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Introduction
In RAN1 NRAH2, some agreements are as follows [1].
Agreements:
· Regarding CSI-RS RE Patterns for CSI Acquisition, support at least the following CSI-RS RE patterns for CSI acquisition for OCC based CDM
	X
	Density [RE/RB/port]
	N
	(Y,Z)
	CDM
	Remark

	1
	>1, 1 
	1
	N.A.
	No CDM
	

	2
	1
	1
	(2,1)
	FD-CDM2
	

	4
	1
	2
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	

	8
	1
	2
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	

	16
	1
	2
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	

	32
	1, 1/2
	4
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	FFS, CDM8 details


· Note: The RE pattern for an X-port CSI-RS resource spans N ≥ 1 OFDM symbols in the same slot and is comprised of one or multiple component CSI-RS RE patterns, where a component CSI-RS RE pattern is defined within a single PRB as Y adjacent REs in the frequency domain and Z adjacent REs in the time domain (agreements in RAN1#88)
· Note: Density 1/2 is based on a PRB-level comb with the same comb offset value for all ports.
· Note: REs for CDM2 and CDM4(FD2,TD2) comprise adjacent REs
· Note: RAN1 will continue discussing adding more entries to the above table

Agreements:
· For partial-band CSI-RS, partial-band can be the same as bandwidth part
· FFS whether or not to have small values than the bandwidth of bandwidth part

Agreements:
· For CDM-8 in CSI-RS for CSI acquisition, support at least one of the following:
· Alt 1: Distributed across multiple of the component CSI-RS RE patterns
· Alt 2: Fully contained within one component CSI-RS RE pattern 
· For CDM-4, study further whether to support the ports being distributed across multiple of the component CSI-RS RE patterns

Agreements:
· CSI-RS resource with 1-port and 2-port for one OFDM symbol can be used for beam management
· Value of D>=1 represents RE/RB/port within a OFDM symbol.
· For the case of 1-port
· No CDM
· Subcarrier spacing within a PRB for D>1
· Even spacing
· Constant subcarrier spacing across PRB(s)
· Constant subcarrier spacing within a BWP
· FFS the values of D 
· For the case of 2-port:
· Reuse the same pattern as that of for CSI acquisition at least for D=1 (if supported)
· FFS: the potential number of CSI-RS OFDM symbols for beam management
· FFS: other values of X and D for beam management 
· In the LS to RAN4, add “RAN1 are discussing the respective possible limited set values of D for 1-port and 2-port CSI-RS resource, e.g., taking from {1, 2, 3, 4, 6}. RAN4 is also welcome to provide inputs to select the values of D for 1-port and 2-port CSI-RS resources, respectively”

In this contribution, we discuss remaining open issues in CSI-RS design for CSI acquisition.
Discussion 
CSI-RS pattern
In the last meeting, some preliminary CSI-RS patterns were determined. The patterns for X ≥ 4 ports are illustrated in Figure 1. We can see that the (2, 2) component CSI-RS resource is applied for all the agreed patterns. The CSI-RS resource patterns for X = 4, 8, 16, 32 are nested to each other. Two CDM patterns, i.e., FD-CDM2 and CDM4 (FD2-TD2), are used to multiplex the ports. The CDM pattern should span adjacent REs, while whether to be contained in one or multiple component CSI-RS pattern is FFS (Note that Figure 1 shows the case where a CDM pattern is contained in one component CSI-RS resource). The remaining issue lies in the following 4 aspects, 1) CSI-RS for X = 4 and X = 8 with N = 1, 2) CSI-RS patterns for X = 12 and X = 24, 3) whether to include more patterns for X = 16, and 4) the detailed CDM8 pattern for X = 24 and X = 32. In this part, we will discuss those 4 issues with some simulation results. 


