3GPP TSG RAN WG1 Meeting #96bis			R1-1905561
Xi’an, China, 8th – 12th April, 2019

Agenda Item:	6.2.1.7
Source: 	LG Electronics
[bookmark: _GoBack]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:
· 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.

· 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.

· ETWS/CMAS in connected mode
Agreements from RAN2#103bis
· RAN2 intends to support CMAS/ETWS for non-BL UEs in CE mode in connected mode.
Agreements from RAN2#105
· SIBs for ETWS and CMAS are not provided via dedicated signaling.

Though RAN2 made the agreements as above, work scope from RAN1 point of view is still unclear. Therefore Feature-lead would like to recommend wait-and-see until RAN2 asks RAN1 for some specific task or the work scope of RAN1 is clear.

· Dual layer DL reception
Conclusion until RAN1#96:
· RAN1 has no consensus on the support for dual layer DL reception for non-BL UEs in CE mode A in Rel-16
Based on the conclusion above, feature-lead believes that RAN1 is not going to discuss “Dual-layer transmission” issue in Release 16.
· Feedback based on CSI-RS
As RAN1 made an agreement saying “Existing Rel-15 CSI-RS based CSI feedback is supported for non-BL CE UEs operating CE mode A”, this document provides summary and suggests proposals about “CSI-RS based CSI feedback” based on contributions [2]-[10].

2. Summary and Proposals
2.1. Feedback based on CSI-RS
Agreements until RAN1#96:
· Existing Rel-15 CSI-RS based CSI feedback is supported for non-BL CE UEs operating CE mode A. FFS on:
· The number of CSI-RS ports
· CSI feedback mechanism
· Resource assignment issue due to REs used for CSI-RS

Summary of Issues and Proposals:
Issue 1) The CSI-RS based CSI feedback is only supported in TM9
· Supported – Ericsson, Qualcomm
· not supported – n/a
Suggested Proposal #1
The CSI-RS based CSI feedback is only supported in TM9

Issue 2) The supported number of CSI-RS ports
· only 8 – Qualcomm, Ericsson
· {2, 4, 8} – ZTE
· up to 4 – Nokia, Nokia Shanghai Bell
· {1, 2, 4} – Intel
Based on the summary above and the evaluation result in [7] showing CSI-RS based CSI feedback does not provide performance benefit in CE mode A when the number of CSI-RS and CRS ports are same (e.g., #CRS ports=#CSI-RS ports=4), feature-lead would like to proposal the following.
Suggested Proposal #2
The supported number of CSI-RS ports is only 8.

Issue 3) CSI-RS configurations
· CSI-RS repetition – Intel, [Nokia, Nokia Shanghai Bell]
· Larger periodicity of CSI-RS – Intel
· Narrow band CSI-RS – ZTE
In order to enhance CSI-RS based CSI estimation accuracy and reduce the impact of CSI-RS interference to other UEs, a few T-docs proposed to modify the existing CSI-RS design and/or configuration. However, it may violate the agreement made in RAN1#96 saying that “Existing Rel-15 CSI-RS based CSI feedback is supported for non-BL CE UEs operating CE mode A.” The reason why RAN1 managed to reach the agreement which limiting CSI-RS to the existing one is, as far as feature-lead understand, [2] showed its performance gain without any modification on the existing Rel-15 CSI-RS. Since the agreement in RAN1#96 doesn’t include modification of existing CSI-RS design/configuration, baseline is reusing existing CSI-RS design/configuration. Hence, feature-lead would like to suggest companies agree on the following conclusion.
Suggested Conclusion #3
RAN clarifies that modification on the design or configuration for support of CSI-RS for non-BL CE UEs in CE mode A is not considered in Rel-16.

Issue 4) CSI feedback mechanism
· Aperiodic CSI reporting with either mode 1-1 or mode 2-2 – Qualcomm
· Periodic CSI reporting mode 1-1 with submode 1 and 2 – ZTE
· RI is not reported – Ericsson
[7] and [9] discussed detailed CSI-RS based CSI feedback mechanism which is essential but needs to be discussed after having agreements on the other issues above, i.e., TM, #CSI-RS ports, codebook, and CSI-RS design/configuration. But, what is pretty obvious is non-BL CE UE doesn’t report RI in all cases. Hence, feature-lead would like to propose it, and suggest RAN1 have further studies on detailed CSI-RS based CSI feedback mechanism, e.g., periodic and aperiodic CSI-RS based CSI reports, CSI report modes and sub-modes, sub-sampling, and so on.

