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Introduction
According to the Rel.17 RedCap WID [1], support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
	· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.


In this contribution, we discuss the modulation order related issues for Redcap.
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In the RAN1#104-e meeting, several companies express their views on the supported MCS tables due to relaxed maximum DL modulation order in FR1, and the following agreements were reached [2].
	Agreements:
· The MCS tables currently defined are re-used for RedCap UEs
· FFS which MCS table is the default one for RedCap (i.e., the default one for non-RedCap UEs or the one with low SE entries)
· FFS mandatory/optional of the MCS tables
· Note: there is no new MCS table to be introduced for RedCap Ues


According to the above agreements, no new MCS table to be introduced for RedCap UEs, and the default/mandatory/optional MCS table for RedCap need further study.
In the current 38.214 [3], there are three MCS tables (Appendix), table 1 is a regular MCS table with max 64QAM, it supports spectral efficiencies from 0.2344 to 5.5547. Table 2 is a regular MCS table with max 256QAM, it supports spectral efficiencies from 0.2344 to 7.4063. Table 3 is a low-SE MCS table with max 64QAM, it supports spectral efficiencies from 0.0586 to 4.5234.
For a RedCap UE does not support 256QAM, the MCS table 2 for PDSCH specified in Table 5.1.3.1-2 should not be supported, then, there are two possible tables that the RedCap UE can use (5.1.3.1-1 and 5.1.3.1-3) as the default MCS table. Further, when the RedCap UE only equipped with 1Rx, it may experience 10dB worse PDSCH performance than normal UEs, for these UEs, the low-SE MCS table provides more MCS choices for UEs that need extra reliability, in this regard, the low-SE MCS table  can  be considered as the default MCS table for RedCap.
For idle mode, according to coverage recovery discussion in SI stage, Msg2/4 may need the coverage compensation (e.g. with the low-SE MCS table), so using the low-SE MCS table may be more critical for RedCap UE in idle mode. It is better that gNB knows the RedCap UE capability of the low-SE MCS table and schedule Msg2/4 with the low-SE MCS table. 
Proposal 1: gNB should know the RedCap UE capability of the low-SE MCS table as early as possible, e.g.  RACH procedure. 
As another alternative of specification, capability of the low-SE MCS table can be mandatory for RedCap UE.
Proposal 2: Capability of the low-SE MCS table is mandatory for RedCap UE.
According to the current spec, the legacy UE can report the capability to indicate whether the UE supports 256QAM for PDSCH via parameter pdsch-256QAM-FR1 or pdsch-256QAM-FR2. In our understanding, the existing capability parameter pdsch-256QAM-FR1 can be reused for RedCap UEs. 
Proposal 3: Reuse the existing capability parameters pdsch-256QAM-FR1 to indicate whether the UE supports 256QAM
The issues on modulation order and MCS table are mostly related to the RedCap UE capability, therefore, we suggest to send an LS to RAN2 including RAN1 agreements on RedCap UE capability part.
Proposal 4: Send an LS to RAN2 including RAN1 agreements on RedCap UE capability part.


[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]Conclusion
Based on the analyses and discussions, we have the following proposals:
Proposal 1: gNB should know the RedCap UE capability of the low-SE MCS table as early as possible, e.g.  RACH procedure. 
Proposal 2: Capability of the low-SE MCS table is mandatory for RedCap UE.
[bookmark: _GoBack]Proposal 3: Reuse the existing capability parameters pdsch-256QAM-FR1 to indicate whether the UE supports 256QAM
Proposal 4: Send an LS to RAN2 including RAN1 agreements on RedCap UE capability part.

Reference 
[1] RP-210918, Revised WID on support of reduced capability NR devices.
[2] Chairman’s Notes, RAN1#104, Online meeting, 25th January - 5th February 2021.
[3] TS 38.214, NR; Physical layer procedures for data.


Appendix 
Table 5.1.3.1-1: MCS index table 1 for PDSCH
	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	0
	2
	120
	0.2344

	1
	2
	157
	0.3066

	2
	2
	193
	0.3770

	3
	2
	251
	0.4902

	4
	2
	308
	0.6016

	5
	2
	379
	0.7402

	6
	2
	449
	0.8770

	7
	2
	526
	1.0273

	8
	2
	602
	1.1758

	9
	2
	679
	1.3262

	10
	4
	340
	1.3281

	11
	4
	378
	1.4766

	12
	4
	434
	1.6953

	13
	4
	490
	1.9141

	14
	4
	553
	2.1602

	15
	4
	616
	2.4063

	16
	4
	658
	2.5703

	17
	6
	438
	2.5664

	18
	6
	466
	2.7305

	19
	6
	517
	3.0293

	20
	6
	567
	3.3223

	21
	6
	616
	3.6094

	22
	6
	666
	3.9023

	23
	6
	719
	4.2129

	24
	6
	772
	4.5234

	25
	6
	822
	4.8164

	26
	6
	873
	5.1152

	27
	6
	910
	5.3320

	28
	6
	948
	5.5547

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved



Table 5.1.3.1-2: MCS index table 2 for PDSCH
	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
	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 5.1.3.1-3: MCS index table 3 for PDSCH
	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	0
	2
	30
	0.0586

	1
	2
	40
	0.0781

	2
	2
	50
	0.0977

	3
	2
	64
	0.1250

	4
	2
	78
	0.1523

	5
	2
	99
	0.1934

	6
	2
	120
	 0.2344

	7
	2
	157
	 0.3066

	8
	2
	193
	 0.3770

	9
	2
	251
	 0.4902

	10
	2
	308
	 0.6016

	11
	2
	379
	 0.7402

	12
	2
	449
	 0.8770

	13
	2
	526
	 1.0273

	14
	2
	602
	 1.1758

	15
	4
	340
	 1.3281

	16
	4
	378
	 1.4766

	17
	4
	434
	 1.6953

	18
	4
	490
	 1.9141

	19
	4
	553
	 2.1602

	20
	4
	616
	 2.4063

	21
	6
	438
	 2.5664

	22
	6
	466
	 2.7305

	23
	6
	517
	 3.0293

	24
	6
	567
	 3.3223

	25
	6
	616
	 3.6094

	26
	6
	666
	 3.9023

	27
	6
	719
	 4.2129

	28
	6
	772
	 4.5234

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved




