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1 Background
The current capabilities for 1024QAM support are defined per band of band combination (BoBC) as follows:
SupportedBandCombination-v1530 ::= SEQUENCE (SIZE (1..maxBandComb-r10)) OF BandCombinationParameters-v1530

BandCombinationParameters-v1530 ::= SEQUENCE {
	bandParameterList-v1530 		SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF 							BandParameters-v1530		OPTIONAL,
	spt-Parameters-r15				SPT-Parameters-r15				OPTIONAL
}

BandParameters-v1530 ::= 	SEQUENCE {
	ue-TxAntennaSelection-SRS-1T4R-r15				ENUMERATED {supported}	OPTIONAL,
	ue-TxAntennaSelection-SRS-2T4R-2Pairs-r15		ENUMERATED {supported}	OPTIONAL,
	ue-TxAntennaSelection-SRS-2T4R-3Pairs-r15		ENUMERATED {supported}	OPTIONAL,
	dl-1024QAM-r15									ENUMERATED {supported}	OPTIONAL,
	qcl-TypeC-Operation-r15							ENUMERATED {supported}	OPTIONAL,
	qcl-CRI-BasedCSI-Reporting-r15 					ENUMERATED {supported}	OPTIONAL,
	stti-SPT-BandParameters-r15 					STTI-SPT-BandParameters-r15	OPTIONAL
}

The reasons to introduce the signalling per BoBC are:
1) Express RF capability to achieve the receive EVM needed to meet the performance requirements for 1024QAM. For example, some bands at higher frequencies may not be able to support 1024QAM, and some bands in a given band combination may suffer from de-sensing due to interference from an uplink transmission (as a result of e.g. intermodulation products)
2) Express baseband capability in terms of demapping. Demapping a layer using 1024QAM is more computationally complex than lower order modulation and, therefore, the UE may not be able to perform this task in a large number of carriers simultaneously.
Reason 2) creates the same capability explosion as the one explained in [1]. For example, imagine the following scenario:
- UE supports 24 layers with 256QAM  Assume 6CC x 4 layers, this is the maximum capability of the UE at 256QAM
- The demapping of 1024QAM is 5/4 times more expensive than that of 256QAM.
- The UE, therefore, may support the following combinations:
1) 5CC x 4 layers @ 256QAM + 1 CC x 2 layers @ 1024QAM (5 x 4 + 1 x 2 x 1.25 => 22.5 layers)
2) 4CC x 4 layers @ 256QAM + 1CC x 4 layers @ 1024QAM + 1CC x 2 layers @ 1024QAM (4 x 4 + 1 x 4 x 1.25 + 1 x 2 x 1.25 =   23.5 layers
	- …
Just to indicate these two possibilities, the UE needs to reproduce the same band combination:
- All CC@256QAM: 1 combination
- Case 1): 6 combinations
- Case 2): 30 combinations
…
Thus, it is clear that signalling all the possible combinations is not feasible from a signalling perspective.
2 Proposed solution
The proposed solution is similar in spirit to that adopted in RAN1#96b for FD-MIMO capability signalling [1], with the addition of the “RF limitation” that applies to 1024QAM and that did not apply to FD-MIMO.
UE signals two extra 1024QAM capability parameters  and , where  stands for weight factor applied to 1024QAM enabled carriers/layers, and  stands for total number of MIMO layers across all carriers that UE can support. 
Therefore, a UE can support a total number of layers (added across CC) with 1024QAM and other modulation scheme if the following inequality is met:

Similar to the FD-MIMO case, the constraint should only apply for the cases where a UE is configured with 1024QAM (i.e., if no CC is configured with 1024QAM, the inequality is considered satisfied).
Proposal 1: Introduce the following additional capability signalling to existing one for support of 1024QAM in LTE:
	- In a band combination, the UE supports 1024QAM in a set of CC provided that:
1. The set of CC belong to bands that are indicated to support 1024QAM in that band combination, and
2. The following inequality is met: , where
a.  is the total number of layers across all configured CCs configured with 1024QAM
b.  is the total number of layers across all configured CCs not configured with 1024QAM
c.  and  are UE capabilities (per UE)
3. In case the UE does not report w’ and y’, legacy capability signalling applies (i.e., the inequality does not apply)
4. [bookmark: _GoBack]RAN2 to introduce a mechanism to ensure backwards compatibility considering both existing and new capability signalling

The proposal above covers the case of a UE operating with LTE CCs only. For the case of EN-DC, there is a split of processing between LTE and NR, and therefore the processing power used by NR should be also accounted for. Given that different EN-DC band combinations may correspond to different splits between LTE and NR, the “demapping” capability of LTE can be expressed as a “total number of layers” for the corresponding band combination.
Proposal 2: The value  is also signalled in EN-DC band combination. The details are up to RAN2.
Proposal 3: Endorse the following TP for TS 38.306
For EUTRA in case of MR-DC, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.
Data rate (in Mbps) = [image: cid:image001.png@01D50982.1DE987A0]
wherein
J is the number of aggregated EUTRA component carriers in MR-DC band combination
[image: cid:image002.png@01D50982.1DE987A0]is the total maximum number of DL-SCH transport block bits received within a 1ms TTI for j-th CC, as derived from TS36.213 [22] based on the UE supported maximum MIMO layers for the j-th carrier, and based on the modulation order according to UE capability signalling and number of PRBs based on the bandwidth of the j-th carrier.

3 Summary of proposals
Proposal 1: Introduce the following additional capability signalling to existing one for support of 1024QAM in LTE:
	- In a band combination, the UE supports 1024QAM in a set of CC provided that:
1. The set of CC belong to bands that are indicated to support 1024QAM in that band combination, and
2. The following inequality is met: , where
a.  is the total number of layers across all configured CCs configured with 1024QAM
b.  is the total number of layers across all configured CCs not configured with 1024QAM
c.  and  are UE capabilities (per UE)
3. In case the UE does not report w’ and y’, legacy capability signalling applies (i.e., the inequality does not apply)
4. RAN2 to introduce a mechanism to ensure backwards compatibility considering both existing and new capability signalling

Proposal 2: For EN-DC,  is signalled per band combination.Proposal 2: The value  is also signalled in EN-DC band combination. The details are up to RAN2.
Proposal 3: Endorse the following TP for TS 38.306

For EUTRA in case of MR-DC, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.
Data rate (in Mbps) = [image: cid:image001.png@01D50982.1DE987A0]
wherein
J is the number of aggregated EUTRA component carriers in MR-DC band combination
[image: cid:image002.png@01D50982.1DE987A0]is the total maximum number of DL-SCH transport block bits received within a 1ms TTI for j-th CC, as derived from TS36.213 [22] based on the UE supported maximum MIMO layers for the j-th carrier, and based on the modulation order according to UE capability signalling and number of PRBs based on the bandwidth of the j-th carrier.
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