Figure 1. Agreed CSI-RS patterns
CSI-RS pattern for X = 4 and X = 8 with N = 1
It has been agreed in RAN1 #89 meeting that NR should support upto 12 ports with N = 1 OFDM symbol. Hence, it is essential to have a CSI-RS pattern for X = 4 and X = 8 for N = 1, especially for fast CSI acquisition. The two CSI-RS patterns shown in Table 1 were proposed by [2] in the last meeting. Those patterns could provide robust channel estimation performance across all numerologies and various delay spread due to full power utilization and FD-CDM2. Besides, the CSI-RS resource pattern for X = 8 is a replica of CSI-RS resource, which is convenient for CSI-RS configuration.
Table 1. CSI-RS patterns for X = 4, X = 8 with N = 1
	
	X = 4, N = 1
	X = 8, N = 1

	CDM pattern
	FD-CDM2
	FD-CDM2

	Component CSI-RS pattern
	(2,1)
	(2,1)

	CSI-RS resource pattern
	[image: ]
	[image: ]

	Full power utilization
	Y
	Y



CSI-RS patterns for X = 12 and X = 24
The CSI-RS patterns for X = 12 in the last meeting are summarized in Table 2. For N = 1, the main argument lies in whether to use FD-CDM2 or FD-CDM4. The former CDM pattern does not have full power utilization given the 6dB power boosting limit, while the latter CDM pattern may suffer from channel estimation loss at large delay spread and large subcarrier spacing. 
Table 2. CSI-RS pattern for X = 12 proposed in RAN1 NRAH2
	X = 12
	Pattern 0
	Pattern 1
	Pattern 2
	Pattern 3

	N
	1
	1
	2
	2

	CDM
	FD-CDM2
	FD-CDM4
	FD-CDM2
	CDM4 (FD2-TD2)

	Component
	(2,1)
	(2,1) or (4,1)
	(2,2)
	(2,2)

	CSI-RS pattern
	[image: ]
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	[image: ]
	[image: ]

	Full power utilization
	N
	Y
	N
	Y



Figure 2 compares the MSE performance resulted by the two CDM patterns. We can see that FD-CDM4 is slightly better than FD-CDM2 at low SNR, while FD-CDM2 significantly outperforms FD-CDM4 at high SNR, and the gain due to channel decorrelation increases with delay spread and subcarrier spacing. The same observation was observed in Figure 3 from a perspective of MCS selection based on the reported CQI. In Figure 3, type I single panel codebook with subband PMI and CQI is assumed. The performance shows that although the gap between FD-CDM4 and FD-CDMs decreases compared to the MSE performance, the FD-CDM4 pattern results in very low MCS index. It is also worth noting that FD-CDM2 pattern is a replica of the CSI-RS pattern for X = 4 and N = 1. This structure is convenient for CSI-RS configuration. Hence, FD-CDM2 is preferred.
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Figure 2-1. MSE, DS = 300ns, X = 12 (6,1,2), pattern 0 vs pattern 1
[image: ]
Figure 2-2. MCS selection, DS = 300ns, X = 12 (6,1,2), pattern 0 vs pattern 1
For X = 12 and N = 2, Figure 3 shows that the two patterns shown in Table 2 achieve similar MCS selection results for different delay spread, different subcarrier spacing and high Doppler frequency. These two patterns are acceptable if X = 12 is supported by N = 2, as they are replicas of the agreed pattern for X = 4 and X = 8.

[image: ]Figure 3-1. MCS selection, DS = 100ns, Doppler = 300Hz, X = 12 (6,1,2), pattern 2 vs pattern 3
[image: ]Figure 3-2. MCS selection, DS = 300ns, Doppler = 300Hz, X = 12 (6,1,2), pattern 2 vs pattern 3

