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1	Introduction
RAN1#89-e approved the WI on introduction of 1024-QAM for NR PDSCH with RAN4 as the leading WG, with objectives for RAN1 and RAN2. The objectives are as follows: 
[image: ]
The RAN1 objectives are quite straight-forward and leverages the already defined functionality for 1024-QAM introduced for LTE in Rel-15.
[bookmark: _Ref178064866]2	Discussion
2.1	1024-QAM constellation/CQI/MCS
In LTE Rel-15, RAN1 introduced the support of 1024-QAM constellation for LTE downlink as it provides enhanced network and UE throughput in scenarios with sufficiently higher SINR and better channel conditions.  From RAN1 perspective, as the objectives from the work item indicate, the main aspects include the specification of 1024-QAM constellation, and corresponding MCS and CQI tables containing 1024-QAM entries.
Regarding 1024-QAM constellation, this can be a straight-forward reuse of the constellation specified for LTE, which is basically a Gray-coded mapping of the bits to the constellation symbols. The 1024-QAM Constellation mapping for LTE is shown in Annex A.
[bookmark: _Toc54384266]For NR, adopt the 1024-QAM constellation as specified in E-UTRA (36.211-fa0, subclause 7.1.6). 
Regarding the CQI table containing 1024-QAM entries, this can be also be straight-forward reuse of the corresponding CQI table specified for LTE. There are two entries corresponding to 1024-QAM, corresponding to spectral efficiencies of 8.33 bits/symbol and 9.258 bits/symbol, the latter of which corresponding to coding rate of 948/1024, which is also the maximum coding rate target for CQI tables with 64-QAM and 256-QAM constellations.  The 1024-QAM CQI table for LTE is shown in Annex B.
[bookmark: _Toc54384267]For NR, adopt the CQI table with 1024-QAM entries as specified in E-UTRA (From 36.213-fa0, subclause 7.2.3-4). 
Regarding MCS table containing 1024-QAM entries, for LTE, both a five-bit MCS table and six-bit MCS tables were defined. For NR, firstly we note that the WI objective states that the DCI overhead for MCS indication should be the same as in Rel-15, implying a five-bit MCS, or a maximum of 32 entries in the 1024-QAM table. Given this, we propose to use a five-bit MCS table for 1024-QAM. 
[bookmark: _Toc54384268]For NR DL, adopt a five-bit MCS table with 1024-QAM entries. 
Regarding the five-bit table design, there are a couple of design approaches. 
· Option 1 : Define a new MCS table with 1024-QAM entries covering the full range of spectral efficiencies from ~ rate-1/5 QPSK to 948/1024, 1024-QAM. 
· Some MCS entries from the lower spectral efficiency range have to omitted to accommodate the new MCSes corresponding to 1024-QAM. 
· Option 2 : Define a new MCS table with 1024-QAM entries covering a partial range of spectral efficiencies (e.g. from rate-948/1024 64QAM to 948/1024, 1024-QAM), and use the new table with a different RNTI, while using the regular MCS table (e.g. 256-QAM table) for C-RNTI, etc. 
· No decimation needed and a new MCS table can be designed for a targeted range of high spectral efficiencies without losing the scheduling flexibility with regular MCS table. This however needs new RNTI used for scheduling 1024-QAM.

From our viewpoint, both are feasible, though we now focus on option 1 given that is also the principle used in the LTE design of the 5-bit 1024-QAM MCS table. Some notes below on deriving the new table. 
· Five entries are needed for implicit MCS entries (used for retransmissions), corresponding to each of the five modulation orders (QPSK to 1024-QAM). 
· Four entries to cover the 1024-QAM spectral efficiency range from CQI table, and these can be obtained by interpolating adjacent spectral efficiencies from the corresponding CQI table, as shown below. The highest MCS corresponds to maximum coding rate of 948/1024 and 1024-QAM, which is the same maximum coding rate as assumed in NR. 
· Modulation	rate x[1024]	SE
· 1024QAM 	806		7.8692
· 1024QAM 	853		8.3321
· 1024QAM 	900.5		8.79495
· 1024QAM 	948		9.2578
· For the remaining 23 entries, the MCSes can be defined in the range between MCS1 of the 256-QAM table (QPSK, rate 193/1024) and highest MCS 948/1024 and 256-QAM, with some decimation. For instance, the MCS entries 2,4,6,8,10 from the set MCS0-27 of NR 256-QAM table can be removed. 
This provides reasonably good range covering the lowest to highest spectral efficiencies, while maintaining reasonably granularity.
[bookmark: _Toc54384269]For NR DL, adopt the five-bit MCS table (from Table 1 of this contribution) with 1024-QAM entries. 

