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1 Introduction

In RAN1#87 and AH meetings, the following agreements were achieved. [1]

 REF _Ref474153785 \r \h 
[2]
· 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
· 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 this contribution, we investigate transmission scheme 2 for DL data channel transmission. We first discuss rank-1 and then rank-2 transmission scheme 2. For rank-1 transmission scheme 2, the important issue of interference estimation is discussed and performance comparison is made.
2 Transmission scheme 2 for rank 1

SFBC, small-delay CDD (SD-CDD), RB-level precoder cycling and RE-level precoder cycling are four candidate schemes for transmission scheme 2 of NR. In this section, we first analyze the general advantages and disadvantages of the four transmission schemes, which are followed by simulation results. Finally, based on the analysis and simulation results, the proposal for rank-1 transmission scheme 2 is given. 
2.1 Analysis of advantages and disadvantages
· SFBC:
SFBC has been widely used in LTE due to its effectiveness in dealing with scenarios with no accurate CSI. SFBC transmission can provide a channel capacity with the full diversity order of two which cannot be provided by any other diversity schemes, as shown in the simulation part, i.e., section 2.2. This is extremely important for reliable transmission, e.g., URLLC, where very low BLER is required.
SFBC is a transmission scheme that employs two DMRS ports, which could bring down channel estimation quality due to lower DMRS density or power loss on DMRS compared to transparent rank-1 scheme. However, SFBC can perform channel estimation on bundled PRBs to improve channel estimation quality. As shown in section 2.2.1, the impaired channel estimation quality due to lower DMRS density or power loss can be compensated by PRB bundling for channel estimation, which guarantees that SFBC can outperform other transmission schemes. Regarding interference mismatch problem raised by some companies, it can be addressed by receiver algorithms. The detailed analysis has been provided in our contribution [6]. It can be observed that te performance of SFBC with considering interference rejection is the best among all open loop transmission schemes as shown in section 2.2.4, given the fact that the interference from SFBC transmission can be estimated [6]. “Orphan RE” issue occurs and complicates rate mating issue if there are an odd number of consecutive REs in frequency domain. However, orphan REs shall be avoided as much as possible by proper RS pattern design. Meanwhile, RE puncturing and/or single-port transmission on orphan REs, similar to LTE, can be considered, which hardly harm performance. 
Note that in LTE, SFBC transmission schemes, both CRS based and DMRS based, were carefully discussed and compared, then both of them adopted already, due to the robust performance of SFBC. In NR, to guarantee the robust performance for diverse scenarios of open loop transmission as shown in section 2.2, SFBC also should be adopted. 

· SD-CDD:
SD-CDD introduces small phase rotation on successive subcarriers to generate a frequency selective channel property. As a result, SD-CDD with artificial frequency diversity, can only achieve explicit performance gain for the frequency flat channel. But if the channel is already frequency selective, e.g., high frequency channels, there is no additional gain that can be obtained with SD-CDD. The other issue is that, with SD-CDD, the PRB bundling for channel estimation is not so useful for artificial frequency selective channels. Finally, SD-CDD can hardly achieve diversity gain, especially for the scenario where there is high correlation between effective channels [7].
· RB-level precoder cycling:

The link robustness of RB-level precoding cycling can only rely on cycling precoders, especially the number of cycling precoders. RB-level precoder cycling can achieve frequency diversity with the granularity of RB level, which makes its diversity gain limited by the frequency selectivity of channels. Since the frequency selective channel is averaged to use only one precoder in each RB and the number of scheduled RBs for each UE is constrained, the performance gain of RB-level precoder cycling would be very limited. Furthermore, PRB bundling for channel estimation would become unavailable if there is dramatic change of precoders on DMRS between RBs, which deteriorates channel estimation quality. 
If PRB bundling based channel estimation is to be used, the bundled RBs should be with the same precoding, which is PRG-level precoder cycling. However, PRG-level precoder cycling would lose even more frequency diversity, which also significantly limits the performance, as shown in 2.2.1. Finally, it is worth noting that RB-level precoder cycling is hardly be achieved effectively when the number of transmit antenna elements of a TRP is limited, especially for only two transmit antennas available. The more cycling precoders require more transmit antenna elements, which implies that precoder cycling cannot be used or is used without guarantee of performance, especially for a relatively small number of transmit antenna elements.
· RE-level precoder cycling:

RE-level precoder cycling is a non-transparent scheme, and the precoder cycling pattern needs to be indicated to UEs or specified. 

