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Introduction
In RAN#89 e-meeting, a new work item, i.e. introduction of DL 1024-QAM for NR FR1 was approved [1]. The objective is to specify downlink 1024-QAM for NR PDSCH operation in FR1, together with related procedures, signaling and necessary RF requirements, and the main objectives are listed below.
	· Specify high order modulation for PDSCH [RAN1]
· Specify 1024-QAM constellation as specified in E-UTRA for DL PDSCH
· Specify corresponding MCS table with 1024-QAM entries as defined in E-UTRA
· Note: DCI overhead for MCS indication should be the same as in Rel-15  
· Specify corresponding CQI feedback with 1024-QAM entries as defined in E-UTRA
· Specify corresponding RRC signalling and UE capabilities [RAN2]
· Note: DL PDSCH 1024-QAM for FR1 should be defined as a per-band UE capability
· Specify corresponding UE and BS RF core requirements [RAN4]
· UE and BS RF core requirements are specified for stationary wireless scenarios with up to 2 layer DL MIMO
· The cell size(s) and type of stationary wireless scenarios for which UE and BS RF core requirements are defined will be studied and decided by RAN4.


In RAN1#103 e-meeting, agreements on 1024-QAM constellation and corresponding RRC signaling were achieved as following [2]. And couples of TPs were also endorsed for reference.
	Agreements:
· Introduce new RRC signaling to indicate use of 1024-QAM CQI table.
· For supporting 1024-QAM in NR downlink, adopt the LTE 1024-QAM constellation.
· 1024-QAM MCS table can be used only with DCI format with CRC scrambled by C-RNTI or CS-RNTI.
Agreements:
· RRC signaling (mcs-Table-r17) to indicate use of 1024-QAM MCS table for DCI format 1_1 is present only in PDSCH-config
· When UE is configured with mcs-Table-r17 set to ‘qam1024’ in PDSCH-Config, 
· UE uses 1024-QAM MCS table for PDSCH scheduled with a DCI format 1_1 with CRC scrambled by C-RNTI, 
· UE uses 1024-QAM MCS table for PDSCH scheduled with the DCI format 1_1 with CRC scrambled by CS-RNTI if the UE is not configured with mcs-Table in SPS-Config
· Note: If 1024-QAM MCS table for DCI format 1_2 is supported, similar approach is used for 1024-QAM MCS table usage with DCI format 1_2