Suggested Proposal #4
For CSI feedback of non-BL CE UE, RI>1 is not supported. FFS on whether or not to include RI field in CSI.

Issue 5) Resource assignment issue due to REs used for CSI-RS
· Puncturing – Ericsson, Nokia, Nokia Shanghai Bell 
· Rate-matching – ZTE, LGE
· For non-BL UEs in CE mode A, CSI-RS can be transmitted and received by rate matching around for R=1 and puncturing for R≥2.
· For MPDCCH, R is the maximum number of repetitions
· For PDSCH, R is the number of repetitions
· ZP-CSI-RS configuration to reduce the impact of CSI-RS interference to other UEs – ZTE, Qualcomm

Suggested Proposal #5
For R>1, MPDCCH and PDSCH are punctured around the REs used for the CSI-RS transmission.
For R=1, FFS on puncturing or rate matching MPDCCH and/or PDSCH around REs used for the CSI-RS transmission.
· For MPDCCH, R is the maximum number of repetitions
· For PDSCH, R is the number of repetitions

Issue 6) Impact of CSI-RS interference to other UEs

ZP-CSI-RS configuration is proposed by [9] to reduce the impact of CSI-RS interference to other UEs. Feature-lead would like to suggest companies share their views, in the next meeting, on whether and how to cope with the impact of interferences due to CSI-RS transmission for non-BL CE UEs in CE mode A.

Issue 7) Measurement bandwidth for CSI-RS based CSI feedback
[7][9] discussed the CSI-RS measurement bandwidth for non-BL CE UEs in CE mode A. Given that CSI-RS is transmitted over entire bandwidth and PDSCH scheduled to non-BL CE UE can be up to 20MHz, whether and how to modify the reference resources in the frequency domain for CSI-RS based CSI estimation, e.g., CSI-RS based CSI measurement is performed for the NBs used for MPDCCH monitoring or larger than that, may need to be further discussed. Hence, feature-lead would like to suggest companies share their views, in the next meeting, on measurement bandwidth for CSI-RS based CSI feedback for non-BL CE UEs in CE mode A.

Proposals, observations, and conclusions are copied in the table below.
	from Ericsson
Observation 1: Fundamentally speaking, in a beamforming-based scheme increasing the number of antenna elements in an array will make the beam sharper (i.e., an increased number of antennas helps to maximize the received energy at the receiver).
Observation 2: The findings collected during this WI objective (e.g., see [8-10]), have led to the RAN1’s conclusion of not using more than one layer in DL for CE Mode A.
Observation 3: The benefit of using 8 CSI-RS ports for supporting “Feedback based on CSI-RS”, along with the reasons for using at most one-layer in CE Mode A, are principles that can be fulfilled by re-using TM9.
Observation 4: In RAN1 #96, it was brought up that “According to the current specification, REs occupied by CSI-RS transmission are counted in the MPDCCH/PDSCH mapping but not used for transmission of the MPDCCH/PDSCH”, which can be seen as a puncturing mechanism that is meaningful/applicable for Rel-16 UEs supporting “Feedback based on CSI-RS”.
Proposal 1	8 CSI-RS ports are used to support “Feedback based on CSI-RS” for non-BL UEs in CE mode A.
Proposal 2	Single-layer beamforming is used to support “Feedback based on CSI-RS” for non-BL UEs in CE mode A.
Proposal 3	A rank indicator (RI) is not reported for the support of “Feedback based on CSI-RS” for non-BL UEs in CE mode A.
Proposal 4	TM9 is used to support “Feedback based on CSI-RS” for non-BL UEs in CE mode A.
• Working Assumption: Table 7.2.4-1: Codebook for 1-layer CSI reporting using antenna ports 15 to 22.
Proposal 5	A new rate-matching rule is not supported.
• UEs supporting “Feedback based on CSI-RS” will be able to puncture REs occupied by CSI-RS when preparing the transmission of MPDCCH/PDSCH.

	from Nokia, Nokia Shanghai Bell
Proposal 1: The number of CSI-RS ports is limited to 4.
Proposal 2: Further study the need for new CSI-RS configurations or CSI-RS repetition.
Proposal 3: REs used for CSI-RS are punctured.

