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Introduction
In RAN#79 plenary meeting, it was agreed to have a separate email discussion on LTE MIMO enhancement. Till May 18, the first round of email discussion was closed, and tens of companies have shared their views on LTE MIMO enhancements. 
In this contribution, we provide the observations based on the email discussion, and provide our views on LTE MIMO in Rel-16 WI.
Observations on email discussion
According to the email discussions, the following overall views are observed:
	Views
	Number of companies
	Companies
	Comments

	Support some LTE MIMO enhancement objectives to be specified or studied
	14
	Samsung, Ericsson, Huawei, HiSilicon, Indian Institute of Technology – Hyderabad, Telstra, Telefonica, Mitsubishi, Softbank, Vodafone, TELUS, Qualcomm, Telecom Italia, MediaTek
	Companies who propose to specify, potentially specify or study some objectives

	Not needed
	8
	CATT, ZTE, OPPO, Nokia, Intel, LGE, AT&T, Orange
	Companies who do not see the need for MIMO enhancement



Given the above views expressed by companies, it is observed that more companies, especially operators, see the need for further MIMO enhancements, though we understand some companies supporting specific objectives may not support the WI if the related objectives are excluded.
It can be expected that there will be concerns from companies no matter whether decision is to have or not to have a Rel-16 LTE MIMO enhancement WI. A compromise can be to have a Rel-16 MIMO WI with focused scope.
Proposal1: Specify MIMO enhancements for LTE in Rel-16 WI with focused scope.

For the detailed objectives, the following views were collected from companies, where 8 companies that indicated ‘not needed’ to almost all of the objectives are omitted in the following tables: 
L1: CSI enhancement
	
	Detailed technology item
	Work Scope (no. of companies)
	Supporting companies

	1
	Extension of advanced CSI (>2 beams, including Rel-14 leftovers)
	Specify (7)
	Huawei, HiSilicon, Ericsson, Samsung, Telstra, Telefonica, SoftBank

	
	
	Potentially specify (0)
	

	
	
	Study (0)
	

	
	
	Not needed (2)
	Qualcomm, MediaTek

	2
	Others: Aperiodic IMR, CSI feedback for non-uniform antenna array, DMRS-based link adaptation, post-decoding CQI feedback
	Specify (4)
	Huawei, HiSilicon, (NZP based IMR)
Samsung (Aperiodic IMR), SoftBank

	
	
	Potentially specify (2)
	Telstra, Telefonica

	
	
	Study (1)
	Telecom Italia

	
	
	Not needed (3)
	Ericsson, Qualcomm, MediaTek



L2: Transmission mode dynamic switching
	
	Detailed technology item
	Work Scope (no. of companies)
	Supporting companies

	1
	Transmission mode dynamic switching between CRS-based TM3/4 and DMRS-based TM8/9/10
	Specify (3)
	Huawei, HiSilicon, SoftBank

	
	
	Potentially specify (1)
	Vodafone

	
	
	Study (3)
	Telstra, Telefonica, Qualcomm

	
	
	Not needed (3)
	Samsung, Ericsson, MediaTek



L3: Beamforming for control channel
	
	Detailed technology item
	Work Scope (no. of companies)
	Supporting companies

	1
	Beamforming for control channel
	Specify (3)
	Huawei, HiSilicon, (beamforming for PDCCH), TELUS

	
	
	Potentially specify (1)
	Telefonica

	
	
	Study (4)
	Telstra, SoftBank, Qualcomm, Telecom Italia

	
	
	Not needed (3)
	Samsung, Ericsson, MediaTek



L4: SRS enhancement
	
	Detailed technology item
	Work Scope (no. of companies)
	Supporting companies

	1
	SRS antenna switching among 8 antennas
	Specify (3)
	Huawei, HiSilicon, SoftBank

	
	
	Potentially specify (0)
	

	
	
	Study (1)
	Telefonica

	
	
	Not needed (4)
	Samsung, Ericsson, Telstra, Qualcomm

	2
	Virtual cell ID for SRS
	Specify (4)
	Ericsson, Telefonica, Mitsubishi, SoftBank

	
	
	Potentially specify (4)
	Samsung, Huawei, HiSilicon, Telstra

	
	
	Study (1)
	MediaTek

	
	
	Not needed (1)
	Qualcomm

	3
	SRS coverage/capacity enhancement
	Specify (4)
	Huawei, HiSilicon, Telstra, SoftBank

	
	
	Potentially specify (2)
	Ericsson, Vodafone

	
	
	Study (3)
	Telefonica, Mitsubishi, MediaTek

	
	
	Not needed (2)
	Samsung, Qualcomm

	4
	SRS power control
	Specify (2)
	Huawei, HiSilicon,

	
	
	Potentially specify (1)
	Telstra

	
	
	Study (3)
	Telefonica, SoftBank, MediaTek

	
	
	Not needed (3)
	Samsung, Ericsson, Qualcomm

	5
	Allow triggering or configuration of semi-persistent SRS.
	Specify (2)
	Huawei, HiSilicon,

	
	