The CSI-RS patterns for X = 24 are shown in Table 3. The patterns 0 and 4 replicas of the FD-CDM2 pattern, while patterns 1 and 5 are replicas of the CDM4 (FD2-TD2) pattern. Besides, pattern 2 is related to FD-CDM4 pattern, the performance could be worse at large delay spread due to the same reason for the X = 12 case. The rest patterns, pattern 3, 6 and 7 are CDM8 patterns and will be discussed in Section 2.1.4. It is worth noting that it is difficult to achieve fast CSI acquisition for X = 24 ports due the computation complexity. From this perspective, N = 4 patterns are slightly preferred over N = 2 patterns, as N = 4 patterns does not take all the subcarriers of one RB so as to better multiplex with other RSs.
Table 3. CSI-RS pattern for X = 24 proposed in RAN1 NRAH2
	X = 24
	Pattern 0
	Pattern 1
	Pattern 2
	Pattern 3

	N
	2
	2
	2
	2

	CDM
	FD-CDM2
	CDM4 (FD2-TD2)
	FD-CDM4
	CDM8 (FD4-TD2)

	CSI-RS pattern
	[image: ]
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	Full power utilization
	N
	N
	N
	Y

	X = 24
	Pattern 4
	Pattern 5
	Pattern 6
	Pattern 7

	N
	4
	4
	4
	4

	CDM
	FD-CDM2
	CDM4 (FD2-TD2)
	CDM8 (FD2-TD4)
	CDM8 (FD4-TD2)

	CSI-RS pattern
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	Full power utilization
	N
	Y
	N
	N



CSI-RS patterns for X = 16
Apart from the agreed patterns for X = 16 and N = 2, there are 4 patterns proposed for X = 16 and N = 4 as shown in Table 4. It should be noted that for X = 16, the agreed N = 2 patterns are preferred for fast CSI acquisition, and the agreed N = 2 patterns provide enough flexibility in terms of multiplexing with other RSs. Hence, N = 4 patterns should be avoided for X = 16, to reduce the total number of CSI-RS patterns.
Table 4. CSI-RS pattern for X = 16 and N = 4
	X = 16
	Pattern 0
	Pattern 1
	Pattern 2
	Pattern 3

	N
	4
	4
	4
	4

	CDM
	FD-CDM2
	FD-CDM4
	CDM8 (FD4-TD2)
	CDM8 (FD2-TD4)

	Component
	(2,1) or (2,2)
	(2,2)
	(2,2) or (4,2)
	(2,2) or (2,4)

	CSI-RS pattern
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	Full power utilization
	N
	N
	N
	Y



Detailed CDM8 pattern
Two CDM8 patterns were proposed in the last meeting, i.e., CDM8 (FD4-TD2) and CDM8(FD2-TD4). The former one is sensitive to large delay spread and large subcarrier spacing, while the latter one is sensitive to high UE mobility. Besides, for the patterns with N = 4, the latter pattern achieves full power utilization. Figure 4 shows the MSE results and MCS selection results for X = 32 ports with these two CDM8 patterns. It can be observed that at high Doppler case, the MCS results of these two patterns achieve similar performance at high SNR, while at high delay spread and large subcarrier spacing case, the MCS results of the FD2-TD4 pattern achieves higher performance than FD4-TD2 pattern at high SNR. Moreover, the FD2-TD4 pattern outperforms FD4-TD2 pattern at low SNR for all cases. Hence, between these two CDM8 patterns, CDM8 (FD2-TD4) is preferred.

[image: ]Figure 4-1. MCS selection, DS = 100ns, Doppler = 300Hz, X = 32 (4,4,1), CDM8 (FD4-TD2) vs CDM8 (FD2-TD4)
[image: ]Figure 4-3. MCS selection, DS = 300ns, Doppler = 300Hz, X = 32 (4,4,1), CDM8 (FD4-TD2) vs CDM8 (FD2-TD4)
Another remaining issue for CDM8 and CDM4 patterns is whether to contain the CDM pattern in one single component CSI-RS resource or multiple component CSI-RS resources, wherein the multiple component CSI-RS resource can be adjacent or non-adjacent in frequency or time domain. Figure 5 compares the results of CDM8 (FD2-TD4) pattern in one adjacent 2x4 RE groups and two separate 2x2 RE groups in time domain. We observe that non-adjacent RE groups achieve much worse performance than the adjacent RE case. Therefore, containing CDM4 and CDM8 pattern in a single component CSI-RS resource is preferred.

