3GPP TSG RAN WG1 Meeting #104-e                                                                    R1-2100297
e-Meeting, January 25th – February 5th, 2020
Source:              ZTE
Title:                   Discussion on issues of NR Codeword mapping
[bookmark: Source]Agenda Item:     8.17
[bookmark: DocumentFor]Document for:   Discussion and Decision


Introduction
Currently, NR release 15 and 16 specification has been completed, and many useful features have been actually deployed.  
One difference between NR and LTE is layer-to-codeword mapping, where NR only supports 1 codeword (CW) but LTE can support 2 codewords in the case when the number of transmission layers is not larger than 4. 
Taking 2 layers as an example as shown in Figure 1, two layers can map to 2 CWs respectively in LTE, and independent MCS can be indicated to the two layers to match the potentially different channel conditions. In NR, in order to simplify implementation complexity, only 1 MCS can be indicated for the two layers no matter channel conditions are closed or different. However, some issues are identified in the real test of NR deployment. The NR performance is impacted by NR CW mapping in some cases when the SINR difference for the two layers are large. 
[image: ]
Figure 1 Comparison of CW mapping between LTE and NR
In this contribution, we mainly analyze the issues of NR UL codeword mapping and provide our views for potential enhancements.

Issues in the real test 
So far, NR UL codebook based PUSCH transmission scheme is well deployed. Considering the UE cost and complexity, many of UEs in the market are configured with two transmit antennas for UL transmission. Because of higher hardware requirement, most of UEs are just deployed with non-coherent antennas as shown in Figure 2-1 as UE may not be able to adjust the phase shift among its antennas.


In such case, for 1 layer transmission, TPMI =  or  is usually used based on Rel-15 specification. Rel-16 full power TPMI in mode 1 or mode 2 can also be used for UEs without full power capability for some antennas.  
[image: ]
Figure 2-1 UL two non-coherent antennas

For layer 2 transmission, TPMI =  is used to get Tx diversity gain and high peak data rate. However, in the real test of some NR deployments for UL transmission with 2 non-coherent UE antennas, the peak date rate is restricted because of much different channel conditions of two antennas which correspond to two layers of rank 2 transmission. As shown in the description of real tests in Guangzhou city and Fuzhou city of China, receive power and demodulation constellation mapping are quite different for two layers which is configured with the same MCS for NR UEs. 
To make sure the TB is decoded correctly, high MCS values may not be selected because of the layer with lowest receive power/SINR. That is, if the receive power/SINR gap between two layers are much, higher MCS value cannot be indicated. 
Real test in Guangzhou city of China
In section 2.1, we provide some real test results outside an office building in Guangzhou. We have done testing in many different UE positions and show some exemplary results below corresponding to different UE positions. Center frequency is around 2.6GHz, subcarrier spacing is 30 KHz. In the following test results, rank 2 PUSCH transmission is scheduled.

Result for test position 1: 
In this real test, the PUSCH is scheduled with about 150 PRBs, the modulation order is 256QAM.  As shown in Figure 2-2-1, Y-axis is receive power with 0.25 dB unit, X-axis is frequency range with 1 PRB granularity. The blue curve refers to the receive power for the first UE antenna, and the green curve refers to the receive power for the second UE antenna. The red curve refers to noise power. In Figure 2-2-2 and 2-2-3. The red dots refer to ideal constellation, and blue dots refer to the real demodulation constellation symbol. 
Observation 1: In the real test position 1, the receive power of the two layers is about 10 dB. The constellation demapping of the first layer is much better than that of the second layer in the case of rank 2 transmission.
Analysis: Because the receive power of the first layer is much better than the second one, the constellation mapping of demodulation for the first layer is better than that of the second layer. Also, EVM of the first layer is lower than that of the second layer. Although the data of first layer may be demodulated correctly, the whole TB may still not be demodulated and decoded correctly due to the bad performance of the second layer.. 
[image: 278]
Figure 2-2-1 Receive power comparison of two ports Ps0 and Ps1
[image: 279]
Figure 2-2-2 Constellation mapping of demodulation symbols for the first layer, EVM=3.144, SINR=30.05
[image: 280]
Figure 2-2-3 Constellation mapping of demodulation symbols for the second layer, EVM=5.79, SINR=24.7

