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 Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. The following agreements were made in RAN1 January AH NR Meeting for Transmission scheme 2
Agreement: 
· 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

In RAN1#89, the following agreements were made regarding Transmission scheme 2
Agreement: 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
Since NR does not support transmission scheme 2 explicitly for PDSCH transmission. This means that without indicating to the UE, the network can switch to transmission scheme 2. However, the network can’t decide to switch the transmission scheme 2 on its own.  In this contribution we discuss about the CSI feedback details which enables the network to decide whether to switch to transmission scheme 2 and vice versa. 
Switching between Closed loop MIMO and PRG Precoder Cycling for PDSCH 
[bookmark: _Ref378529477][bookmark: _GoBack]We envision NR should support adaptive MIMO scheme such that for some scenarios closed loop MIMO is used and other scenarios it should use random precoder cycling which is transparent to the UE. As an example of a use case of switching between closed loop MIMO and PRG precoder cycling is High Doppler scenario. 
[image: ]
Figure 1 Spectral efficiency of closed loop MIMO and Rank-1 precoder cycling as a function of Doppler frequency
Figure 1 shows the spectral efficiency for closed loop MIMO system with 4 Transmit and 4 receive antennas at high SNR of 25 dB for different UE speeds (shown in Doppler frequency). We can observe that as we increase the UE speed the throughput decreases due to the outdated channel state information.  We also plotted the performance with rank1 precoder cycling where the UE feedback only CQI. It can be observed that at high Doppler the performance of rank 1 precoding is better compared to that of closed loop MIMO mode. 
Hence one use case of switching between the closed loop and random precoder cycling is based on the UE Doppler frequency as shown in Figure 2, where the network schedules PDSCH with PRG  precocoder cycling when the UE is moving with high Doppler  and schedules PDSCH with closed loop MIMO when the UE speed is below certain threshold.
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Figure 2 Conceptual diagram of Switching between closed loop MIMO and Random precoder cycling

CSI Feedback for Supporting the Transition between Closed Loop and PRG Precoder Cycling
Note that the network has the liberty to schedule PDSCH either in closed loop MIMO or PRG  precoder cycling without any assistance form the UE. For example, the network can estimate the speed/Doppler of the UE and schedule it accordingly. However, in our view estimating the UE Doppler frequency at the network is not accurate and cumbersome.  Since the UE is in better position to determine the speed, we recommend that the UE should indicate the speed/Doppler metric to the network as part of CSI report.  One example of such CSI report is if the UE is moving with a low speed, or medium speed or High speed as shown in Table 1. Note that the CSI report can be periodic and aperiodic.
	Bit combination
	Interpretation

	00

	Low Doppler

	01

	Medium Doppler

	10
	High Doppler 



For reducing the overhead, we can envision, if the UE can recommend whether it prefers closed loop MIMO or PRG precoder cycling, then the signalling overhead is reduced by 1 bit.  
Proposal 1:  For efficient transition between closed loop MIMO and PRG precoder cycling, the CSI report should indicate the a speed metric of the UE
 Proposal 2:  For efficient transition between closed loop MIMO and PRG precoder cycling, the CSI report should indicate a recommendation from the UE about which mode it prefers

[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this contribution, we provide our views on CSI feedback for closed loop and semi open loop MIMO schemes. Based on our observations, we have the following proposal:
Proposal 1:  For efficient transition between closed loop MIMO and PRG precoder cycling, the CSI report should indicate the a speed metric of the UE
 Proposal 2:  For efficient transition between closed loop MIMO and PRG precoder cycling, the CSI report should indicate a recommendation from the UE about which mode it prefers

[bookmark: _Ref450342757]





2/4
image1.emf
0 50 100 150 200 250 300 350 400 450

Doppler frequency

3

4

5

6

7

8

9

10

11

12

S

p

e

c

t

r

a

l

 

E

f

f

i

c

i

e

n

c

y

 

i

n

 

b

p

s

/

H

z

Closed loop MIMO

Rank1 precoder cycling


