3GPP TSG RAN WG1 Meeting #94bis                                  R1- 1811666
Chengdu, China, October 8th – 12th, 2018

Agenda Item:	6.2.1.7
Source: 	LG Electronics
Title: 	Summary of CE mode A and B improvements for non-BL UEs
[bookmark: Source][bookmark: Title][bookmark: DocumentFor]Document for:	Discussion and decision
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

Regarding three entries highlighted by a gray color in the list above, the feature-lead summary recommended followings in the previous RAN1#94 meeting.
· Enhancements to idle mode mobility
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.
· ETWS/CMAS in connected mode
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.
· UE demodulation performance requirements for 2 RX antennas and full duplex FDD
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.

Though one Tdoc[4] includes two proposals to do with two entries above, we might as well wait and see whether and how RAN1 can contribute to these three topics because work scope from RAN1 point of view is still unclear and other WGs mainly involved in them haven’t yet started Rel.16 work. Therefore, this contribution provides a summary of issues and proposals about ‘Dual layer DL reception’ and ‘Feedback based on CSI-RS’, and suggests some recommendations based on contributions [3]-[10].
2. Summary and Proposals
There are 3 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. Dual layer DL reception
Agreements from RAN1#94:
Study on the performance benefit of dual layer DL reception when it is supported for non-BL UEs in CE mode A. Companies are encouraged to submit evaluation results. 
· UE complexity should be also considered
· Prioritize SNR region relevant to CE mode A

Summary of Issues and Proposals:
The first issue below is the prerequisite to the rest of the details in this sub-section.
Issue 1) Dual layer DL reception is supported for non-BL UEs in CE mode A
0. supported – [Huawei], [HiSilicon],Nokia, Nokia Shanghai Bell, ZTE, Samsung
1. Huawei and HiSilicon observed that there could be about 80% UEs in DL geometry of larger or equal to 0dB where non-BL UE in CE ModeA could use dual layer DL reception based on Self Evaluation assumption towards IMT-2020 Submission
1. ZTE pointed out that RAN4’s already defined performance requirements for CE mode A in 12dB SNR where dual-layer reception is definitely beneficial
1. Nokia and Nokia Shanghai Bell ran simulations about DL geometry against the rank, and found UE in higher SNR that -5dB would have rank 2 with a non-negligible probability
0. not supported unless benefits are verified – Ericsson, Qualcomm, LGE
2. Ericsson provides theoretical analysis on where more than one layer in only beneficial and feasible in terms of SNR, and claimed it requires significantly higher SNR than 0dB which would be much higher than what is targeted by CE mode A
2. Qualcomm conducted performance evaluations, and observed no throughput gain for TM9 and TM3 dual-layer transmission over single-layer one under the SNR region of interest (below 0 or -5dB SNR)

Suggested Proposal: Dual-layer transmission is not supported for non-BL UEs in CE mode B
Suggested Proposal: Decide whether or not to support Dual-layer transmission for non-BL UEs in CE mode A
If Dual-layer transmission is supported for non-BL UEs in CE mode A, then
Suggested Proposal: Dual-layer transmission is supported for non-BL UEs in CE mode A under limited conditions, and if any, detailed conditions will be discussed in the next meeting

The following issues were discussed in several Tdoc assuming Dual-layer transmission is supported for non-BL UEs.
Sub-issue 1) if Dual layerTM4 should also be supported
0. supported – Nokia, Nokia Shanghai Bell, LGE, ZTE
0. not supported – Samsung
Sub-issue 2) Single TB will be used even for new transmission
0. supported – ZTE, Samsung
Sub-issue 3) New DCI formats should be defined based on Format 6-1A
0. supported – Nokia, Nokia Shanghai Bell
Sub-issue 4) UCI(e.g., HARQ-feedback, CSI-feedback) for dual layer transmission
0. Additional CSI reporting mode – Nokia, Nokia Shanghai Bell, LGE
Recommendations:
Issues above won’t be discussed until RAN1 reaches an agreement that Dual-layer transmission is supported for non-BL UEs

Proposals, observations, and conclusions are copied in the table below.
	from Ericsson
Observation 1: For large SNR, the capacity increases linearly with the rank of the MIMO channel matrix. That is, the rank provides an intuitive insight of the channel capacity.
Observation 2: For low SNR, the capacity of the MIMO channel approximately equals either that of a SIMO channel (at best) or that of a SISO channel. At low SNR, to maximize throughput, the entire power is supplied only to the strongest eigenmode, which results in a single stream transmission.
Proposal 1: Dual-layer DL reception is not supported by non-BL UEs using enhanced coverage functionality, since using more than one layer is only beneficial and feasible for SNRs significantly higher (>> 1 = 0dB) than what is targeted by CE Mode A (not to mention CE Mode B).