[image: ]Figure 5-1. MSE, DS = 100ns, Doppler = 300Hz, X = 32 (4,4,2), consecutive pattern vs. non-consecutive pattern
[image: ]Figure 5-2. MSE, DS = 300ns, Doppler = 300Hz, X = 32 (4,4,2), consecutive pattern vs. non-consecutive pattern

In addition, since FDMed CSI-RS ports with no CDM pattern achieves full power utilization and is robust to large delay spread and large subcarrier spacing. This pattern should be supported included at least for beamformed CSI-RS, and the case with X = 2, X =4 and N = 1.
From configuration flexibility perspective, the CSI-RS pattern should be formed by aggregated component pattern as much as possible, and the number of CDM patterns should be minimized to reduce the configuration and implementation complexity. As a sum of the above discussion, we propose
Proposal 1: Minimize the number of CSI-RS patterns for each value of X, following issues should be considered 
· Avoid of using FD-OCC4, especially for X = 12 and N = 1; 
· X = 16 is supported with N = 2 only and with the agreed pattern in last meeting
· If CDM8 is supported for X = 24 and X = 32, prefer FD2-TD4-CDM8 pattern
Proposal 2: In addition to the patterns agreed in the last meeting, NR supports the CSI-RS patterns shown in Table 5.
Table 5. CSI-RS patterns to be considered in NR
	X
	Density [RE/RB/port]
	N
	(Y,Z)
	CDM
	Remark

	4
	1 
	1
	(2,1)
	FD-CDM2
	

	8
	1
	1
	(2,1)
	FD-CDM2
	

	12
	1
	1
	(2,1)
	FD-CDM2
	

	24
	1
	4
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	

	24
	1,
	4
	(2,4)
	CDM8 (FD2-TD4)
	(Y,Z)=(2,2) is acceptable if adjacent component patterns is adopted

	32
	1, 1/2
	4
	(2,4)
	CDM8 (FD2-TD4)
	(Y,Z)=(2,2) is acceptable if adjacent component patterns is adopted