In this contribution, remaining issues for supporting 1024-QAM including the design of MCS and CQI tables are mainly discussed. And in order to support RAN4 to reach the final conclusion of the cell size(s) and type of stationary wireless scenarios supporting for 1024-QAM, system-level evaluations are given as a reference for RAN4 discussion.
Discussion 
The motivation of introducing 1024-QAM to NR downlink is to further enhance the network throughput by improving the spectral efficiency for users with good channel condition, especially for fixed wireless access (FWA) users and small cell users. Due to the very low mobility environment, FWA user can achieve higher spectral efficiency (SE) with better channel sounding and estimation. Thus, the specification design for supporting 1024-QAM should aim to improve the performance of UEs under good coverage as much as possible, i.e., to optimize the performance at medium to high SNR region. 
On MCS index table with 1024-QAM
On 5 bit MCS index table supporting 1024-QAM
In current specification, three different MCS index tables are specified for PDSCH. The MCS index table supporting 256-QAM, i.e., MCS index table 2, was designed based on MCS index table 1 by removing several legacy entries of low SE and replenishing the 256-QAM entries of the same number including the entry for retransmission indication. Such a design can avoid the introduction of code rates for 64QAM and lower order modulations that are different from those in MCS index table 1, which is beneficial to reduce the implementation complexity for channel encoding and decoding. Due to the same reason, similar method is preferred to be used in designing the MCS index table supporting 1024-QAM, where the target MCS table can be obtained based on MCS index table 2 by removing a few legacy entries and adding 1024-QAM entries.
Proposal 1: The MCS index table supporting 1024-QAM should be designed based on MCS index table 2 by removing a few legacy entries and inserting 1024-QAM entries.
In order to obtain the specific design for MCS table, i.e., the code rate and SE for 1024-QAM entries, assessing the transition point between 256-QAM and 1024-QAM is of the first priority. Based on the simulation assumptions agreed in the last RAN1 meeting, link-level simulation results are provided in Figure 1 and Figure 2. And detailed simulation assumptions are listed in Table A.1 in Appendix A. 
The BLER performance versus SNR for 256-QAM and 1024-QAM with different code rates are shown in Figure 1, while the spectral efficiency vs. the required SNR assuming BLER=10% for each code rate is plotted in Figure 2. It can be observed that for all simulated cases the transition point between 256-QAM and 1024-QAM is very close to the spectral efficiency of 7.4063 bps/Hz, which corresponds to the highest MCS entry in current MCS index table 2. 
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(b) Rank1, TX EVM=2%, RX EVM=3%
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(c) Rank2, TX EVM=0, RX EVM=0
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(d) Rank2, TX EVM=2%, RX EVM=3%
Figure 1. Illustration of SNR-BLER performance of 256-QAM and 1024-QAM. 
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(c) Rank 2, TX EVM=0, RX EVM=0      (d) Rank 2, TX EVM=2%, RX EVM=3%
Figure 2. Illustration of crossover point between 256-QAM and 1024-QAM 
Observation 1: The transition point between 256-QAM and 1024-QAM is very close to the spectral efficiency of 7.4063 bps/Hz.
It can also be observed from Figure 1 and Figure 2 that the difference between 256-QAM and 1024-QAM is very small at the SE of 7.4063 bps/Hz.
Observation 2: For the MCS entry corresponding to the spectral efficiency of 7.4063 bps/Hz, modulations of 256-QAM and 1024-QAM have similar performance.
In current MCS index table 2, 256-QAM is used for the entry with SE 7.4063 bps/Hz. As the performance difference between 256-QAM and 1024-QAM at SE 7.4063 is small, there is no need to change the modulation order.
Proposal 2: For the MCS index table supporting 1024-QAM, the modulation should be 256-QAM for the entry with SE 7.4063 bps/Hz, and MCS entries with SE larger than 7.4063 bps/Hz should use 1024-QAM.
Regarding the upper limit of SE, it can be directly obtained by setting target code rate as 948/1024, which is the maximum value of the code rate for NR LDPC channel coding. Therefore, the highest SE is determined as 9.2578 bps/Hz.
Proposal 3: For the MCS index table supporting 1024-QAM, the highest code rate of 1024-QAM entry should be set as 948/1024.
In Rel-15, 1024-QAM has already been specified for E-UTRA, where the corresponding MCS table supporting 1024-QAM only contains four 1024-QAM MCS entries with one reserved for retransmission, while most of legacy entries of low SE are reserved. But such a design is not that efficient for NR, especially for NR FWA and small cell users. The reason is that the MCS entries with low SE may seldom be used in such environments with good channel quality. Keeping too many low SE entries would increase the SE granularity of high SE entries, which would decrease the data rate for UEs with good channel quality. 
In NR, a separate MCS index table with low SE values, i.e., MCS index table 3, was introduced in NR to support URLLC. To fulfill the reliability requirement, the number of MCS entries of low SE (lowest modulation, i.e., QPSK) accounts for half of the total entries within the entire table in order to decrease the granularity between low SE entries and improve the performance at low to medium SNR region. This principle can be applied to 1024-QAM as well. Specifically, the number of high SE entries, i.e., entries for 256-QAM and 1024-QAM, can be increased in the MCS index table to reduce the granularity between high SE entries to improve the performance at medium to high SNR region. 
Moreover, from Figure 1, it can be observed that the average SNR spacing for 256-QAM entries is around 1 dB, and the SNR gap from the highest MCS entry of 256-QAM to the highest MCS entry of 1024-QAM is about 6 dB (5.6dB ~ 7.8dB). Thus, specifying 6 MCS entries for 1024-QAM can achieve a SNR spacing similar as 256-QAM. The SE values of the corresponding MCS entries can be calculated by linear interpolation between 7.4063 bps/Hz and 9.2578 bps/Hz, as given in Table I. As shown in Figure 3, the SNR spacing between the adjacent 1024-QAM entries is nearly uniform ranging from 0.9dB to 1.2dB.
Table I. Proposed MCS entries for 1024-QAM
	MCS Index
IMCS 
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	…
	…
	...
	…

