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1. Introduction

In RAN#80 [1], a new Rel-16 work item has been approved to specify CE mode A and B improvements for non-BL UEs suggesting some target use cases as follows:
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

· ETWS/CMAS in connected mode

· UE demodulation performance requirements for 2 RX antennas and full duplex FDD

· Dual layer DL reception

· Feedback based on CSI-RS

In this contribution, we provide a summary of issues and proposals raised by companies, and suggest some recommendations based on contributions [2]-[9].

2. Summary and Proposals
There are 6 sub-sections in this section, and all of observations and conclusions as well as proposals from 8 T-docs have been captured in each sub-section accordingly. And they are grouped properly under the ‘Summary of Issues and Proposals’ bullets so that companies can see what sub-issues are going to be treated together. Under the ‘Recommendations’ bullets, you can find proposals which reflect many companies’ opinions. In addition, a couple of potential issues that seem necessary and essential from feature-lead’s point of view are listed.
2.1. Enhancements to idle mode mobility
Summary of Issues and Proposals:

1) The objective of idle mode mobility enhancements to the non-BL UEs needs to be led by RAN2 and clarified
· supported – Ericsson, LGE, Samsung, Qualcomm
Recommendations:

Feature-lead recommends that RAN1 does not discuss idle mode mobility enhancements to the non-BL UEs until any specific request or work scope for RAN1 is found.
Proposals, observations, and conclusions are copied in the table below.
	from Ericsson

Observation 1: Any updates to the idle mode behaviour of non-BL UEs using enhanced coverage functionality should be RAN2-led and motivated by use cases.
Proposal 1: Discuss the RAN1 related candidates (i.e., Dual layer DL reception, Feedback based on CSI-RS) to improve CE Mode A and B for non-BL UEs as to commence a down-selection, and let RAN2 lead the discussion on “Enhancements to idle mode mobility” and “ETWS/CMAS in connected mode

	from Huawei, HiSilicon
-

	from Nokia, Nokia Shanghai Bell

-

	from LG Electronics
- needs to be dealt with by RAN2

	from ZTE
-

	from Intel Corporation
-

	from Samsung
- mostly related to RAN2

	from Qualcomm Incorporated
Proposal 1: The objective of idle mode mobility enhancements to the non-BL UE needs to be clarified.


2.2. ETWS/CMAS in connected mode
Summary of Issues and Proposals:

1) ETWS/CMAS for connected non-BL UEs in coverage enhancement should be led and discussed in RAN2 until its work scope from RAN1 perspective is clear
· supported – Ericsson, LGE, Samsung, Qualcomm
2) ETWS/CMAS for connected non-BL UEs in coverage enhancement can be indicated by DCI

· supported – Huawei, HiSilicon

Recommendations:

Feature-lead recommends that the work scope of ETWS/CMAS for connected non-BL UEs in coverage enhancement needs to be clarified first to see if RAN1 should discuss it.

Proposals, observations, and conclusions are copied in the table below.
	from Ericsson

Observation 5: Any updates to ETWS/CMAS in connected mode for non-BL UEs using enhanced coverage functionality should be lead and discussed in RAN2.
Proposal 1: Discuss the RAN1 related candidates (i.e., Dual layer DL reception, Feedback based on CSI-RS) to improve CE Mode A and B for non-BL UEs as to commence a down-selection, and let RAN2 lead the discussion on “Enhancements to idle mode mobility” and “ETWS/CMAS in connected mode

	from Huawei, HiSilicon
Proposal 3: ETWS/CMAS reception for connected non-BL UEs in coverage enhancement can be indicated by DCI.

	from Nokia, Nokia Shanghai Bell

-

	from LG Electronics
- needs to be dealt with by RAN2

	from ZTE
-

	from Intel Corporation
-

	from Samsung
- mostly related to RAN2

	from Qualcomm Incorporated
Proposal 4: It shall be clarified whether the support of ETWS/CMAS in connected mode is also required for the BL/CE UE.


2.3. UE demodulation performance requirements for 2 RX antennas and full duplex FDD
Summary of Issues and Proposals:

3) Additional evaluation works (if any) for UE demodulation performance requirements for 2 RX antennas and full duplex FDD should be discussed in RAN4 unless RAN1 introduces new transmission and/or reception schemes
· supported – Ericsson, [Huawei], [HiSilicon], LGE, ZTE, Samsung

Recommendations:

Feature-lead recommends that RAN1 won’t be involved in the evaluation work of UE demodulation performance requirements for 2 RX antennas and full duplex FDD until RAN1 is asked.
Proposals, observations, and conclusions are copied in the table below.
	from Ericsson

Observation 2: RAN4 has already standardized performance requirements related to “CEMode A/B + 2Rx/4Rx + FDD/HD-FDD/TDD”. Hence, any “UE demodulation performance requirement concerning this candidate may only be triggered if a new feature touching upon “2 RX antennas and full duplex FDD” were in the end standardized.

	from Huawei, HiSilicon
Proposal 1: UE demodulation performance requirements for 2 RX antennas is supported for non-BL UEs in coverage enhancement.

