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1 Introduction

This document presents the summary of email discussion/approval [107-e-R17-UE-features-1024QAM-01] during RAN1 #107-e. According to the Chairman’s Notes:
	[107-e-R17-UE-features-1024QAM-01] Email discussion UE features for DL 1024QAM for NR FR1 – Ralf (AT&T)
· 1st check point: November 15
· Final check point: November 19


The following was discussed and/or agreed during RAN1 #107-e within the scope of [107-e-R17-UE-features-1024QAM-01]. All proposals are based on the latest RAN1 UE features list for Rel-17 NR in [1].
2 Summary of Contributions Submitted to RAN1 #107-e
The following is the moderator’s summary of contributions submitted to RAN1 #107-e in this agenda item.
	 36. NR_DL1024QAM_FR1
	36-1
	1024QAM for PDSCH for FR1
	Support 1024QAM for PDSCH for FR1 including 1024QAM modulation scheme as defined in TS 38.211, MCS and CQI feedback tables based on 1024QAM modulation order as defined in TS 38.214.


	[pdsch-256QAM-FR1]
	Yes
	N/A
	No support of 1024 QAM for PDSCH
	[Per Band/per FSPC]
	N/A
	Applicable only to FR1
	N/A
	Note from WI objective: DL PDSCH 1024QAM for FR1 should be defined as a per-band UE capability
	Optional with capability signalling


	Company
	Summary

	Huawei/HiSilicon [2]
	The pre-requisite feature groups for 1024-QAM should be pdsch-256QAM-FR1 instead of 1-4, as there are different “1-4” in different sections in 38.822: In section 4.1 of layer 1 UE features, it’s the CSI-RS based RRM measurement with associated SS-block. In section 4.2, it’s “Out of order delivery”. And in section 4.3, which is more related with 1024-QAM feature, there are two fields names for 256-QAM, one for FR1 and the other for FR2. Therefore, to be clear, the requisite feature groups should be “pdsch-256QAM-FR1” or simply a plain description as “256QAM for PDSCH for FR1”.

In addition, the prerequisite feature groups for other feature groups of 1024-QAM should be the basic feature (36-1).

Proposal: The prerequisite feature groups for FG 36-1 should be pdsch-256QAM-FR1, and the prerequisite feature groups for other feature groups of 1024-QAM should be the basic feature, i.e. FG 36-1

For the type of feature groups, as it has been clearly stated in the WID that the capability for 1024-QAM is a per-band capability, it should be Per Band.

Proposal: The feature groups for 1024-QAM are per band capabilities
 36. NR_DL1024QAM_FR1

36-1

1024QAM for PDSCH for FR1
Support 1024QAM for PDSCH for FR1 including 1024QAM modulation scheme as defined in TS 38.211, MCS and CQI feedback tables based on 1024QAM modulation order as defined in TS 38.214.

1-4 [pdsch-256QAM-FR1]

Yes

N/A

No support of 1024 QAM for PDSCH

Per Band
N/A

No Applicable only to FR1

N/A

Note from WI objective: DL PDSCH 1024QAM for FR1 should be defined as a per-band UE capability

Optional with capability signalling



	Nokia/Nokia Shanghai Bell [3]
	o
pdsch-256QAM-FR1 as pre-requisite

o
Per Band indication

	Samsung [3]
	 36. NR_DL1024QAM_FR1

36-1

1024QAM for PDSCH for FR1
Support 1024QAM for PDSCH for FR1 including 1024QAM modulation scheme as defined in TS 38.211, MCS and CQI feedback tables based on 1024QAM modulation order as defined in TS 38.214.
1-4 [pdsch-256QAM-FR1]

( 1-4 of 4.3(RF and RRM features) is preferred
Yes
N/A
No support of 1024 QAM for PDSCH
[Per Band/per FSPC] ( Per Band is preferred
N/A
No Applicable only to FR1
N/A
Note from WI objective: DL PDSCH 1024QAM for FR1 should be defined as a per-band UE capability