	21
	10
	790
	7.7149

	22
	10
	822
	8.0235

	23
	10
	853
	8.3321

	24
	10
	885
	8.6407‬

	25
	10
	916
	8.9493‬

	26
	10
	948
	9.2578

	…
	…
	reserved



Proposal 4: For the MCS index table supporting 1024-QAM, specify 6 MCS entries for 1024-QAM.
- The corresponding code rates are 790/1024, 822/1024, 853/1024, 885/1024, 916/1024 and 948/1024, respectively.
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Figure 3. Performance of 1024-QAM MCS entries in Table I. 
To keep the same DCI overhead for MCS indication as Rel-15, when N MCS entries for 1024-QAM are specified in the new MCS index table, then N+1 legacy entries need to be removed. In general, the entries of low SE are recommended to be removed, which can be selected from legacy entries with modulation order lower than 256-QAM. When six 1024-QAM entries are added, the legacy MCS entries #2, #4, #6, #8, #10, #12 and #14 in MCS index MCS table 2 can be removed as shown in Table A.2 in Appendix A.
Proposal 5: The MCS index table supporting 1024-QAM should be designed based on MCS index table 2 by removing the legacy MCS entries #2, #4, #6, #8, #10, #12 and #14, and adding 6 MCS entries of 1024-QAM.
Based on the above discussion, it is recommended to specify the MCS index table for supporting 1024-QAM as that in Table II.
Table II. Proposed MCS index table supporting for 1024-QAM
	MCS Index
IMCS 
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	0
	2
	120
	0.2344

	1
	2
	193
	0.3770

	2
	2
	449
	0.8770

	3
	4
	378
	1.4766

	4
	4
	490
	1.9141

	5
	4
	616
	2.4063

	6
	6
	466
	2.7305

	7
	6
	567
	3.3223

	8
	6
	666
	3.9023

	9
	6
	719
	4.2129

	10
	6
	772
	4.5234

	11
	6
	822
	4.8164

	12
	6
	873
	5.1152

	13
	8
	682.5
	5.3320

	14
	8
	711
	5.5547

	15
	8
	754
	5.8906

	16
	8
	797
	6.2266

	17
	8
	841
	6.5703

	18
	8
	885
	6.9141

	19
	8
	916.5
	7.1602

	20
	8
	948
	7.4063

	21
	10
	790
	7.7149

	22
	10
	822
	8.0235

	23
	10
	853
	8.3321

	24
	10
	885
	8.6407‬

	25
	10
	916
	8.9493‬

	26
	10
	948
	9.2578

	27
	2
	reserved

	28
	4
	reserved

	29
	6
	reserved

	30
	8
	reserved

	31
	10
	reserved



On the change of transition point caused by varying overhead
In RAN1#103-e, there was discussion on the issue that the transition point between 256-QAM and 1024-QAM might be changed in different slots due to varying overhead. This issue mainly results from the mismatch between effective code rate and target code rate, which is caused by the difference between the effective overhead in PDSCH and the configured overhead by higher-layer parameter xOverhead.
For dynamically scheduled PDSCH, as network always has full knowledge of actual overhead for each PDSCH, thus it is able to determine the optimum MCS among entries with the MCS index table for each PDSCH by taking all the overhead into account. The mismatch of optimal modulation only occurs when the SNR region of the UE is within the transition point between 256-QAM and 1024-QAM. In this case, gNB can easily schedule the initial PDSCH transmission of such UEs to RBs and symbols aligned with the configured overhead to ensure the use of the optimal modulation. Note that there is only a small portion of the UEs within the SNR of transition point. Therefore, the issue on change of transition point can be addressed by gNB scheduling, and will not cause any negative impact on PDSCH scheduled by a PDCCH. 
Observation 3: For the dynamically scheduled PDSCH, the mismatch between actual overhead and configured overhead can be addressed by gNB scheduling.
However, for semi-persistent scheduling (SPS) transmission, network can only indicate a single MCS index for multiple PDSCHs activated by a PDCCH. Thus, an identical MCS should be used for these PDSCHs. In this case, there is a possibility that the actual overhead in a certain slot for PDSCH transmission has a large gap compared to the configured overhead by xOverhead, and it will cause performance degradation. An example is shown in Figure 4, where PDSCHs are configured to be transmitted in slot #0, #2 #5 and #7 with an identical MCS. It is observed that the actual overhead equals to the configured overhead in slot #0, #5 and #7, so the effective code rate can be equal or very close to the target code rate. While in slot #2, the network triggers the transmission for aperiodic CSI-RS, and the effective code rate will be higher than the target code rate due to the increase of actual overhead.