Result for test position 2: 
In this test, PUSCH is scheduled with more than 200 PRBs, the modulation order is 64QAM. As shown in Figure 2-3-1, Y-axis is receive power with 0.25 dB granularity, X-axis is frequency range with 1 PRB unit. The green curve refers to the receive power for the first UE antenna, and the blue curve refers to the receive power for the second UE antenna. The red curve refers to noise power.  In Figure 2-3-2 (a) and (b) for the first layer and the second layer respectively, the red dots refer to ideal constellation, and blue dots refer to the real demodulation constellation mapping. 
From the test results, it can be observed that the constellation demapping of the second layer is much better than that of the first layer.
Observation 2: In the real test position 2, the receive power of the two layers is about 10 dB. The constellation demapping of the second layer is much better than that of the second layer in the case of rank 2 transmission.

[image: 524]
Figure 2-3-1 Receive power comparison of two ports

[image: 527]
(a) EVM=10.53, SINR=15.48 for first layer       (b) EVM=7.99, SINR=21.95 for second layer
Figure 2-3-2 Constellation mapping of demodulation symbols for the two layers

Real test in Fuzhou city of China
In section 2.2, we provide some real measured results tested inside an office building in Fuzhou city of Fujian province of China. Indoor gNB antennas are omnidirectional and installed in room ceiling as shown in Figure 2-4.  Center frequency is around 2.6GHz, subcarrier spacing is 30 KHz.  DMRS is placed in OFDM symbol 2 and 11. 
[image: IMG_0360]
Figure 2-4 testing done inside a building with indoor gNB

Result for test position 3:
In this real test, the tested UE is fixed in a position of the corridor of the 8th floor of the building. In Figure 2-5-1, the blue curve is the measured receive power of antenna 0, and the orange curve is the measured receive power of antenna 1. The receive SINR gap is large in some PRBs. 
From Figure 2-5-2 and 2-5-3, it can be observed that the performance of the first layer is better than that of the second layer, especially in PRB 200~250.
[image: dmrs_measure_power]
Figure 2-5-1 Receive power comparison of two ports
[image: fig_star_ue300_layer]
(a) first layer                                                 (b) second layer
Figure 2-5-2 Constellation mapping of demodulation symbols 
[image: fig_star_ue300_layer]
(b) first layer                                                 (b) second layer
Figure 2-5-3 EVM comparison 
Based on the test results, we have the following observation:
Observation 3:  The SINR gap between two UL MIMO layers is often large in our test results e.g. larger than 10dB.  It is larger than what we observed in simulations possibly due to some practical differences e.g. inaccurate modeling of antenna placements in simulations, different blockage for different antennas, etc.   