	from Huawei, HiSilicon
Proposal 2: The simulation assumptions should be discussed and aligned for dual layer DL reception.

	from Nokia, Nokia Shanghai Bell
Observation 1: To enable dual-layer transmission with codebook-based precoding for non-BL UEs in CE mode A, TM4 should also be supported.
Proposal 1: Consider support of dual-layer transmission only for CE mode A and define a new DCI format based on Format 6-1A to support dual-layer transmission for non-BL UEs in mode A.
Proposal 2: Consider additional CSI reporting modes (FFS) for non-BL UEs in CE mode A to support dual-layer transmission.

	from LG Electronics
Observation 3: Single-TB to dual layer mapping even for new transmission may cause negative effects on the following aspects
- It requires to create a new TM and significant standardization works
- It may require additional complexity such as a new CSI estimation algorithm which the UE has not been equipped with
- Link adaptation per layer cannot be supported especially for ill-conditioned MIMO channel
Proposal 2: When dual layer transmission is supported, the following aspects should be considered.
- 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
Observation 1: Current performance requirements for PDSCH for some scenario of CE mode A are defined as more than 12dB of SNR with impairment margin.
Observation 2: The extended DCI format for two codewords will cause waste of control channel resource when one codeword is enabled.
Observation 3: Compared with two-codeword to two-layer, one-codeword to two-layer can reduce the overhead of DCI and MAC header, UE feedback load and feedback complexity. Also larger data block results in higher coding gain.
Observation 4: In both LTE and NR, currently the UEs can perform one-codeword to two-layer transmission.
Proposal 1: CE mode A should support dual layer DL reception for non-BL UE to improve throughput performance.
Proposal 2: One-codeword to two-layer can be used for dual layer DL reception.
Proposal 3: TM4 should be introduced for dual layer transmission.
Proposal 5: 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 CE Mode A.
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
Observation 1: No throughput gain is observed for TM9 dual layer transmission over single layer transmission under extended coverage. 
Observation 2: No throughput gain is observed for TM3 dual layer transmission over TM2 transmission under extended coverage. 
[bookmark: _In-sequence_SDU_delivery]Observation 3: The support of dual layer transmission for the non-BL UE would require lots of specification work and also potential UE hardware change. 
Proposal 1: The support of dual layer downlink transmission need not be specified considering no obvious performance benefits and additional UE implementation complexity



2.2. Feedback based on CSI-RS
Agreements from RAN1#94:
Study on the performance benefit of CSI-RS based CSI feedback when it is supported for non-BL UEs in CE mode A.
· UE complexity should be also considered
· Prioritize SNR region relevant to CE mode A

Summary of Issues and Proposals:
The first issue below is the prerequisite to the rest of the details in this sub-section.
Issue 1) CSI-RS based CSI feedback is supported for non-BL UEs in CE mode A
0. Supported – [Nokia], [Nokia Shanghai Bell], ZTE, [Intel]
0. not supported unless benefits are verified – Ericsson, Huawei, HiSilicon, Samsung, Qualcomm, LGE

Companies seem to share the same view on the motivation of introducing CSI-RS based CSI feedback for non-BL UEs given as follows
· CSI-RS can be used for more than 4Tx antenna port-based TM9
· CSI measurement performance can be improved by using zero power CSI-RS configuration to avoid collision on CSI-RS REs when interference power is not negligible

However, more than half of companies raised the following concerns and claimed not to support CSI-RS based CSI feedback for non-BL UEs unless the following are addressed and benefits are verified
· sparse placement of CSI-RS
· longer time intervals than CRS-based CSI reports
· In extended coverage, coupling loss is the main aspect to cause a low SINR and interference may not be an important aspect
· CSI feedback overhead (especially, PMI payload is increased to a maximum 8 bits)
· If two reports (like LTE PUCCH mode 1-1) is needed, multiple CSI reports will result in error propagation and increase the feedback latency
· The long measurement duration not only increases UE power consumption but also increase the CSI feedback latency
· Legacy 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

Suggested Proposal: CSI-RS based CSI feedback is not supported for non-BL UEs at least in CE mode B

Recommendations:
Discuss further whether to support CSI-RS based CSI feedback for non-BL UEs in CE mode A

The following issues were discussed in several Tdoc assuming CSI-RS based CSI feedback is supported for non-BL UEs.
Sub-issue 1) The number of CSI-RS ports
0. [bookmark: _GoBack]limited up to 8 – LGE, ZTE, Nokia, Nokia Shanghai Bell (for Class B – precoded CSI-RS)
0. limited up to 4 – Intel
Sub-issue 2) 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
0. supported – Intel
Sub-issue 3) CSI feedback mechanism needs to be studied
0. Class A and Class B CSI feedback based on CSI-RS – Nokia, Nokia Shanghai Bell
Sub-issue 4) Resource assignment issue due to REs used for CSI-RS should be addressed
0. Rate-matching and puncturing – LGE
Recommendations:
Discuss further the Issues above together with the support of CSI-RS based CSI feedback for non-BL UEs in CE mode A