CSI-RS density
In LTE, the subcarrier spacing is 15kHz and the CSI-RS density is 1 RE/RB/port.  In NR, multiple numerologies are supported.  The subcarrier spacing could be 15kHz, 30kHz, 60kHz, 120kHz, 240kHz, or 480kHz.  It’s reasonable to take the same density as a reference density at least for the subcarrier spacing of 15kHz.  For other values of subcarrier spacing, the CSI-RS density can be increased or reduced based on the channel frequency selectivity and the CSI feedback granularity.  For large subcarrier spacing, the density of  could be too low for channel estimation.  For example, CSI-RS with d = 1 can only support a maximum delay of 0.69us without aliasing when the subcarrier spacing is 60kHz.  Not to mention the loss of processing gain due to density reduction.  The choose of values of d shall not only depend on the number of CSI-RS ports, but also consider the target delay spread. 
Observation 1: CSI-RS density of d > 1 is needed at least for large subcarrier spacing.
In the last meeting, CSI-RS density equal to 1/3 was proposed. From a channel estimation perspective, such a low density pattern cannot lead to high processing gain. From a CSI computation perspective, the number of pilot samples within one subband is very limited, so that the CQI derived on those sparse pilot tone cannot represent the CQI over the tones across the whole subband. Besides, density equal to 1/3 may lead to unequal number of pilot tones for different subbands, thus leading to varying CQI qualities. Moreover, density equal to ½ may have the same issues in terms of processing gain and limited samples per subband. Therefore, we propose
Proposal 3: The CSI-RS density should consider the following aspects
· Supported combination of values of X and d should also depend on subcarrier spacing.
· Density 1/3 should be avoided and density ½ should be only used for X = 32.
Partial band size 
For non-precoded CSI-RS, the partial band size can be as large as bandwidth part in order to obtain high processing gain for channel estimation. For the beamformed CSI-RS, it is reasonable to have partial band size smaller than bandwidth part due the subband precoding in order for pre-scheduling. In this case, the partial band size might be dependent on the precoding granularity. From channel estimation perspective, the partial band size is trade-off between beamforming gain and processing gain. For larger precoding granularity, the beamforming gain could be limited while high processing gain for channel estimation can be obtained. For small precoding granularity, high beamforming gain can be obtained while processing gain can be limited. From CSI reporting perspective, the partial band size should be no smaller than the CQI reporting granularity. Otherwise, if there are multiple partial band within one CQI reporting subband, there is too less CSI-RS pilot tones across one partial band, thus leading to low CQI reporting robustness. Therefore, we propose
Proposal 4: Consider CQI reporting subband size as the minimum partial band size.
CSI-RS location
The location of CSI-RS has some impact on the CSI processing timeline.  On one hand, CSI-RS in early part of a time interval allows more time for CSI measurement.  This is critical to support fast CSI reporting, especially for below 6GHz.  On the other hand, it puts a more stringent latency requirement for control decoding, so that the UE can be aware of the existence of a CSI-RS transmission in forthcoming symbols with minimum buffering.  This is needed not only for aperiodic CSI-RS, but also for periodic and semi-persistent CSI-RS.  For example, a UE may be expecting a periodic CSI-RS in the DL duration of slot according to the configured timing, but the CSI-RS transmission is dropped as the DL duration maybe replace by an UL duration due to dynamic TDD.
The location of CSI-RS depends on the location of the DL control region and the location of other reference signals in the DL duration of a slot.  As discussed in [3], two DMRS pattern based on self-contained ACK or not was proposed in [3]:
· Pattern A – For self-contained ACK, front loaded DMRS at symbol (2-3) or (3-4) depending on the system bandwidth.
· Pattern B – For non-self-contained ACK, DMRS are evenly located spaced either every 3, or 4, or 5 symbols, as illustrated in Figure 6 for a DL-centric slot.
[image: ]
Figure 6. Proposed DMRS pattern in [3]
In a DL-centric slot, the CSI-RS can be located just after the DMRS symbols. Depending on the number of DMRS symbol, the number of OFDM symbols in the control region and the value of N, the OFDM symbols can be considered for fast CQI reporting in the same slot are summarized in Table 6. Such front-loaded CSI-RS provide sufficient CSI processing time to support CQI reporting in the same slot. Note that when there are 3 symbols for PDCCH and 2 front-loaded DMRS symbols, the fast CSI acquisition can be only supported for CSI-RS with N = 1 symbol. This is because for CSI-RS mapping to OFDM symbols {6} and beyond, there is no sufficient time for do CQI computation.
Table 6. OFDM symbols for CSI-RS (symbol index starting from 0)
	
	1 front-loaded DMRS symbol
	2 front-loaded DMRS symbols

	2-symbol PDCCH
	N = 1, OFDM symbol {3}
N = 2, OFDM symbol {3,4}
	N = 1, OFDM symbol {4}