	from Nokia, Nokia Shanghai Bell

- 

	from LG Electronics
- needs to be dealt with by RAN4

	from ZTE
Proposal 1: 2 Rx antennas and full duplex FDD can be applied for both CE mode A and B. The relevant performance requirements should be evaluated in RAN4.

	from Intel Corporation
-

	from Samsung
- mostly related to RAN4

	from Qualcomm Incorporated
-


2.4. Dual layer DL reception
Summary of Issues and Proposals:

1) 
Dual layer DL reception is supported for non-BL UEs in coverage enhancement
· supported – Huawei, HiSilicon, Nokia, Nokia Shanghai Bell, LGE, ZTE, Samsung
· further study – Ericsson, Qualcomm
2) 
Dual layer DL reception is supported for non-BL UEs in CE mode A
· supported – Nokia, Nokia Shanghai Bell, LGE, ZTE, Samsung
· CE mode B also can support dual layer DL reception – Samsung
3) 
TM4 should also be supported
· supported – Nokia, Nokia Shanghai Bell, LGE
· not supported – Samsung
4) 
Only single TB will be used even for new transmission
· supported – ZTE, Samsung
5) 
New DCI formats should be defined based on Format 6-1A
· supported – Nokia, Nokia Shanghai Bell
· feature-lead’s opinion : needs to be handled together with supporting TM

6) 
UCI(e.g., HARQ-feedback, CSI-feedback) for dual layer transmission
· feature-lead’s opinion : no Tdoc, but needs to handed as well
Recommendations:

Proposal: Dual layer DL reception is supported for non-BL UEs in CE mode A. FFS for CE mode B
Proposal: CRS-based and DMRS-based dual layer DL reception is supported

Proposal: Decide if single CW-to-Dual layer mapping is only supported for non-BE UE in coverage enhancement
FFS: Design of DCI and UCI for dual layer DL reception
Proposals, observations, and conclusions are copied in the table below.
	from Ericsson

Observation 3: “Dual layer DL reception” has also been considered as a mean of improving CE Mode A and B for non-BL UEs. Nonetheless, fundamental MIMO aspects seem to indicate that the applicability of dual layer DL reception for non-BL UEs in deep coverage needs to be studied/proven, since only for a large SNR the capacity increases linearly with the rank of the MIMO channel matrix, which might not be the case even for non-BL UE in CE Mode A, let alone non-BL UEs in CE mode B.
Proposal 1: Discuss the RAN1 related candidates (i.e., Dual layer DL reception, Feedback based on CSI-RS) to improve CE Mode A and B for non-BL UEs as to commence a down-selection, and let RAN2 lead the discussion on “Enhancements to idle mode mobility” and “ETWS/CMAS in connected mode

	from Huawei, HiSilicon
Proposal 2: Dual layer DL reception is supported for non-BL UEs in coverage enhancement.

	from Nokia, Nokia Shanghai Bell

Observation 1: To enable dual-layer transmission for non-BL UEs in CE mode A, TM4 should also be supported.

Proposal 1: Define new DCI formats based on Format 6-1A to support dual-layer transmission for non-BL UEs in mode A.

	from LG Electronics
Proposal 2: When dual layer transmission is supported, the following aspects should be considered.

- It should apply only to CE mode A

- Transmission mode 4 can be additionally supported

- RI report will be supported for transmission mode 4 and 9

- Transmission mode 10 is not considered

	from ZTE
Proposal 2: Layer mapping, transmission mode and CSI reporting should be considered for dual layer DL reception.
Proposal 4: Dual layer DL reception and feedback based on CSI-RS are not considered for CE mode B.

	from Intel Corporation
-

	from Samsung
Proposal #1: Dual layer DL reception should be specified for both CE Mode A and Mode B for non-BL UEs.
Proposal #2: DL dual layer can be supported via TM9, and other TMs needn’t be considered.
Proposal #3: DL dual layer transmission can be supported with single codeword, and dual codewords needn’t be considered.

	from Qualcomm Incorporated
Proposal 2: The support of dual layer downlink transmission shall be justified based on the performance evaluation of TM3 over TM2 for PDSCH with repetition.


2.5. Feedback based on CSI-RS
Summary of Issues and Proposals:

1) 
CSI-RS based CSI feedback is supported for non-BL UEs in coverage enhancement
· not supported – Samsung

· further study – Ericsson, Qualcomm

· if supported, only for CE mode A – LGE, ZTE, [Nokia], [Nokia Shanghai Bell]

· further study for CE mode B – Nokia, Nokia Shanghai Bell
2) 
The number of CSI-RS ports
· limited up to 8 – LGE, ZTE
· limited up to 4 – Intel

3) 
New/modified CSI-RS design (e.g., bandwidth-limited CSI-RS, CSI-RS repetition in time domain, larger transmission periodicity, increased density of CSI-RS REs, etc.) needs to be considered
· supported – ZTE, Intel
4) 
CSI-RS configuration and CSI feedback mechanism needs to be studied
· Class A and Class B CSI feedback based on CSI-RS – Nokia, Nokia Shanghai Bell
· aperiodic CSI report – Qualcomm
5) 
Resource assignment issue due to REs used for CSI-RS should be addressed
· Rate-matching/puncturing – LGE
Recommendations:

Proposal: CSI-RS based CSI feedback is supported for non-BL UEs at least in CE mode A
Proposal: Decide whether new/modified CSI-RS design needs to be considered or not
FFS: CSI-RS configuration, CSI feedback, Resource mapping with CSI-RS
Proposals, observations, and conclusions are copied in the table below.
	from Ericsson

Observation 4: Feedback based on CSI-RS can be expected to show benefits for beamforming-based transmission also in deep coverage.
Proposal 1: Discuss the RAN1 related candidates (i.e., Dual layer DL reception, Feedback based on CSI-RS) to improve CE Mode A and B for non-BL UEs as to commence a down-selection, and let RAN2 lead the discussion on “Enhancements to idle mode mobility” and “ETWS/CMAS in connected mode

	from Huawei, HiSilicon
-

	from Nokia, Nokia Shanghai Bell

Proposal 2: Support additional CSI reporting modes (FFS) for non-BL UEs in CE mode A. 

Proposal 3: Study performance benefits of CSI feedback for non-BL UEs in CE mode B.

Proposal 4: Study the performance gains with class A and class B CSI feedback based on CSI-RS for non-BL UEs in coverage enhancement.

	from LG Electronics
Proposal 3: If CSI-RS is configured for CSI measurement, the following aspects should be considered.

- It should apply only to CE mode A

- Resource assignment issue due to REs used for CSI-RS should be addressed

- The number of CSI-RS ports should be limited up to 8

	from ZTE
Proposal 3: Bandwidth of CSI-RS, number of CSI-RS ports and feedback mode should be considered for feedback based on CSI-RS.

Proposal 4: Dual layer DL reception and feedback based on CSI-RS are not considered for CE mode B.

	from Intel Corporation
Proposal 1: Introduce repetitions of CSI-RS over consecutive [image: image2.png]postas



 subframes for non-BL UEs in CE mode. Introduce the CSI-RS periodicity [image: image4.png] p———



 larger than 80 subframes.

Proposal 2: The existing CSI-RS configurations defined in 3GPP TS 36.211 for 1,2 and 4 antenna ports are reused for non-BL UEs in CE mode.

Proposal 3: Introduce frequency domain restrictions on the CSI-RS for non-BL UEs in CE mode.

Proposal 4: Introduce CSI-RS configurations with increased density of CSI-RS REs.

	from Samsung
Proposal #4: Feedback based on CSI-RS needn’t be specified considering it doesn’t have obvious benefits and may introduce additional UE complexity on CSI measurement.

	from Qualcomm Incorporated
Observation 1: The CSI-RS based CSI feedback may increase the feedback overhead and report the CSI with multiple reports 

Observation 2: The CSI-RS based CSI feedback will increase the measurement duration and feedback latency. 

Proposal 3: The benefits for CSI-RS based CSI feedback needs further study


2.6. Configuration/Application of Non-BL enhancement
Summary of Issues and Proposals:

1) 
Downlink reception performance improvement and further coverage enhancement due to multiple receiving antennas need to be considered from cell access procedure
· LGE
4) Study if it is necessary for the UE to turn on and off additional receiving antenna port(s) (semi) dynamically

· LGE
Recommendations:

FFS: Whether and How eNB knows the UE’s capability of multiple receiving antennas
FFS: Whether an How to handle DL/UL coverage imbalance of multiple receiving antenna capable UE
Proposals, observations, and conclusions are copied in the table below.
	from Ericsson

-

	from Huawei, HiSilicon
-

	from Nokia, Nokia Shanghai Bell

-

	from LG Electronics
Observation 1: Dual RX antenna operation of non-BL and CE mode UE may enhance the UE’s coverage and throughput further.

Observation 2: When a non-BL UE attempts to access the network in CE mode using more than one receiving antenna, the current CE level selection criterion is not suitable.

- As RSRP defined for single RX antenna is the only criterion of CE level selection in the current specification, non-BL UE’s further coverage enhancement cannot be reflected in CE level/mode selection

- When non-BL UE exploits additional receiving antennas while use a single transmitting antenna, it may lead to a severe coverage imbalance between uplink and downlink

Proposal 1: When a non-BL UE attempts to access the network in CE mode using more than one receiving antenna, downlink reception performance improvement needs to be taken into account in the initial random access procedure as follows.

- Option 1. An offset value(e.g., 3dB) can be added to the measured RSRP for CE level selection before Msg.1 transmission in certain condition(s), and FFS on condition(s)

- Option 2. CE level selection criterion is the same as Rel.15, but UE reports the number of antenna ports that will be used at least to receive MPDCCH in type2-CSS via Msg.3
Proposal 4: For non-BL UEs with more than one receiving antenna, it should be discussed if it is necessary the UE can turn on and off additional receiving antenna port(s)

- If necessary, appropriate procedures need to be introduced

	from ZTE
-

	from Intel Corporation
-

	from Samsung
-

	from Qualcomm Incorporated
-
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