Optional with capability signalling


	Ericsson [5]
	According to the WID objective, the support of 1024-QAM should be defined as per-band UE capability. We are not in favor of introducing a per-FSPC indication of 1024QAM support as it is not aligned with the WI objective, and it also causes significantly large increase in capability signaling due to per-CC per band combination indication signaling.
 36. NR_DL1024QAM_FR1

36-1

1024QAM for PDSCH for FR1
Support 1024QAM for PDSCH for FR1 including 1024QAM modulation scheme as defined in TS 38.211, MCS and CQI feedback tables based on 1024QAM modulation order as defined in TS 38.214.

 pdsch-256QAM-FR1
Yes
N/A

No support of 1024 QAM for PDSCH

Per Band
N/A

No Applicable only to FR1

N/A

Note from WI objective: DL PDSCH 1024QAM for FR1 should be defined as a per-band UE capability

Optional with capability signalling


	Qualcomm Incorporated [6]
	There is a serious issue from UE implementation perspective for the reporting of FG 36-1 per-band. It is well knowns that there are some limitations related to UE envelope of demod processing and buffering when one or more CCs in CA scenario is configured with 1024-QAM. This issue was not discussed when WID was written, so this should issue should be handled as part of 1024-QAM UE feature discussion. To resolve this issue, we suggest one of the two solutions. In our views, option 1 is preferred as it reduces the reporting overhead.

Option 1: FG 36-1 is per reported per FSPC 

Option 2: Introduce FG 36-3 supportedModulationOrderDL-r17 per FSPC. 

Proposal: For FG 36-1 on the support of 1024QAM for PDSCH, support the following updates/modifications are recommended as shown in Table

•
Per FSPC

•
pdsch-256QAM-FR1 as prerequisite
 36. NR_DL1024QAM_FR1

36-1

1024QAM for PDSCH for FR1
Support 1024QAM for PDSCH for FR1 including 1024QAM modulation scheme as defined in TS 38.211, MCS and CQI feedback tables based on 1024QAM modulation order as defined in TS 38.214.

[pdsch-256QAM-FR1]
Yes

N/A

No support of 1024 QAM for PDSCH

per FSPC
N/A

Applicable only to FR1

N/A

Note from WI objective: DL PDSCH 1024QAM for FR1 should be defined as a per-band UE capability

Optional with capability signalling



	ZTE/Sanechips [7]
	According the objective in the WID, it is clear that the capability of supporting DL 1024QAM for FR1 should be per band, instead of per FSPC.

· Specify corresponding RRC signalling and UE capabilities
· Note: DL PDSCH 1024QAM for FR1 should be defined as a per-band UE capability

Proposal: The capability of supporting DL 1024QAM for FR1 should be per band.
Moreover, it needs to be clarified that the prerequisite for DL 1024QAM is pdsch-256QAM-FR1.


	36. NR_DL1024QAM_FR1
	[36-2]
	[scalingFactor for 1024QAM]
	[Indicates the scaling factor to be applied to the band in the max data rate calculation as defined in 4.1.2 when support of 1024-QAM is signalled for the band]

	
	
	
	
	
	
	
	
	Supported values 

[0.4, 0.75, 0.8, 1.0]
	Optional with capability signaling


	Company
	Summary

	Huawei/HiSilicon [2]
	36. NR_DL1024QAM_FR1
36-2
scalingFactor for 1024QAM
Indicates the scaling factor to be applied to the band in the max data rate calculation as defined in 4.1.2 when support of 1024-QAM is signalled for the band.
36-1
Yes
N/A
Per Band
N/A
Applicable only to FR1
N/A
Supported values 