	3-symbol PDCCH
	N = 1, OFDM symbol {4}
	NA



Proposal 5: NR support a limited set of CSI-RS locations including OFDM symbols {3}, {4} and {3, 4} at least for below 6GHz.
Proposal 6: Self-contained CQI feedback may be considered if CSI-RS is mapped to OFDM symbols {3}, {4} and {3, 4} for below 6GHz.  
Proposal 7: Self-contained CQI feedback is not supported if CSI-RS is mapped to OFDM symbols {5} and beyond, for below 6GHz.
Note that when N = 4, CSI-RS can be obtained no early than symbol 6 or 7.  There’re only 6 or 5 OFDM symbols before the last UL symbol even without timing advance.  It would be difficult to support CSI feedback in the same slot due to the limited CSI processing time.  
Proposal 8: Self-contained CQI feedback is not supported when N = 4.
For UL-centric slots, CSI-RS can be transmitted in symbol 1 if only 1 OFDM symbol is needed for DL control, as shown in Figure 7.  
[image: ]
Figure 7:  Front-loaded CSI-RS in a UL centric slot.
Such front-loaded CSI-RS can leave more time for CSI computation which may allow CQI only feedback in the same slot.  Note that the CSI computation time is proportional to the number of CSI processes, e.g., the number of CSI-RS resources a UE need to monitor, the number of component carriers, the number of CSI reporting, etc.  
Observation 2: Support of self-contained CQI feedback depends on UE capability.
It’s worth noting that the content of a self-contained CQI feedback largely depends on the CSI processing time.  Self-contained full CSI feedback including PMI/RI and CQI can be challenging due to the heavy computational complexity.  In some cases, to feedback full CSI in slot n + 1 based on CSI-RS in slot n may even be impossible, e.g., the CSI reporting with Type II subband PMI via long PUCCH based on a 32-port CSI-RS located at the end of a slot.  As shown in Figure 8, the CSI processing, including 32 port channel estimation and PMI/CQI computation, has to be down within the time duration of 5 OFDM symbols.  
Observation 3: Feedback full CSI in slot n + 1 based on CSI-RS in slot n can be difficult in some cases.
[image: ]
Figure 8:  CSI reporting via long PUCCH. 
For higher frequencies, the CSI-RS ports being used will determine which RX beams the UE may need to measure on.  Considering the shorter slot duration compared to sub6GHz, putting CSI-RS symbols in the early part of a slot can be problematic as more processing time for PDCCH may be needed to decode the indication of CSI presence.  So, for above 6GHz, the end-loaded CSI-RS is preferred.  But in this case, self-contained CSI feedback won’t be supported.
Proposal 9: For above 6GHz, NR supports CSI-RS located at the late part of a slot.
CSI-RS for beam management
Aperiodic CSI-RS for beam management serves to conduct P2/P3 procedures, whereby the gNB beam or the UE beam is refined. The refinement should support adjustments of beam directions in the two-dimensional angular space. The P2/P3 sweep should allow for trying out the neighbor beams in azimuthal or elevational direction and comparison with the current beam. This can be achieved with a CSI-RS burst that lasts for 5 symbols.
Proposal 10:  For aperiodic CSI-RS for beam management, NR supports a duration of 5 symbols. 
While a density of D = 1 is sufficient for sampling the channel, a higher value of D allows for better rejection of interference and non-linear distortion products or noise. The latter two may arise from the receiver AGC being misaligned due to channel fading. 
Proposal 11: For CSI-RS for beam management, NR supports D = 6.

Conclusions 
To summarize, we discussed some open issues of CSI-RS for CSI acquisition.  We propose
Proposal 1: Minimize the number of CSI-RS patterns for each value of X, following issues should be considered 
· Avoid of using FD-OCC4, especially for X = 12 and N = 1; 
· X = 16 is supported with N = 2 only and with the agreed pattern in last meeting
· If CDM8 is supported for X = 24 and X = 32, prefer FD2-TD4-CDM8 pattern
Proposal 2: The CSI-RS pattern in Table 5 can be supported in NR in addition to the agreed pattern in the last meeting.
Proposal 3: The CSI-RS density should consider the following aspects
· Supported combination of values of X and d should also depend on subcarrier spacing.
· Density 1/3 should be avoided and density ½ should be only used for X = 32.
Proposal 4: Consider CQI reporting subband size as the minimum partial band size.
Proposal 5: NR support a limited set of CSI-RS locations including OFDM symbols {3}, {4} and {3, 4} at least for below 6GHz.
Proposal 6: Self-contained CQI feedback may be considered if CSI-RS is mapped to OFDM symbols {3}, {4} and {3, 4} for below 6GHz.  
[bookmark: _GoBack]Proposal 7: Self-contained CQI feedback is not supported if CSI-RS is mapped to OFDM symbols {5} and beyond, for below 6GHz.
Proposal 8: Self-contained CQI feedback is not supported when N = 4.
Proposal 9: For above 6GHz, NR supports CSI-RS located at the late part of a slot.
Proposal 10:  For aperiodic CSI-RS for beam management, NR supports a duration of 5 symbols. 
Proposal 11: For CSI-RS for beam management, NR supports D = 6.