Scenarios with similar issues
Based on the exemplary test results elaborated in section 2, it can be observed that the receive SINR gap between two layers can be very large in the case of two layer PUSCH transmission. If the same MCS/modulation order/TB is used for both layers as described in the current NR specification, higher MCS values may not be selected because of lower SINR layer. Otherwise, the TB may not be decoded correctly. 
Besides the issue mentioned above (large receive SINR gap for two UL MIMO layers, named as scenario 0), there are some other scenarios in which the similar issues exist for both DL and UL due to the limitation of the current NR codeword mapping. 
· Scenario 0:  large SINR gap between UL MIMOlayers as mentioned in section 2
· Scenario 1: large SINR gap between DL MIMO layers
This scenario is similar to scenario 0 in which rank 2, 3 or 4 is scheduled, but SINR gap among layers is large. 
· Scenario 2: multi-panel/multi-TRP transmission
In multi-panel or multi-TRP transmission for either DL or UL based on single DCI scheduling, the channel conditions between two TRPs to UE can be quite different due to different distances from UE to two TRPs, different large scale channel parameters including Doppler shift, delay spread, etc.. If the same TB/MCS is always used for all transmission layers/occasions/frequency parts of two TRPs, the UE performance will be limited by one of the two TRPs with poor channel condition. So it should be considered to support independent TB and MCS for the transmission from/to different TRPs, e.g. two MCSs for different frequency parts, or time domain occasions of one transmission. Although this can be achieved by multi-DCI for DL multi-TRP transmission, the extra complexity of supporting multi-DCI is too much.  Also, this cannot be achieved for UL transmission. 
· Scenario 3: DSS or NR-LTE coexistence scenario 
In DSS (dynamic spectrum sharing) or LTE-NR co-existence scenario, there can be LTE signals (e.g. CRS or LTE data) transmitting on partial of NR time-frequency resources. As shown in Figure 3-1, LTE may cause serious interference to NR in the top part of frequency resources. In consequence, the NR performance on the top part of frequency resources will be worse than the low part. If only one TB/MCS is used for all resource parts, high MCS will not be selected due to bad performance of the top frequency part. This happens for both UL and DL, particularly for the cases when LTE traffic load and NR traffic load are not balanced.  Similar issues may also happen for NR only deployment when only partial frequency is overlapped with interfering cells e.g. in heterogeneous networks.
To address this issue, two TB/MCS can be considered for different frequency parts.
[image: ]
Figure 3-1 DSS scenario where LTE causes interference to NR
· Scenario 4: TDD scenarios with DL heavy traffic
In many real deployments, DL traffic is much heavier than UL. So more contiguous DL slots are usually configured in each of slot format period. The slot format structure as shown in Figure 3-2 is one of typical configurations for power network scenarios with heavy DL traffic, and with frequently small packet size UL traffic. In the scenario, small size packets may frequently comes to UE for UL PUSCH transmission, e.g. 4000 packets per seconds, and each packet has 300 Bytes. Averagely, two new packets come to the UE buffer in every slot. 
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Figure 3-2 Slot format with 5ms period, SCS = 30KHz
[bookmark: _GoBack]In such scenario, all new packets come to the UE buffer should be transmitted in the two UL slots. However, once there is PUSCH re-transmission in slot 8 and/or slot 9, the new packets cannot be transmitted together with the re-transmitted packets in the same slot since only one TB/CW is supported at a given time. Thus, the new packets must be deferred to the next UL slot or even to the UL slot in the next period, i.e. slot 18 or 19. 
To solve this issue, it can be considered support two TBs in one slot scheduling as LTE supported.
Observation 4: The current NR codeword mapping has limitations in some scenarios including the scenarios with large receive SINR gap for UL or DL transmission layers, multi-panel/multi-TRP , DSS or NR-LTE coexistence scenarios, and TDD scenarios with heavy DL traffic.
Simulation
Based on the above observations and analysis, we provide some simulation results for UL 2 layers transmission (scenario 0) to evaluate performance when there is SNR gap between two layers, and some simulation results for scenario 3 when there is SNR gap between two frequency parts for DL. Most simulation assumptions are aligned with the real test described in section 2.  The detailed simulation assumptions can be found in Appendix.
SLS
In the system level simulation for UL two layers, only non-coherent precoder is used. Table 4-1 and 4-2 respectively show the performance comparison of the UEs with 6 dB and 9dB average receive power gaps between two layers. 
From the simulation results, it can be observed that two MCS/TB can bring obvious gain than single TB/MCS in all the simulation cases below because more flexible MCS indication for two layers can better match the channel condition of respective layers. 
Table 4-1 Throughput (Mbps) for UEs with 6 dB average receive power gap between two layers
	RU
	Solution
	Average UE-Throughput
	5% UE-Throughput
	50% UE-Throughput
	95% UE-Throughput.