Similar to RB-level precoder cycling, RE-level precoder cycling also depends on the number of cycling precoders. The performance of RE-level precoder cycling is improved over RB-level precoder cycling by cycling precoders over REs, instead of RBs. However, this introduces more DMRS RE overhead or lower per-precoder DMRS RE density for estimating different effective channels in a RB/RB group. These effective channels represent different cycling precoders. Similar to RB-level precoder cycling, RE-level precoder cycling is not capable of supporting PRB bundling based channel estimation if there is dramatic change of precoders on DMRS between RBs. If PRB bundling based channel estimation is to be supported, REs for the same DMRS port would be distributed across PRBs. However, this lowers the granularity of precoder cycling and therefore limits the performance.
There exist serious interference estimation issues for RE-level precoder cycling. If a UE, with any kind of transmission scheme, would suffer from interference from RE-level precoder cycling, each subcarrier would experience very different interference (with different beams), which is different from the interference estimation from closed loop transmission. As a result, the UE needs to know whether the interference is from closed loop transmission or RE-level precoder cycling. The detailed analysis of the interference issue is provided in Appendix.
2.2 Simulation results
In this section, simulation results of above 4 transmission schemes are provided
, where the simulated schemes and key configurations are listed in Table 1, and the detailed simulation parameters are given in Appendix. The DMRS pattern in [3] is employed in simulation. 
Table 1 Simulated transmission schemes and key configurations
	
	Precoding and feedback
	DMRS

	16/32 Tx at gNB 
	SFBC
	Antennas for each of two polarizations would beamform a port based on two independent long-term wideband precoder feedback for both polarizations.
	2 DMRS ports with total 6 REs 

	
	SD-CDD
	Antennas for each of two polarizations would beamform an effective channel based on two independent long-term wideband precoder feedback for both polarizations.
	1 DMRS port with total 6 REs 

	
	RB-level precoder cycling 
	RB-level cycling of 4 reported beams as well as 4 co-phases for a polarization. Each RB uses one reported beam as well as one co-phase. [4]
	1 DMRS port with total 6 REs 

	
	PRG-level precoder cycling
	configuration 1
	Each PRG consists of 4 RBs. PRG-level cycling as well as 4 co-phases of 4 reported beams for a polarization. Each PRG uses one reported beam as well as one co-phase.
	1 DMRS port with total 6 REs 

	
	
	configuration 2
	Each PRG consists of 2 RBs. PRG-level cycling as well as 4 co-phases of 4 reported beams for a polarization. Each PRG uses one reported beam as well as one co-phase.
	

	
	RE-level precoder cycling
	configuration 1
	RB-level cycling of 4 reported beams for a polarization and RE-level cycling of 4 co-phases. Each RB uses one reported beam and 4 co-phases. [4]
	4 DMRS ports with total 12 REs 

	
	
	configuration 2
	RB-level cycling of 4 reported beams for a polarization and RE-level cycling of 4 co-phases. Each RB uses one reported beam and 2 co-phases.
	2 DMRS ports with total 6 REs 

	
	
	configuration 3
	Same as configuration 1.
	4 DMRS ports with total 8 REs 

	
	
	configuration 4
	Same as configuration 2.
	2 DMRS ports with total 4 REs 

	2 Tx at gNB
	SFBC
	N/A
	2 DMRS ports with total 6 REs

	
	SD-CDD
	N/A
	1 DMRS port with total 6 REs 

	
	RB-level precoder cycling 
	N/A
	1 DMRS port with total 6 REs

	
	RE-level precoder cycling 
	N/A
	2 DMRS ports with total 6 REs


2.2.1 Coding rate case
We first investigate the performance of different schemes with different coding rates. Fig. 1 shows the performance comparison for high coding rate (CR) = 3/4 and low CR = 1/2 in the 16-Tx 3kmph scenario, respectively. In the simulation, unless otherwise stated, SFBC employs channel estimation based on PRB bundling in section 2.2. The PRB bundling size is 4 for SFBC. 
For high CR in Fig. 1 (left), SFBC, especially with PRB bundling based channel estimation, shows significant performance advantage compared to other transmission schemes. With double DMRS overhead than SFBC, RE-level precoder cycling configuration 1 still shows worse performance than SFBC, due to the fact that its spatial diversity is not comparable with SFBC. 
With bundling size of 4, PRG-level precoder cycling employs PRB bundling for channel estimation, which even worse performance even than RB-level precoder cycling in lower BLER area, due to losing too much frequency diversity. 
For low CR in Fig. 1 (right), SFBC is still the transmission scheme with the best performance, although its advantage is not as large as high CR. It is due to the fact that low CR compensates the relatively lower spatial diversity of SD-CDD, RB-level cycling/PRG-level precoder cycling and RE-level cycling. 
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Fig. 1 Performance comparison between transmission schemes for different CRs
Observation 1: For both high CR and low CR, SFBC outperforms SD-CDD, RB-level precoder cycling/PRG-level precoder cycling and RE-level precoder cycling significantly.
2.2.2 Case for a small number of Tx
A small number of Tx, e.g., 2Tx, would be still widely deployed for NR gNBs. For high CR as in Fig. 2 (left), SFBC, with PRB bundling size of 4, provides the best performance by a significant performance gap over other transmission schemes. For low CR as in Fig. 2 (right), SFBC still outperforms other transmission schemes. In other words, SFBC is the best choice for the 2-Tx case, e.g., 2-Tx URLLC scenario. From Fig. 2, we can see that SFBC is the best-performance solution among the four transmission schemes for the 2-Tx scenario.
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Fig. 2 Performance comparison between transmission schemes for 2 Tx 

Observation 2: SFBC outperforms SD-CDD, RB-level precoder cycling and RE-level precoder cycling for the case of a small number of Tx.
2.2.3 Case for a small number of scheduled RBs

The case of a small number of scheduled RBs is of significance for some small-packet usages. Fig. 3 shows the performance comparison for 5 scheduled RBs. For high CR in Fig. 3 (left), SFBC, with PRB bundling size of 5, shows significant performance advantage compared to other transmission schemes. For low CR in Fig. 3 (right), SFBC is still the transmission scheme with the best performance, although its advantage is not as large as high CR. Based on Fig. 1 and Fig. 3, it can be observed that SFBC is the most robust transmission scheme regardless of the number of the scheduled RBs.
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Fig. 3 Performance comparison between transmission schemes for 5 scheduled RBs
Observation 3: SFBC outperforms SD-CDD, RB-level precoder cycling and RE-level precoder cycling for the case of a small number of scheduled RBs.
2.2.4 Case for interference rejection
We provide link-level simulation results of SFBC, SD-CDD and RB-level precoder cycling with the interference link to prove the performance advantage of SFBC using joint-port interference estimation, as in Fig. 4. 20 scheduled RBs are assumed in the simulation. No PRB bundling for channel estimation is employed. For the serving SFBC link, the serving SD-CDD link and the serving link of RB-level precoder cycling, the interference with signal to interference ratio of 0dB is assumed coming from the interfering SFBC link, the interfering SD-CDD link and the interfering RB-level precoder cycling link, respectively. The serving SFBC UE performs interference rejection using joint-port interference estimation. It can be found that with interference rejection, SFBC outperforms SD-CDD and RB-level precoder cycling significantly.
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Fig. 4 Performance comparison between SFBC, SD-CDD and RB-level precoder cycling with interference rejection
Observation 4: SFBC outperforms SD-CDD and RB-level precoder cycling significantly for the case of interference rejection.
2.2.5 Case for URLLC

URLLC is an important NR scenario which requires ultra transmission reliability. Fig. 5 compares transmission schemes with the URLLC simulation parameters as in Appendix. CR of 1/3 and QPSK modulation are employed, which result in 4 scheduled RBs. It can be observed that SFBC, with PRB bundling size of 4, outperforms other transmission schemes significantly. It is worth noting that the lower BLER, the larger performance advantage of SFBC over other transmission schemes.
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Fig. 5 Performance comparison between transmission schemes for URLLC
Observation 5: SFBC outperforms SD-CDD, RB-level precoder cycling and RE-level precoder cycling for the URLLC case.
Based on the analysis and simulation results, it can be obtained that SFBC outperform the other scheme and provide robust performance. Therefore, SFBC is the best choice for rank-1 open loop transmission scheme suitable for diverse NR scenarios requiring link robustness.

Considering the aforementioned good trade off between performance, diversity of applicable scenarios, DMRS overhead and interference rejection capability, SFBC would be the best choice of the rank-1 open loop transmission scheme for NR.