References
1. [bookmark: _Ref462649278][bookmark: _Ref458331720]Chairman nots of 3GPP TSG RAN1 NRAH2.
1. R1-1711787, “WF on CSI-RS”
1. R1-1713407, “Discussion on DL DMRS design”, Qualcomm, Incorporated.

image1.emf
CSI-RS patterns based on   component resources (2,2) 

and CDM4

CSI-RS patterns based on   component resources (2,2) 

and FD-CDM2

32-port

16-port

8-port

4-port


oleObject1.bin
CSI-RS patterns based on  component resources (2,2) and CDM4



image2.emf

image3.emf

image4.emf

image5.emf

image6.emf

image7.emf

image8.jpg
MSE (dB)

RMMSE, 4PRG, 300ns, 10Hz, X=12 (6,1,2)

0
N S R e L
A T e s e s s e N SR A R
-15
—FDOCC2, N=1,SCS=15k [N ———=s= = =
-20 |- - FD-OCC4, N =1,5C8=15k
~—FD-0CC2, N = 1,5CS=30k
25 ||~ = FD-OCC4, N =1,5C8=30k
——FD-0CC2, N = 1,5CS=60k
- - FD-OCC4, N = 1,SCS=60k
-30 [l —Fp.occ2, N = 1,508=120k
- - FD-OCC4, N =1,5CS=120k
35

0 5 10 15 20 25 30
SNR (dB)




image9.jpg
MCS Index (based on Turbo256QAM)

RMMSE, 4PRG, 300ns, 10Hz, X = 12 (6,1,2), rank=1

30

25

20

15

10

——FD-0CC2, N = 1,5CS=15k
- = FD-OCC4, N =1,5CS=15k
~——FD-OCC2, N = 1,8CS=30k
~ = FD-OCC4, N = 1,8CS=30k

——FD-OCC2,
- = FD-OCC4, N
—FD-0CC2,
- - FD-OCC4,

SC
SC:

5

10

15 20 25

SNR (dB)




image10.jpg
MCS Index (based on Turbo256QAM)

RMMSE, 4PRG, 100ns, 300Hz, X=12 (6,1,2), rank=1

30

25

20

——FD-0CC2, N = 2,5CS=15k

- = FD-TD-0CC4, N = 2,8C8=15k
L - FD-0CC2, N =2,5C8=30k
- = FD-TD-0CCA, N = 2,8CS=30k
10 ——FD-0CC2, N =2,5C
- = FD-TD-0CCA,N
5 - - FD-TD-OCCA. N = 2,5CS=120k
0
40 5 0 5 10 15 20 25 30

SNR (dB)




image11.jpg
MCS Index (based on Turbo256QAM)

RMMSE, 4PRG, 300ns, 300Hz, X=

2 (6,1,2), rank=1

——FD-0CC2, N = 2,SCS=15k
FD-TD-OCC4, N =2,SCS=15k
——FD-0CC2, SCS=30k
FD-TD-OCC4, N = 2,SCS=30k
——FD-0CC2, N = 2,SCS=60k
FD-TD-OCC4, N = 2,SCS=60k
| ——FD-0CC2, N = 2,SCS=120k
FD-TD-OCC4, N = 2,SCS=120k

-10 5 0 5 10 15 20 25 30
SNR (dB)




image12.emf

image13.emf

oleObject2.bin

image14.emf

image15.emf

image16.emf

image17.emf

image18.emf

image19.emf

image20.emf

image21.emf

image22.emf

image23.emf

image24.jpg
MCS Index (based on Turbo256QAM)

