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Introduction
Support for closed loop and (semi-)open loop transmission for PDSCH was agreed in RAN1#87, while the number of codewords per layer is still essentially FFS:
Agreements:
· Support at least the following DMRS based DL MIMO transmissions for data in NR,
· Scheme 1: Closed-loop transmission where data and DMRS are transmitted with the same precoding matrix
· Demodulation of data at the UE does not require knowledge of the precoding matrix used at the transmitter
· Note: spatial multiplexing and rank-1 are included
· Scheme 2: Open loop and Semi-open loop transmissions where data and DMRS may or may not be restricted to be transmitted with the same precoding matrix
· Demodulation of data at the UE may or may not require knowledge of the relation between DMRS ports and data layers
· Note: DMRS can be precoded or not precoded
· Study the transmission schemes, e.g., SFBC, Large delay CDD, Layer shifting, small delay  CDD
· Study the selection of transparent and/or non-transparent DMRS
· Transparent DMRS: DMRS and data precoded identically
· Non-transparent DMRS: DMRS  and data precoded differently

Agreements:
· The number of codeword(s) per one scheduled physical data channel in NR both for DL and UL
· For 1-2 MIMO layers – FFS between 1 codeword and 2 codewords
· For 3-8 MIMO layers FFS among
· Alt 1: 1 codeword
· Alt 2: 2 codewords
· [bookmark: _GoBack]Alt 3: >= 3 codewords
· Study the above alternatives taking into account performance of NC-JT transmission from two or more beams/TRPs, overhead in DCI/UCI (ACK/NACK, CQI)
· Study support of overhead reduction schemes such indication for the maximum number of MIMO layers from TRP, ACK/NACK spatial bundling, etc.
· Study possible use of different modulations in single codeword
· Study the possibility of  configurable number of codewords per UE by NW

This contribution compares the complexity and performance of potential (semi-)open loop schemes for diversity and spatial multiplexing, as well as considers the schemes’ use cases for PDSCH and their performance in interference.  Recommendations are made on what schemes should be supported and configured.
Open Loop Schemes for Diversity and Spatial Multiplexing
We discuss 4 transmission basic schemes in two groups, for rank 1 and rank 2 transmission, respectively.  While not explicitly considered, the same principles apply to ‘semi-Open-Loop’ schemes where a large number of TXRUs beamform a physical channel over a small number of antenna ports.  In these (semi-)open loop cases, the beamforming is determined by the gNB e.g. through reciprocity, long term PMI feedback, or other DL RS measurements, and TXRUs are virtualized down to, say, 2 DMRS ports.  Diversity transmission is then applied on top of these beamformed DMRS ports.
Diversity Schemes
Rank 1 Tx diversity schemes under consideration for NR can be broken down into two categories, represented by space-time/frequency codes such as SFBC, and precoder cycling.  These schemes are described in more detail in [1], and summarized here.

SFBC schemes use a unitary transformation of two antenna ports across two REs to provide full diversity order without bandwidth expansion.  Because a single layer is transmitted with two precoding combinations, two DMRS ports must be transmitted.  This doubling of the required number of DMRS ports reduces DMRS SINR, increasing the overhead of SFBC relative to single antenna or rank 1 closed loop transmission.  Furthermore, the SFBC transformation leads to a symbol pairing requirement, which can complicate rate matching with ‘orphan REs’, and ultimately limits the ability of MMSE IRC receivers to suppress interfering SFBC transmissions.

Precoder cycling is a straightforward way to randomize the effective channel to a UE by varying the precoder in the frequency domain.  Rather than pairing resources, precoder cycling relies on the FEC to allow the same information to be transmitted with different precoding.  This reliance on FEC means that it can perform equivalently to SFBC only at sufficiently low code rate.  Other than this reliance on FEC, precoder cycling is quite similar to SFBC.  Because the precoder cycling should be as quick as possible to maximize diversity gain, precoder cycling should be varied per RE, which means that 2 DMRSs are needed.  Also similar to SFBC, when UEs perform interference covariance estimation over adjacent cycled REs, UEs in neighbor cells will see per-RE precoder cycled transmissions as rank 2 interference.  