Proposal 1: NR MIMO should support SFBC for rank-1 open-loop transmission of data channel.
3 Transmission scheme 2 for rank>1
Rank>1 open loop transmission would require single codeword mapped to more than one rank, which introduces diversity between layers. It is expected that open-loop transmission would not support a very large number of MIMO layers due to its open-loop precoding mechanism. Therefore, similar to LTE/LTE-A, open loop transmission should be limited to rank-4 data channel in NR.

As it has been used in TM3 of LTE, LD-CDD serves for up to rank-4 open-loop spatial multiplexing while CSI is not accurate enough. The general precoder structure of LD-CDD is composed of a DFT matrix for spatial multiplexing, a matrix for per-subcarrier CDD and a matrix for per-subcarrier/per-RB random beamforming. The robustness between layers for LD-CDD comes from both random beamforming and CDD operation, which makes it a very robust transmission scheme. It is worth noting that LD-CDD has been successfully used in LTE. The possible replacement by other transmission scheme in NR should make sure that the replacing transmission scheme can provide better tradeoff between throughput and robustness than LD-CDD.
Layer shifting is the other way to provide diversity between layers. Compared to LD-CDD, layer shifting has a simpler precoder structure, composed of a layer-permutation matrix and a per-subcarrier/per-RB beamforming. It is still unclear how layer shifting is compared to LD-CDD from performance point of view especially with more than 2 ranks, and more evaluation is needed. It would have noticeable impact on the achievable throughput.
By randomizing effective channels across the RB, precoder cycling is also capable of transmitting multiple layers with robustness. It is worth noting that the link robustness of precoding cycling can only rely on cycling precoders. However, there are some issues for precoder cycling. Firstly, precoder cycling would require more cycling precoders than LD-CDD/layer shifting to achieve robustness, due to the fact that it lacks CDD matrices/layer shifters. The more cycling precoders implies more transmit antenna elements, which implies precoder cycling cannot be used as widely as LD-CDD/layer shifting, especially for a relatively small number of transmit antenna elements. Secondly, the relatively more cycling precoders would induce more DMRS overhead. Thirdly, similar to rank-1 transmission, rank>1 precoder cycling, especially RE-level precoder cycling, has significant performance loss on high channel coding rate (e.g., coding rate = 3/4), which, would make it not suitable for scenarios requiring high-enough spectral efficiency (e.g., eMBB). Finally, RE-level precoder cycling would cause serious interference estimation problem, similar to the rank-1 case.
Based on the aforementioned analysis, LD-CDD is the best choice for rank>1 open loop transmission for NR.
Proposal 2: NR MIMO should support LD-CDD for up to rank-4 open-loop spatial multiplexing transmission of data channel.

4 Conclusions
The contribution analyzes the interference estimation problem for open loop transmission, based on which the following observations and proposals are made.
Observation 1: For both high CR and low CR, SFBC outperforms SD-CDD, RB-level precoder cycling/PRG-level precoder cycling and RE-level precoder cycling significantly.
Observation 2: SFBC outperforms SD-CDD, RB-level precoder cycling and RE-level precoder cycling for the case of a small number of Tx.
Observation 3: SFBC outperforms SD-CDD, RB-level precoder cycling and RE-level precoder cycling for the case of a small number of scheduled RBs.
Observation 4: SFBC outperforms SD-CDD and RB-level precoder cycling significantly for the case of interference rejection.
Observation 5: SFBC outperforms SD-CDD, RB-level precoder cycling and RE-level precoder cycling for the URLLC case.
Proposal 1: NR MIMO should support SFBC for rank-1 open-loop transmission of data channel.
Proposal 2: NR MIMO should support LD-CDD for up to rank-4 open-loop spatial multiplexing transmission of data channel.
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Appendix

Table 2 Simulation parameters

	Parameter
	Value

	Carrier frequency
	4GHz

	Subcarrier spacing 
	15kHz/60kHz

	Delay spreading
	300ns

	Scheduled RB number
	20/5/4

	Channel model 
	CDL-B/CDL-A

	UE speed
	3kmph

	BS antenna configurations
	(M, N, P, Mg, Ng)= (2,4,2,1,1)/(1,2,1,1,1)/(4,4,2,1,1)
(dV, dH) = (0.5, 0.5)λ/(0.5, 4)λ

	BS antenna pattern
	θ3dB=φ3dB=65°
Max Gain = 8dBi
SLAV=Am=30
polarization angles are -45° and +45°

	UE antenna configurations
	(M, N, P, Mg, Ng)= (1,1,2,1,1)/(1,2,2,1,1)
(dV, dH) = (0.5, 0.5)λ

	UE antenna pattern
	Omni-directional
polarization angles are 0° and 90°

	Channel Estimation
	Real

	Modulation
	QPSK/16QAM

	Coding rate
	(1/2)/(3/4)/(1/3)

	PHY Packet size for URLLC
	32 bytes


· Interference estimation issue for RE-level precoder cycling
For RE-level precoder cycling, there would be two options to associate DMRS port(s) with relevant data in a RB.