RMMSE, 4PRG, 100ns, 300Hz, X=32 (4,4,2), rank=1

30

25

20

15

——FD4-TD2-0CCB, N = 4,SCS=15k
- = FD2-TD4-OCC8, N = 4, SCS=15k
~—FD4-TD2-0CCB, N = 4,SCS=30k
~ = FD2-TD4-OCCB, N = 4,SCS=30k

——FD4-TD2-0CCB,
~ = FD2-TD4-OCCS, N = 4,SCS=60k
——FD4-TD2-0CC8, SCS=120k
= = FD2-TD4-OCCB, N = 4.SCS=120k

SCS=60k

5

10 15 20 25
SNR (dB)

30




image25.jpg
MCS Index (based on Turbo256QAM)

35

RMMSE, 4PRG, 300ns, 300Hz, X=32 (4,4,2) rank=1

30

25

20

15

10

| —— FD4-TD2-0CC8, N = 4,5C:
- = FD2-TD4-OCCB, N = 4,5C:
~—FD4-TD2-0CC8, N = 4,5CS=30k
~ = FD2-TD4-0CC8, N = 4,5CS=30k
~——FD4-TD2-0CC8, N = 4,5CS=60k
- = FD2-TD4-0CC8, N = 4,SCS=60k
—— FD4-TD2-OCCB, N = 4,5CS=120k|
- - FD2TD4-OCC8, N = 4,5CS=120k

5

10 15 20 25 30
SNR (dB)




image26.jpg
MSE (dB)

RMMSE, 4PRG, 100ns, 300Hz, X=32 (4,4,2)

[——FD2-TD4-0CCE, N

- FD2-TD4-0CC8,N
~ - FD2TD40CCE,N
~——FD2-TD4-0CC8,N
~ = FD2-TD40CCE,N

- - FD2-TD4-0CCB, N =

| —— FD2-TD4-0CCB, N =
- - FD2-TD4-0CCE N =

4,5Cs=15k
4, 300000, SCS=15Kk
4,5CS=30k

4, 0000, SCS=30k
4,5CS=60k

4, 0000, SCS=60k
4,5CS=120k

4, 3000, SCS=120k

-10 5 0

5 10 15 20 2 30
SNR (dB)




image27.jpg
MSE (aB)

RMMSE, 4PRG, 300ns, 300Hz, X=32 (4,4,2)

[—— FD2-TD4-0CCE, N = 4,5CS=15k
= = FD2-TD4-0CCB, N = 4, xx00xx, SCS=15k
| FD2-TD4-0CC8, N = 4,5CS=30k
~ = FD2-TD4-0CC8, N = 4, xx00x,SCS
——FD2-TD4-0CC8, N = 4,5CS=60k
~ = FD2-TD4-0CC8, N = 4, xx00xx, SCS=60k
~ |——FD2-TD4-0CC8, N = 4,5Cs=120K

= = FD2-TD4-0CCE, N = 4, xx00ex, SCS=120k |~

0k

5 0 5 10 15 20 2 20
SNR (dB)




image28.png
3-symbol UL Burst 5-symbol UL Burst

2-symbol UL Burst

No UL Burst
23456789 0nEen

0123456789 00RE

23456789300l

1

o

23456789300l

sjoquiks
1N pue paeng

tonuay
= lonuay
o Jooy
sjoquiks u sjoquiks
quidn pue piens | 7| juydn pue piens
[ N )
Jooy = lonuay
[ o [
Sloquifs e Soquiks
suidnpuepiens | | Ouidn pue paeno
[ ~ [
lonuay =
lonuay °

loauoy
loauoy

loauo N loauo N leauoy
oo - oo - oo
oo of oo B loauoy





image29.png
f

23 456 7 8 910N 1213

O00O0

DL control

UL duration

DL DMRS

CSI-RS




image30.png
Csl
processing f<—

time

oAt 3G

<

Slot (n + 1)

Slot n