[image: ]
Figure 4. An example of SPS with varying overhead
Observation 4: The mismatch between actual overhead and configured overhead will have negative impacts on the performance of semi-persistent scheduling PDSCH.
To tackle the issue mentioned above, a straightforward solution can be that the UE determines the TBS according to the actual overhead rather than the overhead configured by higher-layer parameter xOverhead. The actual overhead shall contain all REs that are not used for the PDSCH, including the REs used for the transmission of CSI-RS, PT-RS, PDCCH, SSB and so on. The UE that is capable of 1024-QAM should also support the actual overhead calculation. Then the UE calculates the TBS of the SPS PDSCH according to the actual overhead, when it is configured with MCS table supporting 1024-QAM.
Proposal 6: For a UE configured with the MCS index table supporting 1024-QAM for PDSCH, it uses the actual overhead instead of the overhead configured by higher-layer parameter xOverhead to determine the TBS for the SPS PDSCH.

On CQI table with 1024-QAM
There are only two entries for 1024-QAM in the CQI table specified in E-UTRA, while most entries of lower SE are kept, which may be seldom used by FWA/small cell users with good coverage. Keeping too many low SE entries would increase the granularity of high SE entries, which would decrease the accuracy of CQI feedback. It is beneficial to specify more entries for 1024-QAM than that in E-UTRA, to improve the accuracy of CQI feedback for UEs with higher SE. 
Similar to MCS table, the CQI table supporting 1024-QAM should also be designed based on the CQI table supporting 256-QAM. The current CQI table 2 supporting 256-QAM contains four 256-QAM CQI entries, which are uniformly sampled from the eight 256-QAM MCS entries in current MCS index table 2. Specifically, the number for 256-QAM CQI entries is half of that for 256-QAM MCS entries. A similar approach can be also applied in the design of 1024-QAM CQI entries, which can also be sampled from the MCS entries supporting 1024-QAM. As discussed in section 2.1.1, the SNR gap between 1024-QAM entries in the proposed MCS table is similar to those between 256-QAM entries. Therefore, to keep similar SNR gap in CQI tables, three CQI entries for 1024-QAM can be obtained by sampling from the six 1024-QAM MCS entries proposed in Table I.
Proposal 7: For the CQI table supporting 1024-QAM, specify three CQI entries for 1024-QAM.
- The corresponding code rates are 822/1024, 885/1024, 948/1024, respectively.
With three 1024-QAM entries added, the same number of legacy entries should be removed. It is proposed to remove the legacy entries #2, #4 and #6 in 4-bit CQI table 2 as shown in Table A.3 placed in the appendix.
Proposal 8: The CQI table supporting 1024-QAM should be designed based on CQI table 2 by removing the legacy CQI entries #2, #4 and #6, and adding three CQI entries of 1024-QAM.
In summary, it is recommended to specify the MCS index table for supporting 1024-QAM as shown in Table III.
Table III. Proposed CQI table supporting for 1024-QAM
	13
	1024-QAM
	822
	8.0273