It is also possible to use cycle precoding while changing the precoder once per PRB or once per N PRBs.  While the performance benefits of such per-N-PRB cycling can be less than that of per-RE cycling for sufficiently narrowband transmissions, it can be done transparently to the UE.  Consequently, transparent per-N-PRB cycling can be an alternative to specifying TxD, in particular per-RE precoder cycling.  

Observations:
· Precoder cycling is simple, avoiding problems such as the ‘orphan RE’
· SFBC is somewhat more complex, but allows improved performance at higher code rates
· Both schemes
· Have reduced DMRS SNR as compared to rank 1 closed loop MIMO
· Produce rank 2 interference to neighbor cells
· Transparent precoder cycling can be an alternative to specified TxD, at least to per-RE precoder cycling.
Spatial Multiplexing Schemes
Diversity in spatial multiplexing transmission can come from mapping a codeword to multiple layers.  When codeword to layer mapping is designed such that the number of codewords is less than the number of layers, this ‘layer-diversity’ comes automatically.  On the other hand, when an SU-MIMO codeword is transmitted on only one layer, additional mechanisms may be needed to ‘mix’ the MIMO layers that the codeword is transmitted on in order to make the transmission more robust, e.g. when there is insufficient CSI for good link adaptation.   This ‘layer mixing’ can essentially average the SINR of the two layers, making multi-layer SU-MIMO more robust, and potentially allowing a single CQI feedback for both codewords.  

There are two well known ways for robust spatial SU-MIMO transmission with multiple codewords: large delay CDD, and layer permutation.  As described in more detail in [1], large delay CDD and layer permutation have the same performance, while large delay CDD is somewhat more complex to implement in UE and eNB, requiring eNB to cope with the sum and difference of layers and UE to synthesize DMRS channel estimates.  

Observations:
· For OL MIMO with 2D cross-pol arrays, at most rank 2 (using two port DMRS) is sufficient 
· Long term beamforming can be applied on all ports except across the polarization ports
· Large delay CDD has the same performance as layer shifting, but is somewhat more complex:
· It requires eNB transmit paths to cope with the sum and difference of layers
· UE must synthesize the effective channel from DMRS
Diversity Transmission Performance and Interference Suppression
As discussed above, per-RE based transmit diversity schemes produce rank 2 interference to UEs in neighbor cells.  Consequently, there is a tradeoff between diversity gain and suppress interference. In order to better understand this tradeoff, we compare the performance of transmit diversity with an MMSE-IRC receiver to that of closed-loop transmission with MMSE-IRC.  We provide results from LTE simulations to illustrate the principles.
A high-mobility scenario with UEs traveling at 120 kmph was simulated for a 3D UMa scenario with the simulation parameters presented in Table 1. The baseline scheme designates the Rel-10 closed-loop transmission with  PUSCH 3-1 feedback, whereas the other scheme is the semi-open loop with randomized PMI feedback for   where the UE is aware of which  is used in CQI calculations. Precoder cycling for the latter scheme is done on a per-resource block basis. Again, both schemes employ the IRC receiver, and the aim of the corresponding simulation is to compare the performance of the two, i.e., IRC without diversity vs. IRC with diversity.
Table 1 Summary of the simulations assumptions
	Parameter
	Value

	Scenarios
	3D UMa

	ISD
	500 m

	Carrier frequency
	2 GHz

	eNB antenna
	8x2 X-pol array, 2x1virt., tilt 122°

	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; Config-2-type setup

	Receiver
	Imperfect channel estimation and modeling, MMSE-IRC

	Precoder cycling base
	Per resource block



Simulation results are provided in Table 2, indicating the mean and cell-edge throughput values. As seen from the table, the performance of IRC with Tx diversity is worse than the baseline in terms of both mean and cell-edge throughput. The loss, furthermore, increases progressively with the system load.   We note that losses due to rank 2 interference from TxD are also observed in [1] and [2].
Table 2 Simulation results for the 3D UMa scenario
	Baseline RU
	Scheme
	Mean UPT gain
	Cell-edge UPT gainx

