repetition and single layer. The mode switch from normal coverage to CEMode is also avoided.
Figure 1 below shows the DL geometry of mMTC test environment, which was cited from “Study on Self Evaluation towards IMT-2020 Submission” [3]. 
[image: ]
Figure 1: DL geometry of Urban Macro - mMTC test environment
As seen from Figure 1, about 80% and 70% UE’s DL geometry is larger or equal to 0dB for ISD 500m and 1732m, respectively. Therefore, most non-BL UE in CE ModeA could use dual layer DL reception in view of the geometry distribution. 
Proposal 2: Non-BL UE in CE ModeA could use dual layer DL reception.
Feedback based on CSI-RS
Currently, for BL/CE UE’s CSI reporting, the CSI measurement is based on the narrowband of MPDCCH transmission. As a result, the real-time CSI measurement on full bandwidth is not possible. Even if MPDCCH frequency hopping is considered, only two or four possible MPDCCH narrowband locations can be measured if the initial narrowband of MPDCCH configured by higher layer signaling is not changed. As a result, the BL/CE UE cannot estimate the channel condition on any subband within system bandwidth dynamically.
For non-BL UEs, since it has the capability to receive the CSI-RS within the whole system bandwidth, it is possible for non-BL UEs to measure subband on the whole system bandwidth based on CSI-RS, and report the optimum subband to eNB. The eNB can schedule the DL transmission on the optimum subband in time, and the throughput could be improved correspondingly.
ETWS/CMAS in connected mode
In LTE, ETWS/CMAS are notified by the Paging message for both RRC_IDLE and RRC_CONNECTED modes. However, BL/CE UEs are not allowed monitoring CSS for Paging in connected mode. In that case, BL/CE UEs in connected mode may miss the ETWS/CMAS notification and reception. An implementation method is that the eNB releases the UEs to RRC_IDLE mode using RRCConnectionRelease. Considering the latency requirement of ETWS/CMAS and the actual latency of hundreds of RRCConnectionRelease repetitions and MPDCCH repetitions for ETWS/CMAS notification, it may not be very efficient using the implementation method. Therefore, it would be beneficial that ETWS/CMAS in RRC_CONNECTED mode can be supported for non-BL UEs in coverage enhancement. Currently, the ETWS/CMAS can be dynamically indicated by DCI format 6-2, which is only monitored by idle UEs. Similarly, it can consider using DCI to indicate ETWS/CMAS for connected non-BL UEs.
Proposal 3: ETWS/CMAS reception for connected non-BL UEs in coverage enhancement can be indicated by DCI.
	Conclusions
In this contribution, further considerations on coverage enhancement for non-BL UEs are given, and following observations and proposals are provided:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: Specify CE mode A and B improvements for non-BL UEs is definitely supported within the WID. 
Observation 2: The SNR of UE in CEMode A can be in high SNR range.
Observation 3: For non-BL UE (with the capability of coverage enhancement) in good channel condition, it can operate in the CEMode A.
Proposal 1: UE demodulation performance requirements for 2 RX antennas is supported for non-BL UEs in coverage enhancement.
Proposal 2: Non-BL UE in CE ModeA could use dual layer DL reception.
Proposal 3: ETWS/CMAS reception for connected non-BL UEs in coverage enhancement can be indicated by DCI.
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Parameter  Value  

Frequency  700MHz  

Channel  EPA with low correlation according to  Table B.5.2 - 2 in  TS 36.104  

eNB Antenna configurations  4 Tx, Cross - polarization: +/ - 45 degrees  

UE configurations  Speed: 1km/h  

2 Rx with X - polarized: 0/+90 degrees  

Traffic load  Full Buffer  

Transmission  scheme  TM9 with fixed rank  

PDSCH  6 RBs with 1, 2, 4, and 8 repetitions  

corReceiver  Non - Ideal DMRS channel estimation and interference estimation   

LMMSE - IRC receiver  

Overhead  2 symbols for DL CCHs, 2 CRS ports and 2 DM - RS ports  

CSI/Precoding  No rank  adaptation (Rank 1 and Rank 2)   Fixed CQI and feedback wideband PMI with periodicity of 10msec (Channel  reciprocity property in TDD system can be used for DL PMI adjustment)  

Rate control  Target 10% BLER after 1 st   transmission  

Cyclic prefix  Normal CP  

 