	20%
	One MCS/TB
	37.34
	 9.80
	31.76
	76.30

	
	Two MCS/TB
	39.15
	10.81
	 33.83
	76.27

	
	Gain 
	4.8%
	10.3%
	6.5%
	0.0%

	60%
	One MCS/TB
	14.47
	2.10
	8.38
	57.18

	
	Two MCS/TB
	15.82
	2.29
	 9.89
	58.89

	
	Gain 
	9.4%
	8.9%
	18.0%
	3.0%



Table 4-2 Throughput (Mbps) for UEs with 9 dB average receive power gap between two layers
	RU
	Solution
	Average UE-Throughput
	5% UE-Throughput
	50% UE-Throughput
	95% UE-Throughput.

	20%
	One MCS/TB
	33.91
	8.22
	 27.58
	75.76

	
	Two MCS/TB
	38.09
	10.43
	33.76
	75.58

	
	Gain 
	12.3%
	26.8%
	22.4%
	-0.2%

	60%
	One MCS/TB
	13.04
	 2.28
	7.07
	47.41

	
	Two MCS/TB
	15.47
	3.30
	 9.58
	54.54

	
	Gain 
	18.7%
	44.6%
	35.5%
	15.0%



LLS
In the LLS simulation for UL two layers, only non-coherent precoders are used. To align with the real test case in section 2, the average receive power ratio between two UE antennas is assumed as 3 dB, 6dB and 9dB.  In Figure 4-1, 4-2 and 4-3, transmission rank is fixed as 2 where 2, 4, 8 gNB antennas are used respectively. In Figure 4-4, transmission rank is adaptive between rank 1 and rank 2, and 2 gNB antennas are used.
Based on the results for UL two layers from Figure 4-1 to 4-4, obvious performance gain derived from two TB/MCS can be observed especially in the case of 6dB and 9dB power gap between two antennas. 
[image: ]
Figure 4-1 Spectral efficiency comparisons for UL two layers, 2R, rank=2
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Figure 4-2 Spectral efficiency comparisons for UL two layers, 4R, rank =2
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Figure 4-3 Spectral efficiency comparisons for UL two layers, 8R, rank=2

[image: ]
Figure 4-4 Spectral efficiency comparisons for UL two layers, 2R, rank adaption

In the LLS simulation for scenario 3 when there is SNR gap between two frequency parts, rank 1 is assumed for simplicity.  The average receive power ratio between two frequency parts is also assumed as 3 dB, 6dB and 9dB. As shown in Figure 4-5, it can be observed two TB/MCS can bring obvious gain.
[image: ]
Figure 4-5 Spectral efficiency comparisons for SNR gap between two DL frequency parts (FDM)

Observation 5: Based on the simulation results from both SLS and LLS, two TB/MCS can bring obvious performance gain than single TB/MCS for the case when receive power gap is large between two layers or between two frequency parts.

Potential solutions
Based on the real test results from section 2.1 and 2.2, the analysis and simulation results for scenarios described in section 3, the performance and latency may be impacted due to the limitation of the current codeword mapping mechanism. 
To address the issues mentioned in above sections, there are several solutions can be considered
· Solution 1: Support indication of two MCS for scheduling with 2 or more layers as the same as LTE supports. 
· This solution needs two MCS fields in DCI. In such case, two layers transmission may be allocated with two CWs/TBs which can use different MCS. For the layer/TB with higher receive SINR, higher MCS value can be indicated. For the layer/TB with lower receive SINR, lower MCS value can be indicated. 
· Solution 2: Support indication of two modulation orders for scheduling with 2 or more layers. 
· This solution requires less complexity as it still keeps one TB.  Also, it may need less DCI overhead than solution 1, but has less flexibility. 
· Solution 3: Support indication of two MCS or modulation orders for different time domain or frequency domain parts of one transmission.
· This solution can introduce power boosting gain compared with solution 1 and 2. 

