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Introduction
In RAN1#89, the following decision was reached for PUSCH transmit diversity:
Agreements:
· For NR in Rel-15, DL transmission scheme 2 is not explicitly supported for unicast PDSCH in specification 
· Note: CSI feedback assuming open-loop/semi-open-loop and/or closed-loop transmissions is to be discussed separately

While explicit TxD schemes such as RE-level cycling or space time coding are then precluded for at least unicast PDSCH, transparent diversity schemes and CSI feedback in support of transparent diversity can still be discussed.  
It was further agreed in the second RAN1 NR adhoc in June to dynamically indicate the DL PRB bundling size, thereby allowing some dynamic control of the rate at which transparent precoder cycling can be used:
Agreements:
· For DL data transmission:
· PRB bundling size values include
· Case 1: one or more values down-selected from the following set
· {[1], 2, 4, 8 and 16};
· FFS the relationship with RBG size; 
· Case 2: values equal to consecutively scheduled bandwidth in frequency;
· For UE-specific PRB bundling size indication, support dynamically indicated PRB bundling size with up to 1 bit overhead;
· FFS implicit indication to reduce configuration overhead, e.g., based on DMRS configuration etc;
· FFS the usage of above 1 bit, e.g. whether to switch between Case 1 and Case 2 or between two configured Case 1 values;
· FFS other aspects related to MU-MIMO pairing and  higher-layer signaling

There was further discussion in the second RAN1 NR adhoc in June addressing CSI feedback in support of transparent diversity.  However, as discussed in more detail in [1], there are still a variety of proposals to address open-loop and semi-loop loop operation, and the relative performance of schemes is not yet clear.  Consequently, next steps were proposed [1] as:
Proposed Next Steps:
· Establish the gains of the proposals via system simulations
· Align simulation assumptions with respect to key parameters
· Further discuss benefits and potential schemes for spec-transparent and specified semi-open loop and open loop schemes 

This contribution considers CSI feedback mechanisms to support transparent TxD and how they perform, addressing the above proposed next steps. 
Transparent TxD Schemes
Coherent multi-TXRU PDSCH to a UE transmission always outperforms diversity PDSCH transmission to that UE when accurate CSI is available at gNB.  Accurate CSI can be obtained when it is transmitted frequently enough to track fading among the diversity elements.  This is possible when the overhead of the CSI is low enough, the UE is moving slowly enough, and/or CSI feedback is fast enough.  When large packets are transmitted to the UE over multiple subframes, the CSI overhead and latency can be relatively low.  Note that CSI from even high velocity UEs can be tracked if reporting fast CSI in the same subframe reporting [2] is used in NR.  However, if PDSCH is very bursty, being infrequently transmitted in one slot or a mini-slot at a time, then it is difficult for CSI to track any changes in the channel.  Furthermore, the gains of TxD over wideband closed loop CSI reporting tend to be modest even with relatively stale CSI (e.g. with 120 kmph UEs throughout a cell at 2 GHz).

Observation:
· The need for many UEs in a cell to have TxD seems to be unlikely, and potential benefit is limited for traffic with large packet sizes.

Open loop and semi-open loop operation are to be supported in NR [4].  However, it is not clear exactly what at least semi-open loop operation means. Open loop should be defined as a scheme where there is no PMI reporting, but diversity gain can be obtained.  For semi-open loop, a suitable definition could be where long term PMI feedback is provided, but spatial diversity gain can still be obtained.  
A simple way to support open loop in NR is then to use non-PMI CSI reporting and a single antenna port CSI-RS.  If desired, precoder cycling or delay diversity could be used to virtualize gNB antennas to the single CSI-RS port in the same way as for DMRS, and so the CSI feedback could match what is applied to DMRS.  
Semi-open loop could be accomplished in a variety of ways, such as:
1. Report wideband W1+W2, using codebook subset restriction of W2 to select a fixed cophasing for xpol element pairs.  In this case, the CSI reporting is aligned at gNB and UE, in the sense that CSI feedback can match how DMRS is virtualized.  Precoder cycling or delay diversity can be supported transparently through virtualization of DMRS and/or CSI-RS.  Admittedly, this is not optimal in terms of CSI overhead for semi-open loop, since W2 is still reported (because codebook subset restriction does not normally alter payload size).  On the other hand, W2 needs only two bits for rank 1 transmission in some Type I CSI reporting configurations, which is not a great deal of overhead even for PUCCH reporting.  Furthermore, scenarios where many UEs require semi-open loop operation in a cell are not clear, as discussed above, and so wideband CSI overhead from UEs configured for semi-open loop may not be a significant issue. 
2. Report wideband CSI infrequently to obtain wideband, long term CSI, and CQI from a single beamformed CSI-RS port frequently.  The beamformed CSI-RS may have precoder cycling or delay diversity applied to it and use the same precoding as for DMRS ports.  Again, the CSI reporting will match the precoder cycling.  This ‘hybrid’ reporting is straightforwardly supported within the NR CSI framework.
3. Report wideband CSI infrequently to obtain wideband, long term CSI, and CQI from a two port beamformed CSI-RS port frequently.  Precoder cycling is applied to the DMRS, and the UE determines SINR assuming that precoding is used randomly on the two ports to determine the wideband SINR.  Consequently, the beamformed CSI-RS ports need not be precoder cycled, can be shared by UEs served by the same beams that do not need TxD.  In this case, the CSI reporting will not exactly match the precoder cycling on DMRS.  However, as will be seen in the simulation results below, there is not a significant impact on performance if the UE is not aware of the precoding cycling pattern used.
4. Furthermore, as noted in the introduction, PRG sizes can be dynamically indicated.  This could allow some further tradeoff of diversity gain for channel estimation gain, further supporting the use of semi-open loop operation.  
Observations:
· Open loop and Semi-open loop operation can be supported with existing mechanisms in the NR CSI framework
· There does not seem to be a strong need to optimize CSI reporting overhead by dropping e.g. i2 from wideband reporting.