	from LG Electronics
Proposal 1: MPDCCH in USS and associated PDSCH are rate-matched around REs used for CSI-RS transmission when CSI-RS based CSI measurement/report is supported for non-BE UE in CE mode A and the maximum number of repetitions for the MPDCCH and the number of repetitions for the scheduled PDSCH are equal to 1

	from ZTE
Observation 1: When the number of CSI-RS ports is more than the number of CRS ports, CSI-RS based CSI feedback can show better performance due to PMI feedback.
Observation 2: For PUCCH 1-1 submode 2, the payload of PMI feedback is restricted to 4 bits, which is the same as the payload of 4Tx PMI feedback in CE mode A.
Observation 3: Based on wideband CSI-RS, the non-BL UEs can perform the CSI measurement for all narrowbands in one subframe in CE mode A.
Observation 4: The wideband CSI-RS configured for one UE may cause some interference to other UEs whose transmission overlaps with the CSI-RS bands.
Proposal 1: CSI-RS based CSI feedback can be used for the case which the number of CSI-RS ports is more than the number of CRS ports for non-BL UEs in CE mode A.
• 2, 4 and 8 CSI-RS ports could be supported. 
Proposal 2: CSI-RS based CSI feedback should use PUCCH 1-1 mode for non-BL UE in CE mode A.
Proposal 3: PUCCH 1-1 submode 1 for 8 CSI-RS ports could be applied for non-BL UE in CE mode A.
• W1 and W2 are respectively reported in different subframes.
• The codebooks of W1 and W2 are not sub-sampled.
Proposal 4: PUCCH 1-1 submode 2 for 8 CSI-RS ports can be reused in CE mode A.
Proposal 5: For non-BL UEs in CE mode A, CSI-RS can be transmitted and received by rate matching around for R=1 and puncturing for R2.
• For MPDCCH, R is the maximum number of repetitions
• For PDSCH, R is the number of repetitions
Proposal 6: Both wideband CSI-RS and narrowband CSI-RS can be supported for non-BL UEs in CE mode A.

	from Intel Corporation
Proposal 2: For CSI-RS based CSI measurement,
• 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 3: Reuse the existing CSI-RS configurations defined in 3GPP TS 36.211 for 1, 2 and 4 antenna ports for non-BL UEs in CE mode.
Proposal 4: CSI-RS configurations with increased density of CSI-RS REs should be considered.

	from Qualcomm Incorporated
Proposal 1: The CSI-RS based CSI feedback is only supported in TM9. 
Proposal 2: The supported number of CSI-RS ports is only 8 for the non-BL UE operating in CE mode A. 
Proposal 3: PMI feedback is supported for CSI-RS based aperiodic CSI reporting for the non-BL UE in CE mode A. Either mode 1-1 wideband PMI reporting or mode 2-2 subband PMI reporting can be configured. 
Proposal 4: For CSI-RS based CSI feedback, the narrowband(s) used for MPDCCH monitoring is supported for CSI reporting at least for the non-BL UE configured with a maximum 1.4MHz PDSCH transmission bandwidth. FFS on supporting other narrowbands for CSI reporting considering the coexistence with NR. 
Proposal 5: Aperiodic CSI-RS is not supported for the non-BL UE operating in CE mode A. 
Proposal 6: Zero-power CSI-RS can be configured for PDSCH RE mapping for Rel-16 LTE-MTC UE. 



2.2. Others
Observations and proposals not related to “CSI-RS feedback” are copied in the table below.
	from Huawei, HiSilicon
Proposal 1: UE demodulation performance requirements for 2 RX antennas are supported for non-BL UEs in coverage enhancement.
Proposal 2: Using DCI format 3/3A to notify the ETWS/CMAS reception for connected mode non-BL UEs in coverage enhancement.

	from LG Electronics
Observation 1: 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 using a single transmitting antenna, it may lead to a severe coverage imbalance between uplink and downlink
Observation 2: It will be beneficial to networks if eNB can be aware of the following information
• Whether non-BL UE is using its additional receiving antenna port(s) or not
• Whether and which advanced receiving algorithm based on multiple RX antennas is being utilized by non-BL UE

	from Intel Corporation
Proposal 1: DL dual layer reception is not supported for non-BL UEs in CE mode

	from Samsung
Proposal 1: DL dual layer transmission can be specified for CE Mode A if performance gain is verified.
Proposal 2: If DL dual layer transmission is supported, TM9 is preferred.
Proposal 3: If DL dual layer transmission is supported, only single codeword is used.
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