[0.4, 0.75, 0.8, 1.0]
Optional with capability signaling


	Nokia/Nokia Shanghai Bell [3]
	Confirm the FG, details to be discussed further

	Samsung [3]
	36. NR_DL1024QAM_FR1
[36-2] ( For 36-2, we are generally fine to have the feature. However, it should be further discussed together with existing UE feature [supportedModulationOrderDL] by adding 1024QAM condition
[scalingFactor for 1024QAM] ( prefer to remove bracket
[Indicates the scaling factor to be applied to the band in the max data rate calculation as defined in 4.1.2 when support of 1024-QAM is signalled for the band. ]

( remove bracket
36-1

Yes

N/A

Per Band

N/A
Applicable only to FR1

N/A

Supported values 

[0.4, 0.75, 0.8, 1.0] ( prefer to remove bracket
Optional with capability signaling ( should be confirmed


	Ericsson [5]
	If Rel-17 UE reports these parameters assuming the maximum modulation order of 1024-QAM, then if UE connects to a legacy network, there might be unnecessary reduction in peak rate, e.g. if UE indicates scaling factor of 0.75 with max 1024-QAM, but legacy NW interprets it as scaling factor 0.75 with max 256-QAM. 

The motivations for scalingFactor from Rel-15/16 are still applicable and hence scaling factors for 1024-QAM with same value range can be supported.

The supportedModulationOrderDL signaling from the UE leads to extremely low data rates that do not seem useful with 1024-QAM, for example, (e.g. when supportedModulationOrderDL = pi/2-BPSK, scalingFactor = 0.4). Therefore, there is no strong need to introduce a new capability supportedModulationOrderDL for 1024-QAM and the scaling factor is sufficient. However, supportedModulationOrderDL needs to be defined for data rate calculation when UE reports 1024-QAM support. For this out of below two options, we prefer Option 1. 

Option 1 : Define supportedModulationDL = 1024QAM when UE indicates 1024QAM support for a band. 

Option 2 : Update the field description for existing capability supportedModulationOrderDL as shown below. 

supportedModulationOrderDL

Indicates the maximum supported modulation order to be applied for downlink in the carrier in the max data rate calculation as defined in 4.1.2. If included, the network may use a modulation order on this serving cell which is higher than the value indicated in this field as long as UE supports the modulation of higher value for downlink. If not included:

-
for FR1, the network uses the modulation order signalled per band i.e. [pdsch-1024QAM-FR1] if [pdsch-1024QAM-FR1] is signalled for the band , otherwise the network uses the modulation order signalled in pdsch-256QAM-FR1.

-
for FR2, the network uses the modulation order signalled per band i.e. pdsch-256QAM-FR2 if signalled. If not signalled in a given band, the network shall use the modulation order 64QAM.

In all the cases, it shall be ensured that the data rate does not exceed the max data rate (DataRate) and max data rate per CC (DataRateCC) according to TS 38.214 [12].

FSPC

No

N/A
N/A
Regarding introducing a new capability for supportedModulationOrderDL-r17 for 1024QAM (especially as per FSPC), we are not supportive of adding such a capability since its main purpose (as explained above) is just for data rate indication without provide significant benefit to the UE since UE still has to support 1024-QAM based PDSCH demodulation for each carrier perhaps with a lower data rate, and the scaling factor is enough for such purpose already. Moreover per-FSPC signaling of this leads large signaling overhead.

36. NR_DL1024QAM_FR1
36-2
scalingFactor for 1024QAM
Indicates the scaling factor to be applied to the band in the max data rate calculation as defined in 4.1.2 when support of 1024-QAM is signalled for the band. 
Supported values 

[0.4, 0.75, 0.8, 1.0]
Optional with capability signaling


	Qualcomm Incorporated [6]
	Support the addition of FG 36-2
36. NR_DL1024QAM_FR1
[36-2]
[scalingFactor for 1024QAM]
[Indicates the scaling factor to be applied to the band in the max data rate calculation as defined in 4.1.2 when support of 1024-QAM is signalled for the band]
Optional with capability signalling


	ZTE/Sanechips [7]
	For the calculation of maximum data rate, a scaling factor was introduced depending on UE capability. For DL transmission modulated by 1024QAM, the legacy UE capability about scaling factor can be reused.

