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1 Introduction

The UE capability related to baseband functionality and MIMO layer was discussed in [1] for NR. In the meanwhile there were more discussions on the same topic in RAN2 with the agreements as following capture in [2] as the LS sent to RAN4.

Compared to the current LTE baseline, RAN2 agreed to extract the baseband capabilities from the supportedBandCombination structure and convey the supported baseband capabilities separately i.e. by a table indicating supported combinations of baseband utilising functionality. Thereby RAN2 intends to avoid signalling fallback BCs and duplicate BCs to indicate different combinations of baseband capabilities, which reduces the size of the signalled BC structure. 

Secondly, RAN2 agreed that an NR UE category (if defined) should not specify the number of MIMO layers nor the modulation scheme since those are anyway signalled as independent capabilities (like in LTE). Hence, a category would primarily define a data rate and possibly a soft buffer size (to be discussed by RAN1). 
RAN2 assumes that the supported band combinations together with the baseband capabilities (modulation scheme, MIMO layers, …) comprise all information necessary to calculate the maximum data rate achievable on each serving cell, in each cell group (e.g. LTE MCG, NR SCG) and per UE.
Q1: Do RAN1 and RAN4 agree that a peak data rate per-cell, per-cell-group and per-UE can be calculated based on the signalled band combinations and baseband capabilities and that an explicit UE category (for NR and NR-NR DC and MR-DC) is not needed if the UE supports a peak data rate at least equal to the calculated data rate?

Q2: Do RAN1 and RAN4 agree with the suggested handling of UE categories described above? 

In this contribution, we discuss the requested questions from RAN4 related to UE categories and further bring more specific solution for the UE capability reporting for the baseband functionality. 
2 UE category for NR

The existing LTE UE categories or DL categories are defined in the following table as an example with the number of layers, the modulation orders and the maximum bits from the maximum TBS. All of them can be represented or calculated by the baseband capability together with the supported bandwidth combination as RAN2 indicated from the LS in [2]. So it should be straightforward to answer the questions raised from RAN2 as following.
Q1: Do RAN1 and RAN4 agree that a peak data rate per-cell, per-cell-group and per-UE can be calculated based on the signalled band combinations and baseband capabilities and that an explicit UE category (for NR and NR-NR DC and MR-DC) is not needed if the UE supports a peak data rate at least equal to the calculated data rate?

[RAN4]: RAN4 agree that a peak data rate per-cell, per-cell-group and per-UE can be calculated based on the signalled band combinations and baseband capabilities and that an explicit UE category (for NR and NR-NR DC and MR-DC) is not needed if the UE supports a peak data rate at least equal to the calculated data rate.
Q2: Do RAN1 and RAN4 agree with the suggested handling of UE categories described above? 

[RAN4]: RAN4 agree with the suggested handling of UE categories described in the LS.

And RAN4 should send reply LS back with such answers captured. A draft reply is presented in [4].
Proposal 1: Send reply LS back to RAN2 with the above answers for the UE category.

Table 4.1-1: Downlink physical layer parameter values set by the field ue-Category
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note 1)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	Category 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2

	Category 3
	102048
	75376
	1237248
	2

	Category 4
	150752
	75376
	1827072
	2

	Category 5
	299552
	149776
	3667200
	4

	Category 6
	301504
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	3654144
	2 or 4

	Category 7
	301504
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	3654144
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8

	Category 9
	452256
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	5481216
	2 or 4

	Category 10
	452256
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	5481216
	2 or 4

	Category 11
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4

	Category 12
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4

	NOTE 1:
In carrier aggregation operation, the DL-SCH processing capability can be shared by the UE with that of MCH received from a serving cell. If the total eNB scheduling for DL-SCH and an MCH in one serving cell at a given TTI is larger than the defined processing capability, the prioritization between DL-SCH and MCH is left up to UE implementation.


3 UE capability for baseband functionality for NR
3.1 Summary from LTE signalling structure

It was captured in [3] for information as the observations and common understanding of LTE signalling structure as following for future improvement

· Observations

· For baseband feature capabilities such as NAICS, CSI-processing, etc., as long as it’s considered as sharing baseband processing capability together with MIMO layer, even if they are baseband capabilities they are reported in the same way as MIMO layer as per band combination manner.

· There is inconsistency of the existing baseband capabilities design, e.g. some capability such as hybridCSI-r14, semiOL-r14 are not linked with MIMO layer reported as per UE and some capability such as number of CSI-process, csi-ReportingNP-r14, csi-ReportingAdvanced-r14 are linked with MIMO layer reported as per band combination.
· From RAN4 point of view it should be feasible to

· Split the existing supported MIMO layer capability into RF band part and baseband part capability separately.
· Report the supported MIMO layer RF capability as a maximum supported MIMO layer per band.
· Report the baseband features in a combined way with all related supported baseband features including CA (CA bandwidth combination and number of CCs) and MIMO layer baseband capability etc. as per UE. 
Furthrmore there are more considerations from UE baseband capability discussed for LTE system

· All baseband features listed as following should be considered as sharing the same baseband processing resource pool so the baseband capability design should be considered in an joint manner.

· MIMO layer, NAICS, MUST, number of CSI-processing, FD-MIMO, TM10, 4Rx, 256QAM, advanced receivers such as CRS-IC, MMSE-IRC, R-ML, etc.

· The above baseband features should be considered together with the number of CCs and the aggregated bandwidths from CA.

· Different combinations of supporting different baseband features together with the number of CCs and aggregated bandwidths should be allowed.

· The exact signaling design on how to report the joint baseband capability per UE should be up to RAN2 to decide.

· Similar methodology of reporting baseband capability could be taken as a good reference for NR in case we could reach agreement for LTE.

3.2 Proposal for NR UE capability reporting based on LTE

From the above summary of LTE signalling an overall baseband capability signalling structure is necessary for NR which is separated from CA band combination, which is also confirmed from the RAN2 LS in [2]. 
Then the concept of separated MIMO capability on RF and BB side should be better understood that the baseband part of the MIMO layer capability is completely separated from the maximum MIMO layer capability supported by the RF side.

Observation 1: An overall baseband capability signalling structure is necessary for NR which is separated from CA band combination. Otherwise by reusing the same approach as LTE it means for each CA band combination the same/similar type of baseband capability set will be reported separately even if only for limited supported CA band combination by the UE side.

Observation 2: Then the concept of separated MIMO capability on RF and BB side should be better understood that the baseband part of the MIMO layer capability is completely separated from the maximum MIMO layer capability supported by the RF side.

Proposal 2: NR should consider a general solution with more efficient UE capability structure than LTE, regardless if there is any optimization could be managed in LTE timeframe.

· Split the existing supported MIMO layer capability into RF band part and baseband part capability separately.
· Report the supported MIMO layer RF capability as a maximum supported MIMO layer per band.
· Report the baseband features in a combined way with all related supported baseband features including CA/DC (CA/DC bandwidth combination and number of CCs) and MIMO layer baseband capability etc. as per UE. 
Then for the baseband feature the goal is to report per UE as an improvement compared to the per CA band combination/CA class reporting as the legacy way. At least the following baseband features by taking the existing LTE features as examples can be considered jointly reported.
· Baseband feature capability to be considered jointly
· Total supported MIMO layer from baseband (can be reported with multiple entries depending on the MIMO layer supported for number of intra-band contigious CCs and the aggregated bandwidth)
· Aggregated bandwidth
· Number of CCs
· Supported MIMO layer for the number of intra-band CCs with aggregated bandwidth
· TM10 CSI process capability
· NAICS capability
· FD-MIMO capability
· eFD-MIMO capability
· MUST capability
· The other BB receiver capability TBD
The supported MIMO layer for the number of intra-band CCs with aggregated bandwidth is with the intention to solve the problem discussed in [5] as the example listed below. So depending on the UE RF structure the supported total MIMO layer may differ for different band combination in case there is intra-band contigious CA is supported from UE side.
· Counterexample
· UE supports CA_3A_41C
· UE has 6 Rx chain
· UE can support 4 layer MIMO on 2 CC when 2 CC CA is configured
	# of CCs
	Band
	# Rx on band 3
	# Rx on band 41
	# 4 layer CC

	1
	3A
	4
	N/A
	1

	1
	41A
	N/A
	4
	1

	2
	3A+41A
	2
	4
	1

	2
	3A+41A
	4
	2
	1

	2
	41C
	N/A
	4
	2

	3
	3A+41C
	4
	2
	0

	3
	3A+41C
	2
	4
	0


Proposal 3: Consider the following baseband features to be reported jointly by taking LTE features as example for NR UE capability reporting.

· Baseband feature capability to be considered jointly

· Total supported MIMO layer from baseband (can be reported with multiple entries depending on the MIMO layer supported for number of intra-band contigious CCs and the aggregated bandwidth)
· Aggregated bandwidth
· Number of CCs
· Supported MIMO layer for the number of intra-band CCs with aggregated bandwidth

· TM10 CSI process capability
· NAICS capability
· FD-MIMO capability
· eFD-MIMO capability
· MUST capability
· The other BB receiver capability TBD

Proposal 4: Besides the total supported MIMO layer with aggregated bandwidth and the number of CC, the supported MIMO layer with aggregated bandwidth and the number of CCs for intra-band contigious CCs will be reported seperatedly, to accommodate the different UE RF receiver designs. Multiple entries are allowed for different receiver structure.
For different frequency ranges NR has defined very different features, e.g. different maximum bandwidth support, different subcarrier spacing for <6GHz and mm-wave and based on different features it’s hard to restrict the UE implementation both from HW and SW to have common RF IC or BB IC to support both frequency ranges so it’s important to also consider separated UE capability report for different frequency ranges if it doesn’t come naturally by the signalling design itself.
Proposal 5: Consider separated UE capability report for different frequency ranges (<6GHz and >6GHz) if it doesn’t come naturally by the signalling design itself.
As discussed for LTE session it’s both RAN2’s and RAN4’s responsibility to contribute to the UE capability design so it’s important to bring RAN4’s consideration on such signalling design to RAN2. The actual ASN.1 design could be left to RAN2 to decide. Some examples of how the signalling structure could be considered as reporting or cost function.

Proposal 6: Bring RAN4’s consideration on signalling design to RAN2 but actual ASN.1 design could be left to RAN2 to decide.

4 Conclusions

In this contribution, we provide our views on the UE categories and UE capabilities for NR with observations and proposals as the following.

Observation 1: An overall baseband capability signalling structure is necessary for NR which is separated from CA band combination. Otherwise by reusing the same approach as LTE it means for each CA band combination the same/similar type of baseband capability set will be reported separately even if only for limited supported CA band combination by the UE side.

Observation 2: Then the concept of separated MIMO capability on RF and BB side should be better understood that the baseband part of the MIMO layer capability is completely separated from the maximum MIMO layer capability supported by the RF side.

Q1: Do RAN1 and RAN4 agree that a peak data rate per-cell, per-cell-group and per-UE can be calculated based on the signalled band combinations and baseband capabilities and that an explicit UE category (for NR and NR-NR DC and MR-DC) is not needed if the UE supports a peak data rate at least equal to the calculated data rate?

[RAN4]: RAN4 agree that a peak data rate per-cell, per-cell-group and per-UE can be calculated based on the signalled band combinations and baseband capabilities and that an explicit UE category (for NR and NR-NR DC and MR-DC) is not needed if the UE supports a peak data rate at least equal to the calculated data rate.
Q2: Do RAN1 and RAN4 agree with the suggested handling of UE categories described above? 

[RAN4]: RAN4 agree with the suggested handling of UE categories described in the LS.

And RAN4 should send reply LS back with such answers captured. A draft reply is presented in [4].

Proposal 1: Send reply LS back to RAN2 with the above answers for the UE category.

Proposal 2: NR should consider a general solution with more efficient UE capability structure than LTE, regardless if there is any optimization could be managed in LTE timeframe.

· Split the existing supported MIMO layer capability into RF band part and baseband part capability separately.
· Report the supported MIMO layer RF capability as a maximum supported MIMO layer per band.
· Report the baseband features in a combined way with all related supported baseband features including CA/DC (CA/DC bandwidth combination and number of CCs) and MIMO layer baseband capability etc. as per UE. 
Proposal 3: Consider the following baseband features to be reported jointly by taking LTE features as example for NR UE capability reporting.

· Baseband feature capability to be considered jointly

· Total supported MIMO layer from baseband (can be reported with multiple entries depending on the MIMO layer supported for number of intra-band contigious CCs and the aggregated bandwidth)
· Aggregated bandwidth
· Number of CCs
· Supported MIMO layer for the number of intra-band CCs with aggregated bandwidth

· TM10 CSI process capability
· NAICS capability
· FD-MIMO capability
· eFD-MIMO capability
· MUST capability
· The other BB receiver capability TBD

Proposal 4: Besides the total supported MIMO layer with aggregated bandwidth and the number of CC, the supported MIMO layer with aggregated bandwidth and the number of CCs for intra-band contigious CCs will be reported seperatedly, to accommodate the different UE RF receiver designs. Multiple entries are allowed for different receiver structure.
Proposal 5: Consider separated UE capability report for different frequency ranges (<6GHz and >6GHz) if it doesn’t come naturally by the signalling design itself.

Proposal 6: Bring RAN4’s consideration on signalling design to RAN2 but actual ASN.1 design could be left to RAN2 to decide.
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