	20%
	IRC w/o TxD
	----
	----

	
	IRC w/ TxD
	0%
	-9%

	50%
	IRC w/o TxD
	----
	----

	
	IRC w/ TxD
	-11%
	-27%



Observation:
· TxD can significantly degrade the performance of the MMSE IRC receiver
· Performance with TxD can be worse than when TxD is not used due to the inability to suppress interference.
Use Cases for (Semi-)Open Loop Transmission
Coherent multi-TXRU PDSCH to a UE transmission always outperforms diversity PDSCH transmission to that UE when accurate CSI is available at eNB.  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 [3] 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.  Additionally, if PDSCH is to be broadcast or multicast to many UEs, then UE specific precoding is not beneficial, although diversity transmission may be beneficial.
Spatial diversity gains are a strong function of the required reliability and amount of frequency and time diversity already available.  Consequently, the most benefit from diversity is to be expected when highly reliable transmission, and/or low latency are required, or there is insufficient delay spread to provide good frequency diversity.  Therefore, diversity is a key mechanism for providing ultra-high reliability for URLLC [4].
The amount of time or frequency diversity can be further reduced by the need to reserve time or frequency resources in coordination schemes or to improve QoS.  For example, URLLC transmission may require reservation of a few PRBs, MBSFN transmissions may occur only in certain time resources, etc.  Furthermore, reserving resources reduces interference, which may help mitigate the degraded MMSE IRC performance discussed above.
Observations:
· TxD is not beneficial under all conditions
· It tends to perform worse than precoding / co-phasing for unicast transmission when good CSI is available
· Low latency, high reliability applications seem the best driver for TxD
· Frequency and/or time resources may be reserved to carry traffic for these applications
· This reduces time and frequency diversity order and introduces more variability in the code rate
· Reserving resources reduces interference, and so may help mitigate reduced IRC efficiency caused by TxD.
As discussed above, SFBC outperforms precoder cycling especially at higher code rates, and precoder cycling on a per-PRG basis is possible by eNB implementation.  Given the potential code rate variability of URLLC applications e.g. due to rate matching, SFBC seems to have greater potential than precoder cycling schemes.
Note that the use cases for TxD are somewhat different from spatial multiplexing, where interference is automatically rank 2, and where there is no channel estimation penalty, since two DMRS ports are anyway needed for rank 2 transmission.
Proposals:
· Provide robust rank 2 spatially multiplexed PDSCH using single codeword transmission
· If multi-codeword transmission is specified for rank 2 NR SU-MIMO, support OL MIMO with layer shifting 
· If transmit diversity or open loop MIMO operation is specified for NR PDSCH
· Use SFBC for TxD (rank 1)
· Specify mechanisms to quickly switch to closed loop MIMO or single antenna transmission
Conclusions
This contribution has considered potential designs of open loop transmission schemes, leading to the following observations and proposals:
Observations:
· Precoder cycling is simple, avoiding problems such as the ‘orphan RE’
· SFBC is somewhat more complex, but allows improved performance at higher code rates.
· Both precoder cycling and SFBC
· Have reduced DMRS SNR as compared to rank 1 closed loop MIMO
· Produce rank 2 interference to neighbor cells
· Transparent precoder cycling can be an alternative to specified TxD, at least to per-RE precoder cycling.
· For OL MIMO with 2D cross-pol arrays, at most rank 2 (using two port DMRS) is sufficient 
· Large delay CDD has the same performance as layer shifting, but is somewhat more complex
· TxD (both rank 1 precoder cycling and SFBC) can significantly degrades the performance of IRC
· Performance of TxD can be worse than when TxD is not used due to the inability to suppress interference.
· TxD is not beneficial under all conditions
· It tends to perform than worse precoding / co-phasing for unicast transmission when good CSI is available
· Low latency, high reliability applications seem the best driver for TxD
· Frequency and/or time resources may be reserved to carry traffic for these applications
· This reduces time and frequency diversity order and introduces more variability in the code rate
· Reserving resources reduces interference, and so may help mitigate reduced IRC efficiency caused by TxD.
Proposals:
· Provide robust rank 2 spatially multiplexed PDSCH using single codeword transmission
· If multi-codeword transmission is specified for rank 2 NR SU-MIMO, support OL MIMO with layer shifting 
· If transmit diversity or open loop MIMO operation is specified for NR PDSCH
· Use SFBC for TxD (rank 1)
· Specify mechanisms to quickly switch to closed loop MIMO or single antenna transmission
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