	14
	1024-QAM
	885
	8.6425

	15
	1024-QAM
	948
	9.2578



On cell size(s) and type of scenarios
As defined in [3], there are three different BS classes for BS type 1-C including wide area BS, medium range BS and local area BS, which are of different limits for rated output power. It should be noted that, when deciding the cell size(s) that supports 1024-QAM, verifying the system-level performance improvement provided by 1024-QAM should be of the highest priority. Usually, such kind of system-level evaluation is conducted by RAN1 rather than RAN4, as in the introduction of 1024-QAM for LTE/E-UTRA [4]. Thus, it is more thoughtful and accurate for RAN1 to identify the cell size(s) in which supporting 1024-QAM can provide notable performance gain. It is not necessary to support 1024-QAM for the cell size that no gain or only marginal gain can be obtained.
Proposal 9: RAN1 should conduct system-level evaluation to identify the cell size(s) in which supporting 1024-QAM can provide notable performance gain.
The discussion is focused on the class of wide area BS, which corresponds to the macro BS whose typical application scenarios include dense urban and urban macro. Thus in the following part, the performance comparison between schemes with and without 1024-QAM for these two scenarios are provided. The detailed simulation assumptions are listed in Table A.2 of Appendix A. Regarding that the MCS table supporting 1024-QAM is still under discussion, it is assumed that 6 MCS entries listed in Table III for 1024-QAM are added to the current MCS index table 2 (Table 5.1.3.1-2) in [5] in order to fully take advantage of 1024-QAM, without removing any legacy entries. The evaluation results in terms of gain of cell average spectral efficiency (SE) and the SE of cell centered UEs (95%-tile UEs) with full buffer traffic are provided in the following Table IV. 


[bookmark: _Ref52608367]Table IV. Evaluation results with and without 1024-QAM of full buffer
	Scenario
	Dense Urban
	Urban macro

	Scheme
	w/o 1024
	with 1024
	w/o 1024
	with 1024

	Gain of cell average SE
	-
	-0.02%
	-
	0.09%

	Gain of 95%-tile UE SE
	-
	1.93%
	-
	0.71%



It can be observed from the above table that supporting 1024-QAM can at most provide 1.93% gain in terms of cell centered SE under the traffic model of full buffer, while there is no gain for cell average SE. 
Then in the following Table V, the evaluation results in terms of gain of cell average user perceived throughput (UPT) and 95%-tile UE UPT with FTP traffic are given.

[bookmark: _Ref52637364]Table V. Evaluation results with and without 1024-QAM of FTP traffic
	Scenario
	Dense Urban
	Urban macro

	Scheme
	w/o 1024
	with 1024
	w/o 1024
	with 1024

	RU
	~25%
	~40%

	Gain of average UPT
	-
	2.40%
	-
	2.40%

	Gain of 95%-tile UE UPT
	-
	2.86%
	-
	2.77%

	RU
	~60%
	~90%

	Gain of average UPT
	-
	2.33%
	-
	0.83%

	Gain of 95%-tile UE UPT
	-
	2.17%
	-
	0.00%



According to the above table, it is observed that in the case of 25-40% RU, the performance gain from 1024-QAM for both average and 95% UPT are less than 3%. And in the case of 60%-90% RU, the corresponding gain is less than 2.5% and less than 1% for dense urban and urban macro, respectively.
Please note that the above results are based on the assumption without transmit power reduction at the BS side. Actually, the macro BS needs to additionally reduce the transmit power in some scale in order to satisfy the Tx EVM requirement of 1024-QAM. By considering such power reduction, the corresponding performance are given below. 






[bookmark: _Ref54086093]Table VI. Evaluation results with different values of additional transmit power reduction
	Scenario
	Dense Urban

	Scheme
	w/o 1024 (baseline)
	with 1024

	Transmit power reduction
	0 dB
	1 dB
	2 dB
	3 dB
	4 dB

	RU
	~60%

	Gain of average UPT
	-
	2.65%
	1.41%
	-1.14%
	-1.48%

	Gain of 95%-tile UE UPT
	-
	2.17%
	0.00%
	-2.08%
	-4.08%



It can be observed that when additional power reduction reaches 3 dB, supporting 1024-QAM will result in 1.14% loss for average UPT and 2.08% loss for 95% UPT. The performance will be further degraded with larger value of transmit power reduction. To conclude, introducing 1024-QAM for wide range BS will lead to performance degradation if additional 3 dB or more transmit power reduction is required at the BS side. In accordance with above results, the following observations can be obtained.
Observation 5: For wide area BS without transmit power reduction and with full buffer traffic, supporting 1024-QAM can at most provide 1.93% gain for cell centered SE, while no gain can be obtained for cell average SE.
Observation 6: For wide area BS without transmit power reduction and with FTP traffic, the performance gain provided by 1024-QAM for both average and 95% UPT are less than 3%.
Observation 7: For wide area BS, supporting 1024-QAM will lead to performance degradation when more than 3 dB transmit power reduction is needed.
Conclusions
This contribution discussed the remaining issues for supporting 1024-QAM including the design of MCS and CQI tables, and also provided system-level evaluation results to verify the effectiveness of 1024-QAM for wide area BS. The following observations and proposals are given:
Observation 1: The transition point between 256-QAM and 1024-QAM is very close to the spectral efficiency of 7.4063 bps/Hz.
Observation 2: For the MCS entry corresponding to the spectral efficiency of 7.4063 bps/Hz, modulations of 256-QAM and 1024-QAM have similar performance.
Observation 3: For the dynamically scheduled PDSCH, the mismatch between actual overhead and configured overhead can be addressed by gNB scheduling.
Observation 4: The mismatch between actual overhead and configured overhead will have negative impacts on the performance of semi-persistent scheduling PDSCH.
Observation 5: For wide area BS without transmit power reduction and with full buffer traffic, supporting 1024-QAM can at most provide 1.93% gain for cell centered SE, while no gain can be obtained for cell average SE.
Observation 6: For wide area BS without transmit power reduction and with FTP traffic, the performance gain provided by 1024-QAM for both average and 95% UPT are less than 3%.
Observation 7: For wide area BS, supporting 1024-QAM will lead to performance degradation when more than 3 dB transmit power reduction is needed.

Proposal 1: The MCS index table supporting 1024-QAM should be designed based on MCS index table 2 by removing a few legacy entries and inserting 1024-QAM entries.
Proposal 2: For the MCS index table supporting 1024-QAM, the modulation should be 256-QAM for the entry with SE 7.4063 bps/Hz, and MCS entries with SE larger than 7.4063 bps/Hz should use 1024-QAM.
Proposal 3: For the MCS index table supporting 1024-QAM, the highest code rate of 1024-QAM entry should be set as 948/1024.
Proposal 4: For the MCS index table supporting 1024-QAM, specify 6 MCS entries for 1024-QAM.
- The corresponding code rates are 790/1024, 822/1024, 853/1024, 885/1024, 916/1024 and 948/1024, respectively.
Proposal 5: The MCS index table supporting 1024-QAM should be designed based on MCS index table 2 by removing the legacy MCS entries #2, #4, #6, #8, #10, #12 and #14, and adding 6 MCS entries of 1024-QAM.
Proposal 6: For a UE configured with the MCS index table supporting 1024-QAM for PDSCH, it uses the actual overhead instead of the overhead configured by higher-layer parameter xOverhead to determine the TBS for the SPS PDSCH.
Proposal 7: For the CQI table supporting 1024-QAM, specify three CQI entries for 1024-QAM.
- The corresponding code rates are 822/1024, 885/1024, 948/1024, respectively.
Proposal 8: The CQI table supporting 1024-QAM should be designed based on CQI table 2 by removing the legacy CQI entries #2, #4 and #6, and adding three CQI entries of 1024-QAM.
Proposal 9: RAN1 should conduct system-level evaluation to identify the cell size(s) in which supporting 1024-QAM can provide notable performance gain.
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Appendix A
Table A.1. Link-level evaluation assumptions
	PARAMETER
	VALUE