Table 1. Proposed five-bit 1024-QAM MCS table.
	MCS Index

	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	0
	2
	120
	0.2344

	1
	2
	193
	0.377

	2
	2
	449
	0.877

	3
	4
	378
	1.4766

	4
	4
	490
	1.9141

	5
	4
	616
	2.4063

	6
	6
	466
	2.7305

	7
	6
	517
	3.0293

	8
	6
	567
	3.3223

	9
	6
	616
	3.6094

	10
	6
	666
	3.9023

	11
	6
	719
	4.2129

	12
	6
	772
	4.5234

	13
	6
	822
	4.8164

	14
	6
	873
	5.1152

	15
	8
	682.5
	5.332

	16
	8
	711
	5.5547

	17
	8
	754
	5.8906

	18
	8
	797
	6.2266

	19
	8
	841
	6.5703

	20
	8
	885
	6.9141

	21
	8
	916.5
	7.1602

	22
	8
	948
	7.4063

	23
	10
	806
	7.8692

	24
	10
	853
	8.3321

	25
	10
	900.5
	8.79495

	26
	10
	948
	9.2578

	27
	2
	reserved

	28
	4
	reserved

	29
	6
	reserved

	30
	8
	reserved

	31
	10
	reserved



2.2	Enabling 1024-QAM feature
Like 256-QAM, higher layer signaling is needed to enable 1024-QAM, and in this section we discuss the related aspects from RAN1 perspective, and can inform RAN2 accordingly. 
Regarding CQI tables, NR already supports multiple CQI tables (e.g. two for 64-QAM, one for 256-QAM), and the CQI table that is used for reporting is explicitly configured by higher layer signaling (i.e. RRC parameter cqi-Table in the CSI-ReportConfig). Likewise, the usage of the 1024-QAM CQI table should also be configurable by higher layer signaling. This can be done by using the existing RRC parameter (cqi-Table) with extended value range (e.g. adding ‘table 4’ or reuse the existing spare field ‘spare1’) or by introducing a new RRC parameter (cqi-Table1024qam). Latter seems simpler and is proposed here (RAN2 can handle the detailed design).  
[bookmark: _Toc54384270]Introduce a new RRC parameter in CSI-ReportConfig to configure CSI reporting based on 1024-QAM CQI table. 
NR already supports multiple MCS tables (e.g. two for 64-QAM, one for 256-QAM) and the MCS table used for reporting is explicitly configured by RRC parameter mcs-Table for downlink. Similarly, the usage of the 1024-QAM MCS table should also be configurable by higher layer signaling. This can be done by using the existing RRC parameter (mcs-Table) with extended value range (e.g. ‘qam1024’’) or by introducing a new RRC parameter (mcs-Table1024qam). Since Rel-16 also introduced a separate DCI format 1-2, another RRC parameter is needed to enable 1024QAM MCS table for DCI format 1-2. Exact details of how this is done can be left to RAN2. 
[bookmark: _GoBack]The usage of the 1024-QAM MCS table should be limited to the non-fallback DCI format in downlink i.e. DCI format 1-1. Furthermore, it should be supported for C-RNTI. It would also be used for CS-RNTI if there is no separate MCS table configured in SPS-Config (like 256-QAM case).  
[bookmark: _Toc54384271]Introduce two RRC parameters in PDSCH-Config to configure usage of the 1024-QAM MCS table for DCI format 1-1 and DCI format 1-2, respectively. 
[bookmark: _Toc54384272]When higher layers configure usage of 1024-QAM for DCI format 1-1 (DCI format 1-2) , the 1024-QAM MCS table is used for PDSCH scheduled with DCI format 1-1 (DCI format 1-2) with
a. [bookmark: _Toc54384273]CRC scrambled by C-RNTI
b. [bookmark: _Toc54384274]CRC scrambled by CS-RNTI if the UE is not configured with mcs-Table in SPS-Config

Apart the constellation/CQI/MCS tables, the introduction of the new higher modulation order and the new MCS table will also need to be reflected in few other parts of the RAN1 specification:
· 38.214 - PT-RS transmission procedure –PT-RS density for different MCSes with 1024 QAM MCS table.
· 38.214 - Per-cell data rate constraint (DataRateCC)  - Applied for implicit MCS levels used with 1024-QAM MCS table (W=26)
· 38.212 - TBS_LBRM definition -  Qm=10 is assumed for DL-SCH, if the 1024-QAM modulation is enabled for at least one DL BWP of the serving cell
· 38.201 – reflecting 1024-QAM as one of the supported modulation orders for downlink.

[bookmark: _Toc54383531]Following additional spec changes are identified for support of 1024-QAM MCS on DL
a. [bookmark: _Toc54383532]38.214 - PT-RS transmission procedure –PT-RS density for different MCSes with 1024 QAM MCS table.
b. [bookmark: _Toc54383533]38.214 - Per-cell data rate constraint (DataRateCC)  - Applied for implicit MCS levels used with 1024-QAM MCS table (i.e. W=26)
c. [bookmark: _Toc54383534]38.212 - TBS_LBRM definition -  Qm=10 is assumed for DL-SCH, if the 1024-QAM modulation is enabled for at least one DL BWP of the serving cell
d. [bookmark: _Toc54383535]38.201 – reflecting 1024-QAM as one of the supported modulation orders for downlink.