Proposal: The legacy capability of scaling factor for maximum data rate can be reused for DL 1024QAM.


3 Discussion/Approval Items during RAN1 #107-e 

After review of contributions submitted to RAN1 #107-e in this agenda item, the following topics were identified by the moderator for discussion/approval during RAN1 #107-e. Companies submitted the following views on the moderator’s proposals. 
	Company
	Comments/Questions/Suggestions

	
	


3.1 Issue 1: FG 36-1
All but one company prefer “pdsch-256QAM-FR1” as prerequisite. All but one company prefer per band signalling. Consequently, the following is proposed:
Proposal 1: Adopt the following changes highlighted in red
	36. NR_DL1024QAM_FR1
	36-1
	1024QAM for PDSCH for FR1
	Support 1024QAM for PDSCH for FR1 including 1024QAM modulation scheme as defined in TS 38.211, MCS and CQI feedback tables based on 1024QAM modulation order as defined in TS 38.214.


	[pdsch-256QAM-FR1]
	Yes
	N/A
	No support of 1024 QAM for PDSCH
	[Per Band/per FSPC]
	N/A
	Applicable only to FR1
	N/A
	Note from WI objective: DL PDSCH 1024QAM for FR1 should be defined as a per-band UE capability
	Optional with capability signalling


	Company
	Comments/Questions/Suggestions

	ZTE, Sanechips
	Support. This feature should be per-band according to the WID.

	QC
	We raised our concerns related to UE peak envelope buffering and demod processing for 1024-QAM for DL-CA. We didn’t hear any answer from the per-band proponent how this issue can be resolved. If infra-vendor and operators want to make it a useful feature, this reporting type should be resolved. Otherwise, it is another paper design that product team may not support. Until we hear reasonable justifications/answers to our concern, we want to make it FSPC. 

	NTT DOCOMO
	We support FL proposal 1. The concern on reporting type for this FG may be solved by 36-2 scaling factor FG with per-FS type as in current spec.

	Huawei, HiSilicon
	We support the proposal.

	Samsung
	We support the proposal. 


3.2 Issue 2: FG 36-2
The majority of companies prefers to confirm FG 36-2.
Proposal 2: Adopt the following changes highlighted in red and remove the yellow background as shown 
	36. NR_DL1024QAM_FR1
	[36-2]
	[scalingFactor for 1024QAM]
	[Indicates the scaling factor to be applied to the band in the max data rate calculation as defined in 4.1.2 when support of 1024-QAM is signalled for the band]
	36-1
	Yes
	N/A
	
	Per band
	N/A
	Applicable only to FR1
	N/A
	Supported Candidate component values: 

[{0.4, 0.75, 0.8, 1.0}]
	Optional with capability signalling


	Company
	Comments/Questions/Suggestions

	ZTE, Sanechips
	We are okay to consider this new feature if proponents clarify why the legacy capability signaling does not work in this case.

	QC
	We are fine with this FG 26-2. However, we have two comments:

· Why per-band reporting type? This makes it more challenging for us to consider that FG. Release 15 scaling factor is per FS. So, we should follow at least the same principle
· The candidate component values can be agreed after we settle on the reporting type for FG 36-1. 
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Indicates the scaling factor to be applied to the band in the max data rate
calculation as defined in 4.1.2. Value fop4 indicates the scaling factor 0.4, 0p75
indicates 0.75, and so on. If absent, the scaling factor 1 is applied to the band in the
max data rate calculation.

FS

NA

NA






	NTT DOCOMO
	We are fine to have this FG separately from the legacy scaling factor. It can be per-FS as in the legacy one.

	Huawei, HiSilicon
	We are fine with this proposal.

	Samsung
	We are fine either this proposal or can be FS if this can address UE implementation issue raised by Qualcomm.


4 Conclusion

After further discussion on the RAN1 email reflector the following was agreed as part of this email discussion:
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