Proposals, observations, and conclusions are copied in the table below.
	from Ericsson
Proposal 2: The potential benefits of using feedback based on CSI-RS for beamforming-based transmission at SNR levels associated with enhanced coverage shall be studied (e.g., in terms of improving the selection of the correct precoder).

	from Huawei, HiSilicon
no specific proposal but says:
“In order to verify the benefits of CSI-RS measurement, similar to the analyses in above section 2.3, some basic assumptions for feedback based on CSI-RS should be firstly discussed and aligned.”

	from Nokia, Nokia Shanghai Bell
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
- The number of CSI-RS ports should be limited up to 8
Proposal 4: If CSI-RS is configured for CSI measurement, resource mapping issue due to REs used for CSI-RS should be addressed as follows
- For Rel.16 UE, REs occupied by CSI-RS transmission are neither counted in the MPDCCH mapping nor used for transmission of the MPDCCH for USS at least if the maximum number of repetitions for MPDCCH in USS is equal to 1
- For Rel.16 UE, REs occupied by CSI-RS transmission are neither counted in the PDSCH mapping nor used for transmission of the PDSCH scheduled by MPDCCH scrambled by C-RNTI or SPS-C-RNTI at least if the number of repetitions for PDSCH is equal to 1

	from ZTE
Observation 5: CSI-RS can be used for CSI measurement for more than 4Tx antennas in CE mode A.
Observation 6: CSI-RS can be used for CSI measurement for all the narrow bands within the system bandwidth.
Proposal 4: CSI-RS based CSI feedback can be supported in CE mode A improvements.
Proposal 5: Dual layer DL reception and feedback based on CSI-RS are not considered for CE mode B.

	from Intel Corporation
Observation 1:
The benefits of CSI-RS-based CSI feedback may be quite limited considering the impact to UE complexity and achievable throughput gains even in CE mode A.
Through the following proposals, we summarize our views on the design direction, IF the feature is agreed to be introduced.
Proposal 1:
Repetitions of CSI-RS over consecutive  subframes for non-BL UEs in CE mode should be defined.
CSI-RS periodicity  larger than 80 subframes needs to be introduced.
Proposal 2:
The existing CSI-RS configurations defined in 3GPP TS 36.211 for 1,2 and 4 antenna ports may be reused for non-BL UEs in CE mode.
Proposal 3:
CSI-RS configurations with increased density of CSI-RS REs should be considered.

	from Samsung
Proposal #4: Feedback based on CSI-RS can be considered for CE Mode A only if the benefit is verified.

	from Qualcomm Incorporated
Observation 4: The CSI-RS based CSI feedback will increase the feedback overhead and latency 
Observation 5: The CSI-RS based CSI feedback will affect the DL transmission to the BL/CE UE 
Proposal 2: The CSI feedback based on CSI-RS is not specified for the non-BL UE



2.3. Configuration/Application of Non-BL enhancement
Summary of Issues and Proposals:
1) 	Downlink coverage enhancement due to multiple receiving antennas may cause potential problem of DL/UL coverage imbalance, which need to be further discussed and handled
0. LGE
2) 	Study whether non-BL UE can turn on and off additional receiving antenna port(s), and also whether non-BL UE’s capability of advanced receiving techniques based on additional receiving antenna port(s) can be exploited by network
0. LGE
Recommendations:
Discuss whether and how eNB knows the UE’s capability of multiple receiving antennas
Discuss 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 by using the following capabilities
- Downlink throughput can be improved by dual layer reception in high SNR region
- Even in mid SNR region, UE may be able to enhance effective SNR using dual RX antenna and find more chances to receive higher modulation order
- In low SNR region and/or interference limited environment, UE may be able to overcome the poor radio environment by utilizing advanced receiver which requires more than one RX antenna such as MRC, MMSE-IRC, eMMSE-IRC, ML, CRS-IC, NAICS, ISIC, and so on
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 5: For non-BL UEs with more than one receiving antenna, the following aspects needs to be further discussed
- If it is necessary the UE can turn on and off additional receiving antenna port(s) when connected to an eNB by CE mode
- If it is necessary the eNB needs to be aware of whether UE is utilizing advanced receiving algorithms based on multiple RX antennas, e.g., MRC, MMSE-IRC, eMMSE-IRC, ML, CRS-IC, NAICS, ISIC, and so on

	from ZTE
-

	from Intel Corporation
-

	from Samsung
-

	from Qualcomm Incorporated
-
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