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Introduction
In RAN plenary #89e, RAN4-led work item has been approved and scoped the following for RAN1 for the introduction of 1024 QAM for NR PDSCH in FR1 [1].
	The objective is to specify downlink 1024QAM for NR PDSCH operation in FR1, together with related procedures, signalling and necessary RF requirements. The main objectives are:
· Specify high order modulation for PDSCH [RAN1]
· Specify 1024QAM constellation as specified in E-UTRA for DL PDSCH
· Specify corresponding MCS table with 1024QAM 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 1024QAM entries as defined in E-UTRA



In this contribution, we discuss the RAN1 aspects related to the introduction of the 1024-QAM including constellation, MCS table, CQI table and evaluation methodology. 
1024-QAM constellation 
The LTE modulation constellations show good performance and robustness. In NR, the modulation constellations of QPSK, 16-QAM, 64-QAM, 256-QAM are reused from LTE.  As suggested by the WID we support to adopt LTE 1024-QAM constellation mapping where 10-tuplets of bits  is mapped based on gray coding to complex value modulation symbol x as follow:


Proposal 1: Adopt LTE 1024-QAM constellation mapping 
1024-QAM MCS table
In NR, separate MCS tables have been adopted for eMBB 64-QAM and 256-QAM. The introduction of 1024-QAM in NR should be carefully considered for many reasons. First, 1024-QAM may be targeted for different types of UEs (e.g. CPE) and specific channel scenarios (e.g. high SNR, line of sight, low mobility) that is why a separate MCS table should be applied for 1024-QAM instead of just reusing LTE 1024-QAM table. Also, compared to LTE, LDPC codes are used in NR which can achieve a higher throughput which is suitable for 1024-QAM. Also, there are other differences between NR and LTE e.g. maximum CB, the TB calculation, Redundancy version, RV difference, etc. Finally, considering different decoding feature between LTE Turbo codes and NR LDPC codes, a new MCS table can be considered for NR instead of reuse LTE MCS table.
Observation 1: There are many differences between LTE and NR; coding, maximum CB size, TB size calculation, RV, etc which may results into different performance with 1024-QAM.
Proposal 2: NR 1024-QAM MCS table should be careful designed instead of blindly adopting LTE 1024-QAM MCS table.
6-bit MCS 1024-QAM table
Following the guidance in the WID to keep same DCI overhead of MCS indication the same as in Rel-15, a 32 entries table should be used for the 1024-QAM table. However, there are two concerns with the 5-bit table. First, the number of explicit MCS entries is reduced to 27 entries as compared to 28 and 29 entries for the 256-QAM and 64-QAM tables, respectively. This will reduce the # MCS entries for some of the QAM (e.g. QPSK and 16-QAM) and may have an impact on the transition point. Also, this will result into non-uniform SE between the MCS entries. On the other hand, due to the varying overhead from one slot to the other depending on the presence of e.g. CSI-RS in a slot, the optimum switching point between 256 and 1024QAM will be different. Finally, as LTE adopted both 32 and 64 entries 1024-QAM table. It is recommended to consider a 64 entries 1024-QAM MCS table.
To further explain, we did a link level simulation to compare the performance between two MCS at the transition point between 256-QAM and 1024-QAM  as shown in Table 1 using  two scenarios with and without CSI-RS overhead within the DL slot
[bookmark: _Ref54381039]Table 1: 256-QAM and 1024-QAM MCS
	MCS Index IMCS
	Modulation Order Qm
	Target code Rate R x [1024]
	Spectral efficiency

	23
	8
	948  
	7.4063

	24
	10 
	797
	7.78320



The results are shown in Figure 3‑1. We observe that, under these settings, for the case of CSI-RS overhead 1024QAM outperforms 256QAM, but the opposite behaviour when there is no overhead. 
[image: ] [image: ]
[bookmark: _Ref54385161]Figure 3‑1 Link level evaluation comparing MCS transition for two scenario with different overhead
Observation 2: A 5-bit 1024 QAM MCS table will have less explicit MCS entries than 64-QAM and 256-QAM tables which may result into non-uniform SE between MCS entries and non-optimal transition points.
Observation 3: Due to varying overhead from one slot to the other, the optimum switching between may be different with 5-bit MCS table.
Proposal 3: Consider larger 64 entries MCS table for the 1024-QAM than the 32 entries 256-QAM table. 
Reserved MCS entries
In the MCS table, reserved indices are used for each modulation order. For tables with a large number of modulation orders, the number of implicit MCS entries could be large, if we keep the same rules, 5 reserved entries are needed for 1024-QAM. This reduces the number of explicit MCS entries, potentially limiting the MCS-allocation combinations that can be used on first transmission.
In order to make the scheduling more flexible while maintaining scheduler flexibility on retransmission, multiple modulation orders can be associated with one reserved entry. In Table 1, an example of multiple 

[bookmark: _Ref54255499]Table 2: Example of reserved MCS entries
	MCS Index
IMCS
	Modulation Order
Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	28
	2 or 4
	reserved

	29
	4 or 6
	reserved

	30
	6 or 8
	reserved

	31
	8 or 10
	reserved




Since it is unlikely that a large difference of spectral efficiency applied for retransmission, it is not necessary to support 2 and 10 at the same time, and the modulation order can be determined by an earlier transmission of the TB
Observation 4: For 5-bit 1024-QAM table, 5 MCS entries should be reserved which limit the number of available MCS entries.
Proposal 4: For the implicit MCS entries, consider multiple modulation orders can be associated with one reserved entry. 

