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1 Introduction
In the approved WID [1], one objective is to specify the support of relaxed maximum modulation order as follows:
	· 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 RAN1 104 e-meeting, 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

Agreements:
· The CQI tables currently defined are re-used for RedCap UEs.
· FFS mandatory/optional of the CQI tables
· There is no new CQI table to be introduced for RedCap UEs




In this contribution, we discuss the remaining issues related to relaxed maximum modulation order for Redcap according to the RAN1 104e agreements.  
2. Discussions
In Rel-15/16, NR supports three Modulation and Coding Scheme tables for PDSCH in [3], i.e., Table 5.1.3.1-1 (up to 64QAM), Table 5.1.3.1-2 (up to 256QAM) and Table 5.1.3.1-3 (up to 64QAM). More specifically, Table 5.1.3.1-3 was designed for URLLC traffic, which includes 6 lower coding rate entries compared to the lowest MCS in Table 5.1.3.1-1 for normal eMBB services such that the reliability target of 10-5 BLER with a one-shot transmission can be achieved even with a rather low SNR. 

Table 1 briefly compares the difference among MCS table 5.1.3.1-1 and MCS table 5.1.3.1-3 in terms of supported coding rate range for each supported modulation scheme.

Table 1: Comparison between two 64QAM MCS Tables 
	
	QPSK
	16QAM
	64QAM

	
	#CR entries
	Lowest CR
	Highest CR
	#CR entries
	Lowest CR
	Highest CR
	#CR entries
	Lowest CR
	Highest CR

	Table 5.1.3.1-1
	10
	0.2344
	1.3262
	7
	1.3281
	2.5703
	12
	2.5664
	5.5547

	Table 5.1.3.1-3
	15
	0.0586
	1.1758
	6
	1.3281
	2.4063
	8
	2.5664
	4.5234
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Figure 1: 64QAM MCS Tables for PDSCH 
One of the FFS aspects identified in RAN1 104 e-meeting is to discuss which MCS table is the default one for Redcap UEs. In Rel-15/16, the low-SE MCS table (Table 5.1.3.1-3) is optionally supported based on the UE capability report and is operated only after UE enters connected mode. It was proposed in the past RAN1 meeting to mandate Low-SE MCS table for Redcap UEs, which is mainly motivated to improve the coverage performance for 1 Rx Redcap UE by leveraging the lower MCS entries. A few concerns have been raised on mandating lower-SE MCS table for Redcap UEs in RAN1 104-e meeting. Note that different default MCS tables are applied for non-Redcap and Redcap UEs during initial access phase would force network to differentiate Redcap UEs using Msg1 always, which may against the following objective in WID that gNB has flexibility to enable/disable this distinction:  
	· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A if supported, including the ability for the early indication to be configurable by the network. [RAN2, RAN1]


Regarding the coverage performance for Redcap device with 1 Rx, it is still better than that of bottleneck channel i.e., PUSCH based on the evaluation results in TR 38.875.  For the lower DL PSD scenario, TBS scaling (Msg2) and Retransmission (e.g., Msg3/4) maybe sufficient to extend the coverage of these channels.   
Proposal 1: Keeping Table 5.1.3.1-1 as default MCS table for Redcap UEs during initial access.  

In NR, there are 3 CQI tables defined with one-to-one correspondence to the configured MCS table. It remains FFS regarding which CQI table would be mandatory for Redcap UEs. The same handling should be followed for CQI table i.e., reusing the same rule as for non-Redcap UEs i.e., CQI table corresponding to Table 5.2.2.1-2 is the default CQI table.     
Proposal 2: Keeping the CQI table corresponding to the MCS Table 5.1.3.1-1 as default CQI table for Redcap UEs.


 
3. Conclusion 
In this contribution, we have presented our views on relaxed maximum modulation order for Redcap. Based on the discussions, we proposed the following: 
Proposal 1: Keeping Table 5.1.3.1-1 as default table for Redcap UEs during initial access.  
Proposal 2: Keeping the CQI table corresponding to the MCS Table 5.1.3.1-1 as default for Redcap UEs.
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MCS | Modulation Target MCS | Modulation Target
Index Order code Rate jﬂp:;t’::; Index Order code Rate esfﬂp:;t;acly
Imcs Qm R x [1024] Iucs Qm R x [1024]

0 2 120 0.2344 [ 2 30 0.0586
1 2 157 0.3066 1 2 40 0.0781
2 2 193 0.3770 2 2 50 0.0977
3 2 251 0.4902 3 2 64 0.1250
4 2 308 0.6016 4 2 78 0.1523
5 2 379 0.7402 5 2 99 0.1934
6 2 449 0.8770 6 2 120 0.2344
7 2 526 1.0273 7 2 157 0.3066
8 2 602 1.1758 8 2 193 0.3770
9 2 679 1.3262 9 2 251 0.4902
10 4 340 1.3281 10 2 308 0.6016
1 4 378 1.4766 11 2 379 0.7402
12 4 434 1.6953 12 2 449 0.8770
13 4 490 1.9141 13 2 526 1.0273
14 4 553 2.1602 14 2 602 1.1758
15 4 616 2.4063 15 4 340 1.3281
16 4 658 2.5703 16 4 378 1.4766
17 6 438 2.5664 17 4 434 1.6953
18 6 466 2.7305 18 4 490 1.9141
19 6 517 3.0293 19 4 553 2.1602
20 6 567 3.3223 20 4 616 2.4063
21 6 616 3.6094 21 6 438 2.5664
22 6 666 3.9023 22 6 466 2.7305
23 6 719 4.2129 23 6 517 3.0293
24 6 772 4.5234 24 6 567 3.3223
25 6 822 4.8164 25 6 616 3.6094
26 6 873 5.1152 26 6 666 3.9023
27 6 910 5.3320 27 6 719 4.2129
28 6 948 5.5547 28 6 772 4.5234
29 2 reserved 29 2 reserved

30 4 reserved 30 4 reserved

31 6 reserved 31 6 reserved

(a) MCS index table 1 (b) MCS index table 3