· Alt. 1 – There are n (n >1) ports of data REs and n ports of DMRS REs (or called n groups), with each port of data REs and its associated DMRS port of REs using the same precoding. n ports of DMRS REs are used to demodulate the associated data port.  In this case, the larger n, the more DMRS RE resource required if per-precoder DMRS RE density is fixed or the lower per-precder DMRS RE density if total DMRS RE resource is fixed.
· Alt. 2 – There is only non-precoded DMRS RE resources associated with n groups of data REs. Each data group features its unique precoding. In this case, how to design DMRS for estimating the high-dimension non-precoded channel would become a serious issue.
When RE-level precoder cycling acts as the interference, we investigate what would happen if RE-level precoder cycling employs the conventional interference estimation across a RB. The demodulation of the serving RE-level precoder cycling would have two different outcomes corresponding to the two aforementioned DMRS-to-data association alternatives, respectively. 

· DMRS-to-data association Alt.1 related – Since UE has no knowledge that each of n DMRS ports (or called n groups) is only associated with partial data RE, the interference channel interpolation of the same DMRS-port REs would be effective for all data REs in a RB. This makes interference estimation fails to reflect different precoding on different data groups and is therefore inaccurate.
· DMRS-to-data association Alt.2 related – Since UE has no knowledge that DMRS is non-precoded and data REs are all precoded, the interference channel interpolation of the DMRS REs would still happen across a RB. This makes interference estimation fails to reflect the precoding on data REs and is therefore inaccurate.
Based on the above analysis, it can be found that the serving RE-level precoder cycling link can hardly estimate the interference accurately while not aware of the interfering RE-level precoder cycling link.

Observation 1: For acquiring accurate interference estimate, the serving RE-level precoder cycling link needs to be aware whether the interference link uses RE-level precoder cycling or not.
If the UE is with RB-level precoder cycling or cloded loop spatial multiplexing, similar to the serving link of RE-level precoder cycling, the UE will suffer the same deteriorated interference estimates, when RE-level precoder cycling acts as the interference link. It can be found that the serving link of RB-level precoder cycling/closed-loop spatial multiplexing also assume its interference is estimated as conventional closed-loop spatial multiplexing across a RB, which makes inaccurate interference estimation happen. 

When SFBC acts as the interference link, the serving link of RB-level precoder cycling/closed-loop spatial multiplexing would estimate interference channels of two DMRS ports of SFBC across the RB. Due to the fact that each DMRS port of SFBC is associated with all the data REs by using the same beamforming precoder, it makes the conventional interference estimation across a RB applicable for the interference link of SFBC. This observation is also stated in [5].

Observation 2: For acquiring accurate interference estimate, the serving link of closed-loop spatial multiplexing/RB-level precoder cycling needs to be aware whether the interference link uses RE-level precoder cycling or not.
· Summary of interference estimation issue
The analysis in section 2.2.1 is summarized. Assuming MMSE-IRC receiver, it can be found that the interference link of SFBC would only influence the serving link of SFBC, while the interference link of RE-level precoder cycling would influence the serving links of RE-level precoder cycling as well as closed-loop spatial multiplexing/RB-level precoder cycling.

Table 3 Influence of interference on the transmission scheme of the serving link 

	Is there influence on interference estimation for MMSE-IRC equalization?
	Serving link of SFBC
	Serving link of RE-level precoder cycling
	Serving link of closed-loop spatial multiplexing/RB-level precoder cycling

	Interference link of SFBC
	Yes
	N/A
	No

	Interference link of RE-level precoder cycling
	N/A
	Yes
	Yes

	Interference link of closed-loop spatial multiplexing/RB-level precoder cycling
	No
	No
	No


Observation 3: For MMSE-IRC receiver, the interference link of RE-level precoder cycling influences the serving links of both RE-level precoder cycling and closed-loop spatial multiplexing/RB-level precoder cycling.
� RBG-level precoder is regarded as the same type of scheme as RB-level precoder cycling with easy extension.