5-bit 1024-QAM MCS Table
Similar to LTE, the design methodology of a 5-bit 1024-QAM MCS table can be done by extending the current NR 256-QAM table (Table 5.1.3.1-2 in 38.213) by removing M low SE entries from the 256-QAM table and adding M entries for the 1024-QAM including one reserved entry for retransmission. It is preferred to keep minimum SE the same as the 256-QAM table, therefore, the lowest MCS 0 (QPSK) should be kept in the new 1024-QAM table. This will enable retransmission at lowest SE without the need to dynamically switch between MCS tables.
Proposal 5: For introduction of 1024QAM 5-bit MCS table:
· Remove M entries from the 256QAM table while keeping the lowest MCS
· Add M new entries for 1024QAM including 1 entry to support re-transmission with 1024 QAM

In our views, since it is unlikely to need retransmission using very low SE MCSs, then every other entry of the QPSK and 16-QAM modulations can be removed. This means removing 5 entries of the MCS tables with MCS index 1,3,5,7 and 9. This will enable the introduction of four entries of 1024-QAM plus 1 reserved entry for re-transmission. The new added entries will guarantee that the SE are within 0.3-0.4 within the consecutive entries of the added 1024-QAM MCS.  The objective is to keep roughly 1 dB step between MCS entries over AWGN. 
Table 3: New entries of 1024-QAM
	MCS Index IMCS
	Modulation Order Qm
	Target code Rate R x [1024]
	Spectral efficiency

	23
	10
	841  
	8.2129

	24
	10 
	885
	8.6426

	25
	10
	916.5
	8.9502

	26
	10
	948
	9.2578

	27
	2
	Reserved

	28
	4
	Reserved

	29
	6
	Reserved

	30
	8
	Reserved

	31
	10
	Reserved 




While RAN1 is introducing the new 1024-QAM table, we should also revise modulation transition points between the different QAM modulations to improve performance. This will require link-level evaluation over both fading and AWGN channels. 
CQI table
Similar design methodology should be adopted for the design of the CQI table. Starting from the 4-bit 256-QAM CQI table (Table 5.2.2.1-3 in 38.214), N entries can be removed while N new entries for the 1024-QAM should be added. 
Proposal 6: For introduction of 1024QAM 4-bit CQI table:
· Remove N entries from the 256QAM CQI table.
· Add N new entries for 1024QAM 
Evaluation methodology
It is important to focus the link-level evaluation assumptions on the practical deployment scenarios where 1024-QAM is expected to happen and provide performance gain. This includes the gNB antenna configuration, frequency band, channel model, number of layers, mobility scenario, Tx and Rx RF impairments (e.g. EVM, phase noise), etc. To get the discussion going, the following table is a summary of the basic simulation parameters for the link-level evaluation.

Table 4: Suggested EVM Table
	Parameter
	Value

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

	Channel model
	AWGN, CDL-B or CDL-C in TR 38.901 with 30/100ns delay spread 

	UE speed
	3km/h

	Number of UE antennas 
	1T4R, 2T4R or 4T4R

	Number of gNB antennas
	32T32R or 64T64R

	Tx EVM
	0, 2%

	Rx EVM
	0, 3%

	MCS
	MCS adaptation and fixed MCS 

	DMRS type
	DM-RS type 1

	Number of DMRS symbols
	1

	Number of scheduled RBs
	273

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

	Rank
	Rank 2, Rank 4


	Channel estimation
	Realistic channel estimation

	Metric
	Crossover SNR at transition points 




Conclusion 
In this contribution, we presented our views on the RAN1 aspects related to the introduction of the 1024-QAM including constellation, MCS table, CQI table and evaluation methodology. Below is the summary of observation and proposals. 
[bookmark: _Hlk23927392]Observation 1: There are many differences between LTE and NR; coding, maximum CB size, TB size calculation, RV, etc which may results into different performance with 1024-QAM.
Observation 2: A 5-bit 1024 QAM MCS table will have less explicit MCS entries than 64-QAM and 256-QAM tables which may result into non-uniform SE between MCS entries and non-optimal transition points.
Observation 3: Due to varying overhead from one slot to the other, the optimum switching between may be different with 5-bit MCS table.
Observation 4: For 5-bit 1024-QAM table, 5 MCS entries should be reserved which limit the number of available MCS entries.

Proposal 1: Adopt LTE 1024-QAM constellation mapping 

Proposal 2: NR 1024-QAM MCS table should be careful designed instead of blindly adopting LTE 1024-QAM MCS table.

Proposal 3: Consider larger 64 entries MCS table for the 1024-QAM than the 32 entries 256-QAM table

Proposal 4: Consider multiple modulation orders can be associated with one reserved entry
Proposal 5: For introduction of 1024QAM 5-bit MCS table:
· Remove M entries from the 256QAM table while keeping the lowest MCS
· Add M new entries for 1024QAM including 1 entry to support re-transmission with 1024 QAM

Proposal 6: For introduction of 1024QAM 4-bit CQI table:
· Remove N entries from the 256QAM CQI table.
· Add N new entries for 1024QAM 
Reference
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