	Potentially specify (0)
	

	
	
	Study (1)
	SoftBank

	
	
	Not needed (1)
	Telstra,



L5: Others
	
	Detailed technology item
	Work Scope (no. of companies)
	Supporting companies

	1
	Non Linear Precoding
	Specify (0)
	

	
	
	Potentially specify (1)
	Indian Institute of Technology – Hyderabad

	
	
	Study (0)
	

	
	
	Not needed (0)
	

	2
	Explicit CSI feedback
	Specify (0)
	

	
	
	Potentially specify (1)
	Indian Institute of Technology – Hyderabad

	
	
	Study (0)
	

	
	
	Not needed (0)
	



By counting the supported companies who show their views of ‘specify’ or ‘potential specify’, the following objectives got most support.
· extension of advanced CSI (7+0)
· interference measurement enhancement (4+2)
· virtual cell ID for SRS (4+4)
· SRS coverage/capacity enhancement (4+2)
The above objectives are somewhat common with respect to significant gain on spectrum efficiency and small specification effort. For instance, the gain of extension of advanced CSI have been justified in NR work, and the specification work would be simple if LTE adopts the similar scheme as NR typeII codebook and only supports PUSCH based aperiodic CSI reporting. Enhancement on interference measurement is quite similar. NR has justified the gain of NZP CSI-RS based IMR. Specifying the similar scheme with some minor refinements to fit LTE system would not cost much effort. SRS has been identified to have the issue of insufficient coverage in real TDD networks. If SRS transmission on more than one UL symbols is allowed, it would further challenge the SRS capacity taking into account supporting a large number of users in TDD system with massive antenna. NR has support up to 6 symbols in a slot for SRS transmission. The similar design can be the reference for LTE enhancement. Hence, in our view, the above objectives have been justified in NR work. Specifying these objectives would be safe and require less specification effort if LTE adopts the similar design.    
Moreover, some companies show interest on dynamic switching transmission modes (3(specify)+1 (potentially specify)+3(study)) and PDCCH beamforming (3(specify)+1 (potentially specify)+4(study)). In our view, if these optimizations and consolidations can effectively improve transmission efficiency or address the issues in real networks, it is worthwhile to specify them. Hence, we propose to study these schemes first. If performance gain is identified, these schemes can be specified in LTE Rel-16. Alternatively, they can be specified directly with second priority, if time permits.
The other use case that TDD operators are highly interested in is eight-antenna CPE equipped with fewer than eight RF chains. With only one or two transmit antenna it cannot benefit from the channel reciprocity due to the unavailability of full channel state information. One possible solution is to enable SRS switching to sound all antennas. The other solution is to let UE report CSI corresponding to those antennas without RF chains. Thus eNB can combine channel estimates on SRS and received CSI to generate beamformer for downlink. We think the study can be conducted to investigate these possible solutions. Alternatively, they can be specified directly with second priority, if time permits.

Based on the discussion above, we propose the following MIMO scopes for LTE Rel-16 WI
Proposal2: 
· Specify CSI enhancement, including
· Extend the framework of Rel-14 advanced CSI codebook, including more than 2 beams in W1, 8PSK co-phasing, subband amplitude and other leftovers.
· Specify interference measurement enhancement (e.g., based on NZP CSI-RS)
· Specify SRS capacity/coverage enhancement, including introducing more than one symbols for SRS on normal UL subframe and virtual cell ID for SRS.
· Study other enhancements and specify if benefits are justified, including dynamic switch of transmission modes and PDCCH beamforming, or setting the related objectives to second priority.
· Study the acquisition of full CSI for DL MIMO for eight-antenna CPE equipped with fewer than eight RF chains, or setting the related objectives to second priority.
· Investigate and select one solution to specify, where candidate solutions include but are not limited to eight-antenna switching for SRS transmission

Conclusion
This contribution provides the observations based on the email discussion, and provides our views on LTE MIMO in Rel-16 WI 
Proposal1: Specify MIMO enhancements for LTE in Rel-16 WI with focused scope.
And the MIMO scopes are 
Proposal2: 
· Specify CSI enhancement, including
· Extend the framework of Rel-14 advanced CSI codebook, including more than 2 beams in W1, 8PSK co-phasing, subband amplitude and other leftovers.
· Specify interference measurement enhancement (e.g., based on NZP CSI-RS)
· Specify SRS capacity/coverage enhancement, including introducing more than one symbols for SRS on normal UL subframe and virtual cell ID for SRS.
· Study other enhancements and specify if benefits are justified, including dynamic switch of transmission modes and PDCCH beamforming, or setting the related objectives to second priority.
· [bookmark: _GoBack]Study the acquisition of full CSI for DL MIMO for eight-antenna CPE equipped with fewer than eight RF chains, or setting the related objectives to second priority.
· Investigate and select one solution to specify, where candidate solutions include but are not limited to eight-antenna switching for SRS transmission

