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Introduction
In the January RAN1 adhoc, candidate techniques for (semi-)open loop transmission for PDSCH (‘transmission scheme 2’) were identified:
Agreements:
· For Transmission scheme 2, down selection(s) on DMRS based transmission schemes will be done in RAN1#88 at least for rank 1
· For rank 1,
· Precoder cycling with transparent DMRS
· Precoder cycling with non-transparent DMRS
· Small-delay CDD with transparent DMRS
· DMRS based SFBC
· For rank>1, 
· Precoder cycling with transparent DMRS
· Precoder cycling with non-transparent DMRS
· Layer shifting
· Precoder cycling with transparent DMRS and layer shifting
· Small-delay CDD with transparent DMRS
· Large-delay CDD with non-transparent DMRS
This contribution summarizes the documents submitted to the RAN1#88bis, as well as some developments during the meeting.  Observations are made on the discussions, the proposals are summarized, and possible next steps are proposed.
Key Issues
We make the following observations from the documents submitted to the meeting, and from conclusions reached this week:
Observations:
· The majority of evaluations are at link level using models reflecting fixed ray angle of arrival and angle spread statistics.  This implies fixed antenna correlation. Since TxD schemes can be sensitive to antenna correlation, models taking into account variable AoA and angle spread will provide better measures of relative performance.
· System level simulations are limited to modified UMa or UMi with 120 kmph 100% outdoor UEs.  This may not be representative of the use cases where TxD is most promising.  
· There are different understandings of the impact of interfering TxD transmissions from precoder cycling and SFBC on IRC receivers.  If a common understanding can be reached, the relative merits of SFBC and precoder cycling schemes may be more clear.  In particular, if the UE is not aware of how an interferer’s REs are precoded using SFBC or cycling, an IRC receiver may be unable to treat an interferer as rank 1.
· A working has been made: PDCCH transmission uses a 1 antenna port transmission scheme.  This is relevant to TxD on PDSCH, since cases where TxD are beneficial for PDCCH can be similar to those where it is beneficial for PDSCH.
Working assumption:
· One-port transmit diversity scheme with REG bundling per CCE is used for NR-PDCCH
· FFS the bundling size
· FFS: REG bundling is also for localized mapping in time and/or frequency-domain
· Companies are encouraged to provide evaluation results for 10 MHz and 20 MHz for larger aggregation levels and 5 MHz and 10 MHz for smaller aggregation levels 

Form our understanding of the proposals made in contributions [1]-[13], we think the proposals and companies supporting them can be summarized as:
Summary of proposals:
	Single DMRS port for rank 1  
	>1 DMRS port per PRB with RE level cycling
	Further Study TS2 Schemes
	SFBC

	ATT, DOCOMO, ZTE, ZTE Microelectronics, Mediatek, Intel, LGE, Qualcomm
	ATT, Samsung
	Ericsson, Nokia, ASB, CATT
	Huawei, HiSilicon, Interdigital



Where:
· Single DMRS port schemes use 1 DMRS port for rank 1 transmission, and precoding is the same on DMRS and PDSCH.  
· RB level precoder cycling schemes use >1 DMRS port per PRB for rank 1 transmission, and precoding is the same on DMRS and PDSCH.
· SFBC uses 2 DMRS ports per PRB for rank 1 transmission
Proposals
[bookmark: _GoBack]Given the divergent views for rank 1 transmission scheme 2 as seen in contributions and in the ways forward listed below, it seems further study is needed.  We therefore propose:
Proposals:
· Further study transmission scheme 2 approaches
· Strive for common understanding of the impact of interference on IRC receivers, 
· Considering e.g. required UE knowledge of interference structure
· Companies are encouraged to 
· Evaluate system level performance
· Take into account local variation in channel properties in link level simulations
· Consider additional scenarios, e.g. RMa or URLLC [12]
Related Ways Forward
· R1-1706372, “WF on CSI reporting and calculation for transmission scheme 2”
· R1-1706433, “WF on DL transmission scheme 2”
· R1-1706311, “WF on DL transmission scheme 2”
· R1-1706483, “WF on DL transmission scheme 2”
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