There are an even greater variety of possible ways to implement CSI feedback for OL/semi-OL in addition to the above schemes that do not optimize CSI feedback or use specific cycling patterns.  This can be seen in the joint proposal [3] copied below, where CRI, W11/W12, W1, or W1 and W2 are candidate parameters for both beam direction information and for cycling.
· Support following CSI calculation and reporting for TS2.
· CSI reporting parameters include RI, CQI, and beam direction related information.
· Reporting of beam direction related information can be configured by gNB
· No reporting of beam direction related information is supported for OL MIMO
· The following can be considered beam direction related information for semi-OL MIMO
· CRI, W11/W12, W1 or W1 and W2
· CSI is calculated, assuming beam cycling in a given pattern:
· Cycling the following parameters can be considered for beam cycling:
· CRI
· W12/W11 and W2
· W2
· Inter-panel phase
· FFS how to determine cycling pattern (e.g. gNB indication, or predefined pattern)
· FFS the resource granularity of beam cycling

Given the lack of motivation for TxD in Rel-15 observed above, if beam direction information is not reported and some assumption on the unreported CSI is needed, the assumption should be as simple as possible.  One candidate could be what is done in LTE Rel-14, where beam selection components for W2 are fixed by codebook subset selection, but cophasing is accounted for.    
Observations:
· There appear to be a wide variety of (possibly divergent) open/semi-open loop CSI reporting proposals
· Complex mechanisms to support open-loop and semi-open loop CSI reporting are not justified 
Performance of Semi-OL With and Without Known i2
One of the key questions for open-loop and semi-open loop based precoder cycling is if knowledge of the precoder cycling pattern brings gain.  We present some initial simulation results of an extreme scenario where all UEs are outdoor and all travel at high speed (120 kmph) at 4 GHZ, and wideband CSI reporting is used.  The simulation parameters are presented in Table 1. 
In particular, we would like to point out that a BLER target of 25% is used in the simulations.  Since CSI is rather less accurate at high UE speeds, the usual OLLA BLER target of 10% tends to perform substantially worse than a higher BLER target such as 25%.  Investigations of BLER targets for PDSCH transmit diversity can be found in [5].
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	Parameter
	Value

	Scenarios
	3D RMa

	ISD
	1732 m

	Carrier frequency
	4 GHz

	gNB antenna
	8x2 X-pol array, no virt. 

	Traffic model
	FTP model 1, 100kB packets

	UE speed
	120 kmph

	UE distribution
	Random uniform, 100% UEs outdoor in vehicles

	Codebook
	32-port GOB-based; NR Type I L=4 beam grouping

	Receiver
	Imperfect channel estimation and modeling, LMMSE-IRC

	Precoder cycling base
	Per PRG (3 PRBs)

	CSI Reporting
	Wideband CQI/PMI/RI

	BLER Target
	25%



Two semi-open-loop schemes have been tested to investigate the potential gains. We compare a scheme with randomized PMI feedback for   where the UE is aware of which  is used in CQI calculations, and a scheme where the randomized co-phasing is performed at the gNB and the UE is unaware of the  used by gNB.   
Table 2 shows the gains of CQI computation where   is known over the randomized   where it is not known.  We observe that there is essentially no gain (we observed a 1% loss) at low load, and a minimal gain at medium loads (3% mean and 10% cell edge).

[bookmark: _Ref451689224]Table 2 Gain of i2 feedback knowledge in RMa 
	
	User Throughput Gain

	Load 
	Mean 
	5% 

	20% RU
	-1%
	-1%

	50% RU
	3%
	10%



Observations:
· Gains of exact i2 knowledge seem limited
· With all UEs at 120 kmph and at 4 GHz, knowledge of the i2 cycling pattern vs. where i2 is unknown to the UE provided a 3% mean, 10% cell edge throughput gain.
Conclusions
In this contribution, we have considered various approaches to implement CSI feedback for transparent TxD transmission and provide some initial results on the system level performance benefits of i2 feedback knowledge.  We made the following observations:
Observations:
· Open loop and Semi-open loop operation can be supported with existing mechanisms in the NR CSI framework
· There does not seem to be a strong need to optimize CSI reporting overhead by dropping e.g. i2 from wideband reporting.
· There appear to be a wide variety of (possibly divergent) open/semi-open loop CSI reporting proposals
· Complex mechanisms to support open-loop and semi-open loop CSI reporting are not justified
· Gains of exact i2 knowledge seem limited
· With all UEs at 120 kmph and at 4 GHz, knowledge of the i2 cycling pattern vs. where i2 is unknown to the UE provided a 3% mean, 10% cell edge throughput gain.

Given these observations, we propose:
Proposal:
· Consider further whether additions are needed to the mechanisms already supported in the NR CSI framework in order to support open loop or semi-open loop operation in NR.
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