Proposal : Support enhancement of NR codeword mapping. Some candidate solutions can be considered 
· Alt 1: indication of two MCS for 2 or more layers 
· Alt 2: indication of two modulation orders for 2 or more layers
· Alt 3: indication of two MCS or modulation orders for different time or frequency parts of one transmission.

Conclusion
In this contribution, we analyze the issues of NR codeword mapping based on the test results in real deployment, analyzed issues in some scenarios and provide some simulation results. To address the issues, we have some observations and propose to enhance NR codeword mapping.
Observation 1: In the real test position 1, the receive power of the two layers is about 10 dB. The constellation demapping of the first layer is much better than that of the second layer in the case of rank 2 transmission.
Observation 2: In the real test position 2, the receive power of the two layers is about 10 dB. The constellation demapping of the second layer is much better than that of the second layer in the case of rank 2 transmission.
Observation 3:  The SINR gap between two UL MIMO layers is often large in our test results e.g. larger than 10dB.  It is larger than what we observed in simulations possibly due to some practical differences e.g. inaccurate modeling of antenna placements in simulations, different blockage for different antennas, etc.   
Observation 4: The current NR codeword mapping has limitations in some scenarios including the scenarios with large receive SINR gap for UL or DL transmission layers, multi-panel/multi-TRP, DSS or NR-LTE coexistence scenarios, and TDD scenarios with heavy DL traffic.
Observation 5: Based on the simulation results from both SLS and LLS, two TB/MCS can bring obvious performance gain than single TB/MCS for the case when receive power gap is large between two layers or between two frequency parts.

Proposal: Support enhancement of NR codeword mapping. Some candidate solutions can be considered 
· Alt 1: indication of two MCS for 2 or more layers 
· Alt 2: indication of two modulation orders for 2 or more layers
· Alt 3: indication of two MCS or modulation orders for different time or frequency parts of one transmission.

Appendix
Table 6-1 LLS assumptions 
	Parameter
	Value for UL
	Value for DL

	Metric
	UL spectrum efficiency
	DL spectrum efficiency

	Carrier frequency
	2.6 GHz
	2.6 GHz

	SCS
	30kHz
	30kHz

	Channel bandwidth
	10MHz
	10MHz

	Channel model
	TDL-A in TR 38.901
	CDL-A

	Delay spread
	300ns
	300ns

	UE speed
	3km/h
	3km/h

	Number of UE antennas 
	2T
	2R

	Number of gNB antennas
	2R, 4R, 8R
	2T

	UE antenna configuration
	Omni, cross-polarization
	Omni, cross-polarization

	Precoding granularity
	4 RBs
	16 PRBs

	CSI periodicity 
	5 slots
	5 slots

	rank
	rank 2, rank adaption
	rank 1

	Modulation 
	Up to 64QAM 
	Up to 64QAM 

	overhead
	14 OFDM symbols PUSCH
	Two PDCCH symbols, 12 symbols PDSCH

	Re-transmission
	No
	No



Table 6-2 SLS assumptions
	Parameter
	Value

	Metric
	UL throughput

	UL CSI 
	5 slots periodicity with 6 slots delay

	Carrier frequency,  SCS and system bandwidth
	2.6 GHz, 30KHz and 20MHz 

	Number of gNB antennas
	(M, N, P, Mg,Ng) = (1,1,2,1,1)   (dH,dV) = (0.5, 0.8)λ

	Number of UE antennas
	(M, N, P, Mg,Ng) = (1,1,2,1,1)  

	Traffic model
	FTP 1

	Scenario
	Indoor 

	Duplex, Waveform 
	TDD, OFDM 

	Multiple access 
	OFDMA 

	Channel model
	According to the TR 38.901 

	UE antenna height & gain
	Follow TR 36.873 

	UE receiver noise figure
	9 dB

	Modulation 
	Up to 64 QAM 

	Coding on PUSCH 
	LDPC

	Slot
	14 OFDM symbols

	Frame structure 
	FDD

	MIMO scheme
	SU-MIMO with rank 2 transmission 
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