	Carrier frequency, SCS, System BW
	3.5GHz, 30kHz, 100 MHz 

	Channel model
	CDL-B  30ns delay spread

	UE speed
	0.5 km/h

	Number of UE antennas 
	1T4R

	Number of gNB antennas
	8T

	Tx EVM
	0, 2%

	Rx EVM
	0, 3%

	MCS
	256 QAM,Coding Rate：0.666,0.6943, 0.7343, 0.7783, 0.8213, 0.8642, 0.895, 0.9257
1024 QAM ,Coding Rate*: 0.70, 0.75, 0.80, 0.85, 0.90, 0.925

	DMRS type
	DM-RS type 1

	Number of DMRS symbols
	1

	Number of scheduled RBs
	50

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

	Rank
	Rank1,Rank2

	Channel estimation
	Realistic channel estimation

	PRB Bundling
	2



Table A.2. Removed entries from MCS index table 2
	es
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	0
	2
	120
	0.2344

	1
	2
	193
	0.3770

	2
	2
	308
	0.6016

	3
	2
	449
	0.8770

	4
	2
	602
	1.1758

	5
	4
	378
	1.4766

	6
	4
	434
	1.6953

	7
	4
	490
	1.9141

	8
	4
	553
	2.1602

	9
	4
	616
	2.4063

	10
	4
	658
	2.5703

	11
	6
	466
	2.7305

	12
	6
	517
	3.0293

	13
	6
	567
	3.3223

	14
	6
	616
	3.6094

	15
	6
	666
	3.9023

	16
	6
	719
	4.2129

	17
	6
	772
	4.5234

	18
	6
	822
	4.8164

	19
	6
	873
	5.1152

	20
	8
	682.5
	5.3320

	21
	8
	711
	5.5547

	22
	8
	754
	5.8906

	23
	8
	797
	6.2266

	24
	8
	841
	6.5703

	25
	8
	885
	6.9141

	26
	8
	916.5
	7.1602

	27
	8
	948
	7.4063

	28
	2
	reserved

	29
	4
	reserved

	30
	6
	reserved

	31
	8
	reserved



Table A.3. Removed entries from 4-bit CQI table 2
	CQI index


	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK 
	78 
	0.1523 

	2
	QPSK 
	193 
	0.3770 

	3
	QPSK 
	449 
	0.8770 

	4
	16QAM 
	378 
	1.4766 

	5
	16QAM 
	490 
	1.9141 

	6
	16QAM 
	616 
	2.4063 

	7
	64QAM 
	466 
	2.7305 

	8
	64QAM 
	567 
	3.3223 

	9
	64QAM 
	666 
	3.9023 

	10
	64QAM 
	772 
	4.5234 

	11
	64QAM 
	873 
	5.1152 

	12
	256-QAM 
	711 
	5.5547 

	13
	256-QAM 
	797 
	6.2266

	14
	256-QAM 
	885 
	6.9141

	15
	256-QAM 
	948 
	7.4063 



Table A.4. System-level evaluation assumptions
	Scenario
	Dense Urban
	Urban Macro

	Layout
	Single layer: 7 sites, 3 sector per site
	7 sites, 3 sector per site

	Inter-BS distance
	200m
	500m

	Carrier frequency
	4GHz

	Simulation bandwidth
	20MHz

	Numerology
	30KHz

	Duplex configuration
	TDD: DDDSU

	Channel model
	3D UMa

	BS Tx power
	44dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 44dBm
	49dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm

	BS antenna configuration
	 (M,N,P,Mg,Ng) = (8,8,2,1,1)
(dH,dV) = (0.5, 0.8)λ

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8dBi

	BS antenna element gain pattern
	According to TR36.873

	UE Tx power
	Maximum 23dBm

	UE antenna configuration
	2Tx4Rx

	UE antenna height
	1.5m

	UE antenna gain
	0dBi

	UE antenna element gain pattern
	Omnidirectional

	UE receiver noise figure
	9dB

	UE distribution
	10 UEs per sector; 
80% indoor+20% outdoor

	UE receiver
	MMSE-IRC

	Channel estimation
	Real

	Traffic model
	1) Full buffer;
2) FTP model with packet size 0.5Mbytes

	MIMO scheme
	SU-MIMO with rank adaptation and MU-MIMO

	CSI scheme
	Reciprocity based; 2T SRS
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