Conclusion
In the previous sections we made the following observations: 
Observation 1	Following additional spec changes are identified for support of 1024-QAM MCS on DL
a.	38.214 - PT-RS transmission procedure –PT-RS density for different MCSes with 1024 QAM MCS table.
b.	38.214 - Per-cell data rate constraint (DataRateCC)  - Applied for implicit MCS levels used with 1024-QAM MCS table (i.e. W=26)
c.	38.212 - TBS_LBRM definition -  Qm=10 is assumed for DL-SCH, if the 1024-QAM modulation is enabled for at least one DL BWP of the serving cell
d.	38.201 – reflecting 1024-QAM as one of the supported modulation orders for downlink.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For NR, adopt the 1024-QAM constellation as specified in E-UTRA (36.211-fa0, subclause 7.1.6).
Proposal 2	For NR, adopt the CQI table with 1024-QAM entries as specified in E-UTRA (From 36.213-fa0, subclause 7.2.3-4).
Proposal 3	For NR DL, adopt a five-bit MCS table with 1024-QAM entries.
Proposal 4	For NR DL, adopt the five-bit MCS table (from Table 1 of this contribution) with 1024-QAM entries.
Proposal 5	Introduce a new RRC parameter in CSI-ReportConfig to configure CSI reporting based on 1024-QAM CQI table.
Proposal 6	Introduce two RRC parameters in PDSCH-Config to configure usage of the 1024-QAM MCS table for DCI format 1-1 and DCI format 1-2, respectively.
Proposal 7	When higher layers configure usage of 1024-QAM for DCI format 1-1 (DCI format 1-2) , the 1024-QAM MCS table is used for PDSCH scheduled with DCI format 1-1 (DCI format 1-2) with
a.	CRC scrambled by C-RNTI
b.	CRC scrambled by CS-RNTI if the UE is not configured with mcs-Table in SPS-Config
[bookmark: _In-sequence_SDU_delivery] 
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Annex A (1024-QAM Constellation mapping for LTE)

[bookmark: _Hlk52463880]From 36.211-fa0, subclause 7.1.6 

In case of 1024QAM modulation, 10-tuplets of bits, [image: ], are mapped to complex-valued modulation symbols [image: ] according to
	[image: ]

Annex B (1024-QAM CQI table for LTE)
From 36.213-fa0, subclause 7.2.3 

Table 7.2.3-4: 4-bit CQI Table 4
	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 
	616
	2.4063

	6
	64QAM 
	567
	3.3223

	7
	64QAM 
	666
	3.9023

	8
	64QAM 
	772
	4.5234

	9
	64QAM 
	873
	5.1152

	10
	256QAM 
	711
	5.5547

	11
	256QAM
	797
	6.2266

	12
	256QAM 
	885
	6.9141

	13
	256QAM 
	948
	7.4063

	14
	1024QAM 
	853
	8.3321

	15
	1024QAM 
	948 
	9.2578



Annex C (1024-QAM 5-bit MCS table for LTE)
From 36.213-fa0, subclause 7.1.7
Table 7.1.7.1-1B. Modulation and TBS index table 3 for PDSCH
	MCS Index
[image: ]
	Modulation Order
[image: ]
	Modulation Order
[image: ]
	TBS Index
[image: ]

	0
	2 
	2
	0 

	1
	2 
	2
	2 

	2
	2 
	2
	4 

	3
	2 
	4
	6 

	4
	2 
	4
	8 

	5
	4 
	6
	11 

	6
	4 
	6
	13 

	7
	4 
	8
	15 

	8
	6 
	8
	16 

	9
	6 
	8
	18 

	10
	6 
	8
	20 

	11
	6 
	8
	21 

	12
	6 
	8
	22 

	13
	6 
	8
	23 

	14
	6 
	8
	24 

	15
	8 
	8
	25 

	16
	8 
	8
	27 

	17
	8 
	8
	28 

	18
	8 
	8
	29 

	19
	8 
	8
	30 

	20
	8 
	8
	31 

	21
	8 
	8
	32 

	22
	8 
	8
	33/33A/33B 

	23
	10
	10
	34A

	24
	10
	10
	35

	25
	10
	10
	36

	26
	10
	10
	37A/37
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   Specify high order modulation for PDSCH [RAN1]   o   Specify 1024QAM constellation as specified in E - UTRA for DL PDSCH   o   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      o   Specify corresponding CQI feedback  with 1024QAM entries as defined in E - UTRA      Specify corresponding RRC signalling and UE capabilities [RAN2]   o   Note: DL PDSCH 1024QAM for FR1 should be defined as a per - band UE capability      Specify corresponding UE and BS RF cor e requirements [RAN4]   o   UE  and  BS RF core requirements  are specified for stationary wireless scenarios with up to  2 layer DL MIMO   o   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.  
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