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Introduction
RAN1 sent an LS as they completed the support of DL 1024QAM for NR. 
	RAN WG1 made following agreements regarding RRC signalling needed for support of DL 1024-QAM for NR.
· Introduce new RRC signaling to indicate use of 1024-QAM MCS table for at least DCI format 1_1
· FFS : support of 1024-QAM MCS table for DCI format 1_2 
· Note: If 1024-QAM MCS table for DCI format 1_2 is supported, separate RRC signaling is used for each of the two DCI formats 1_1 and 1_2, respectively
· FFS : whether the RRC signaling is only introduced in PDSCH-Config or it can also be separately configured in SPS-Config
· RRC signaling (mcs-Table-r17) to indicate use of 1024-QAM MCS table for DCI format 1_1 is present only in PDSCH-config
· Introduce new RRC signaling to indicate use of 1024-QAM CQI table.
· Introduce separate RRC signaling to indicate use of 1024-QAM MCS table for DCI format 1_2.




In this document, we discuss RAN2 aspects to introduce 1024QAM support in NR. 
Discussion
New parameters
For the new modulation type, 1024QAM, the gNB should enable 1024QAM for the MCS table and CQI table. Therefore, RAN1 indicated the following three new parameters. 
	mcs-Table-r17
	Configuration of 1024-QAM MCS table for DCI format 1_1 with CRC scrambled by C-RNTI and CS-RNTI

	cqi-Table-r17
	Configuration of 1024-QAM CQI table 

	mcs-TableDCI-1-2-r17
	Configuration of 1024-QAM MCS table for DCI format 1_2 with CRC scrambled by C-RNTI and CS-RNTI



[bookmark: pro1][bookmark: _Hlk67891567]Proposal 1: three new parameters should be introduced for PDSCH; mcs-Table-r17, cqi-Table-r17, mcs-TableDCI-1-2-r17
Although it is FFS in the excel sheet whether mcs-Table-r17 is applied for SPS as well as dynamic configuration, the LS explicitly mentioned that mcs-Table-r17 is only in PDSCH-Config, i.e. it is not supported for SPS-Config. 
[bookmark: pro2]Proposal 2: mcs-Table-r17 is signalled in PDSCH-Config only for DCI format 1-1. 

Relationship with the legacy parameters in PDSCH-Config 
Currently, mcs-Table, mcs-TableDCI-1-2-r16 and cqi-Table are specified to indicate MCS table and CQI table. It is our understanding that the network configures only one parameter. That is, if Rel-17 parameters are configured, the legacy parameters should not be present. 

	Legacy IEs
	New IEs

	mcs-Table
	mcs-Table-r17

	mcs-TableDCI-1-2-r16
	mcs-TableDCI-1-2-r17 

	cqi-Table
	cqi-Table-r17



[bookmark: pro3]Proposal 3: the network should configure either legacy IE or new IE for MCS table and CQI table respectively.

Currently, if mcs-Table and mcs-TableDCI-1-2 are not present, default value is applied 64QAM. If we introduce 1024QAM, the default value should be applied when both legacy and Rel-17 IEs are absent. 
	mcs-Table, mcs-TableDCI-1-2
Indicates which MCS table the UE shall use for PDSCH. (see TS 38.214 [19], clause 5.1.3.1). If the field is absent the UE applies the value 64QAM. The field mcs-Table applies to DCI format 1_0 and DCI format 1_1, and the field mcs-TableDCI-1-2 applies to DCI format 1_2 (see TS 38.214 [19], clause 5.1.3.1)




[bookmark: pro4]Proposal 4: the default value (64QAM) should be applied when both legacy and Rel-17 IEs are absent.

SPS handling for DCI format 1_1
Looking at the field description of mcs-Table configured in SPS Config, if this field is absent and mcs-table in PDSCH-Config is set to ‘qam256’, the UE applies 256QAM. Although RAN1 didn’t indicate it, the same rule is applied for 1024QAM i.e. if this mcs-Table is absent in SPS-Config and mcs-table in PDSCH-Config is set to ‘qam1024’, the UE applies the 1024QAM. 

	mcs-Table
Indicates the MCS table the UE shall use for DL SPS (see TS 38.214 [19],clause 5.1.3.1. If present, the UE shall use the MCS table of low-SE 64QAM table indicated in Table 5.1.3.1-3 of TS 38.214 [19]. If this field is absent and field mcs-table in PDSCH-Config is set to 'qam256' and the activating DCI is of format 1_1, the UE applies the 256QAM table indicated in Table 5.1.3.1-2 of TS 38.214 [19]. Otherwise, the UE applies the non-low-SE 64QAM table indicated in Table 5.1.3.1-1 of TS 38.214 [19].



Although RAN1 didn’t indicate it in their LS, the default behavior is described in their agreed TP [2].
	elseif the UE is not configured with the higher layer parameter mcs-Table given by SPS-Config, and the higher layer parameter mcs-Table-r17 given by PDSCH-Config is set to 'qam1024', 
-     if the PDSCH is scheduled by a PDCCH with DCI format 1_1 with CRC scrambled by CS-RNTI or
-     if the PDSCH with SPS activated by DCI format 1_1 is scheduled without corresponding PDCCH transmission using SPS-Config, 
-     the UE shall use IMCS and Table 5.1.3.1-4 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel.




[bookmark: pro5]Proposal 5: if this mcs-Table is absent in SPS-Config and mcs-table-r17 in PDSCH-Config is set to ‘qam1024’, the UE applies the 1024QAM.

UE capability
Looking at the WID, it is purely RAN2 objective and the UE capability is already assumed as a per-band UE capability. 
· Specify corresponding RRC signalling and UE capabilities [RAN2]
· Note: DL PDSCH 1024QAM for FR1 should be defined as a per-band UE capability
RAN2 could agree per band UE capability but it seems that RAN1 have missed that the modulation order is also used to calculate the peak data rate (i.e. supportedModulationOrderDL). And supportedModulationOrderDL is defined per FSPC. It would be good to get a clear input from RAN1. 
[bookmark: pro6]Proposal 6: RAN2 ask RAN1 whether the support of 1024QAM capability should be defined per FSPC in addition to per band. 

Conclusion
In this contribution, we discussed several RAN2 aspects to introduce DL 1024QAM. Based on the discussion, we propose the following points. 
Proposal 1: three new parameters should be introduced for PDSCH; mcs-Table-r17, cqi-Table-r17, mcs-TableDCI-1-2-r17
Proposal 2: mcs-Table-r17 is signalled in PDSCH-Config only for DCI format 1-1. 
Proposal 3: the network should configure either legacy IE or new IE for MCS table and CQI table respectively.
Proposal 4: the default value (64QAM) should be applied when both legacy and Rel-17 IEs are absent.
Proposal 5: if this mcs-Table is absent in SPS-Config and mcs-table-r17 in PDSCH-Config is set to ‘qam1024’, the UE applies the 1024QAM.
Proposal 6: RAN2 ask RAN1 whether the support of 1024QAM capability should be defined per FSPC in addition to per band. 
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