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1. Introduction

In the previous meetings RAN4 had initial discussions on the UE baseband capabilities signalling for NR. In this contribution we share our further views on the selected aspects related to UE baseband capabilities signalling for NR.
2. Discussion

2.1 NR UE baseband capabilities

Below we provide views on the selected factors, which may drive the NR UE baseband implementation complexity and should be considered for UE capabilities signalling:

Support of multiple numerologies
NR UE is supposed to support 15/30/60 kHz SCS for FR1 and 60/120/240 kHz for FR2. In general, UE might be capable support different SCS. Meantime, UE baseband processing complexity for the particular carrier depends on the supported channel bandwidth and subcarrier spacing. The numerology determines the FFT size and has direct impact on the associated L1 memory buffer size. In case of CA operation UE may be required to support different combinations of SCS for different CCs. Depending on the particular CA band combination and supported SCS the required memory may vary. It is expected that UE memory buffer is designed under certain SCS assumptions and UE may not support all SCS combinations (i.e. UE can support certain aggregated CBW with one SCS but may not support the same amount of CCs with another SCS). In order to allow sufficient UE implementation flexibility it is recommended to allow UE to signal the supported SCS along with CBW with per CC granularity as a part of baseband processing capabilities (BPC) signalling. Alternatively, the support of SCS can be signalled with per band per band combination (per-BoBC) granularity taking into account that SCS support is FR dependent.
In addition, in accordance to the previous RAN4 agreements SCS signalling should be allowed to be indicated on a per CC basis in BPC to allow peak data rate calculation: “RAN4 also thinks that the peak data rate could be determined by a set of L1 parameters such as modulation order, number of MIMO layers, supported numerology and channel BW if it’s calculated as per-cell, per-cell-group and per-UE. The UE capability signalling structure should allow UE to provide the respective information.” [R4-1709887]
Proposal #1:
Introduce per-CC signalling of the SCS in the BPC
Support of mixed numerologies simultaneous operation
Based on previous agreements the support of FDM reception of data channels with different numerologies is up to UE capabilities (i.e. support of multiple numerologies is not mandated). The main reason is that simultaneous TX/RX of signal with different numerologies may have impact on the RF design, require multi-FFT processing and can be one of the factors to drive UE implementation complexity including number of operations and memory buffer size. At current stage it is assumed that UE should be capable to support a single BWP in Rel-15 and, hence, there is no need for single carrier mixed numerologies capabilities. Respective capabilities could be considered in the future if such functionality is introduced.
Meantime, the scenarios with the support of different numerologies FDM TX/RX for CA scenarios are possible. In general case, UE should be capable to support simultaneous operation for different FRs and for inter-band CA scenarios (taking into account the baseband constraints described above). Meantime, for the intra-band CA scenarios support of multiple numerologies may be problematic from both RF and baseband perspectives (similar to single carrier scenarios). To simplify UE implementations and the signalling framework it is recommended that mixed numerologies simultaneous FDM operation (Data/Data) shall not be supported for intra-band CA scenarios in Rel-15. Furthermore, the capabilities signalling should allow UE to indicate capabilities to support simultaneous multi SCS TX or RX on a per-BoBC basis. In particular, UE might indicate the supported SCS with per-BoBC granularity.
In addition, support of mixed numerologies reception for Data and Sync signals was agreed to be not mandated. In case multiple numerologies support will be introduced, the respective capability should be introduced and can be considered as a part of BPC. The signalling details shall be further discussed. 
Proposal #2:
Mixed numerologies simultaneous FDM operation (Data/Data) not supported for intra-band CA scenarios in Rel-15. 

UE Capabilities signalling should allow UE to indicate capabilities to support simultaneous multi SCS TX or RX with per-BoBC granularity
Channel BW

In the previous meeting RAN4 agreed that UE baseband processing complexity depends on the BW per each supported CC. Based on the recent RAN2 discussion the BPC may include either explicit per-CC BW indication or BWC (bandwidth class) indication. At the same time, based on the RAN4 discussions in the last meeting the BWC may not have fine granularity, which may cause issues in terms of the UE BB capabilities flexibility. Hence, to allow sufficient BB capabilities flexibility, an explicit per-CC BW values signalling should be included into the BPC.
Proposal #3:
Introduce per-CC signalling of the CC CBW in the BPC

Supported UE modulations
In accordance to the recent RAN1 discussion on the feature list [1], RAN4 is supposed to decide whether “64QAM for PDSCH”, “64QAM for PUSCH”, “256QAM for PDSCH” and “256QAM for PUSCH” shall be defined as per band or per UE. Assuming that the TX/RX EVM depends on the RF carrier frequency it is recommended that the support of 64QAM and 256QAM is defined with per-band manner. In addition, as shown in the companion paper [2] 256QAM support for the FR2 does not provide performance benefits due to RF impairments constraints. Hence, for Rel-15 no 256QAM capabilities shall be defined for FR2.
In addition, in accordance to the previous RAN4 agreements similar to SCS, the modulation signalling should be allowed to be indicated on a per CC in BPC basis to allow peak data rate calculation: “RAN4 also thinks that the peak data rate could be determined by a set of L1 parameters such as modulation order, number of MIMO layers, supported numerology and channel BW if it’s calculated as per-cell, per-cell-group and per-UE. The UE capability signalling structure should allow UE to provide the respective information.” [R4-1709887]

Proposal #4:
FR1: Define 64QAM and 256QAM PUSCH and PDSCH UE capabilities with per band signalling granularity. 

FR2: Define 64QAM PUSCH and PDSCH UE capabilities with per band signalling granularity. Do not support 256QAM capabilities.


UE capabilities signalling shall allow modulation order signalling on the per-CC basis in BPC.

2.2 LTE baseband capabilities
In accordance to RAN2 agreements “The concept of baseband capability combination is applied at least for the LTE part of MR-DC.” Therefore, for the EN-DC case the baseband processing capabilities concept will be extended for the LTE RAT. Hence, it is actually important to identify the list of LTE features to be pulled into the BPC signalling part.
First of all, we note that similar to NR, for LTE at least number of supported CCs, BW per each supported CC and number of MIMO layers per each CC have impact on the UE baseband complexity and should be considered as a part of baseband capabilities signalling:

Proposal #5:
Confirm that at least the following factors impact the LTE UE baseband complexity and should be a part of LTE baseband processing capabilities signalling:

· Number of supported CCs
· BW per each supported CC

· Number of MIMO layers per each CC

Also, for BPC UE should be able to support different combinations of the BB UE capabilities and capability signalling should allow UE to provide to eNB/gNB information on the support of different sets of BB capabilities depending on the parameters above.

The list of the LTE BB features which should be included into the BPC needs further discussion. We see the following candidate capabilities to be considered for LTE BPC:
· Rel-11 TM10: Previously, RAN4 confirmed that TM10 capabilities (supportedCSI-Proc-r11) are baseband capabilities and not RF capabilities [R4-1708730]. So, no further actions are needed and RAN2 already has information.
· Rel-12 NAICS: NAICS capability is a pure baseband capability. Meantime, the existing NAICS capabilities signalling framework is a bit different from simple per band per CA band combination signalling and it should be further discussed how such capability could be moved to the BPC.
· Rel-13 FD-MIMO: Previously, RAN4 confirmed that FD-MIMO features nonPrecoded-r13, beamformed-r13, dmrs-Enhancements-r13 are also baseband capabilities and not RF capabilities [R4-1708730] (no further actions are needed and RAN2 already has information.)
· Rel-14 E-FD-MIMO: RAN4 also confirmed that E-FD-MIMO csi-ReportingNP-r14, csi-ReportingAdvanced-r14, hybridCSI-r14, semiOL-r14 features are also baseband capabilities and not RF capabilities [R4-1708730] (no further actions are needed and RAN2 already has information.)
· Rel-14 MUST: RAN4 agreed that MUST capabilities shall be signaled with per band per CA band combination granularity (R4-1708704). Meantime, companies admitted that these are baseband capabilities. Hence, MUST capabilities can be pulled to the BPC.
· Rel-15 sTTI: Similar discussion took place for sTTI features in the RAN4 #84bis and such features could be the other candidate to be added to the BPC.

Proposal #6:
Further discuss if the following LTE features shall be a part of LTE BPC: NAICS, MUST, sTTI.
3. Conclusions

In this contribution we share our further views on the NR/LTE baseband capabilities. In summary, we make the following proposals:
Proposal #1:
Introduce per-CC signalling of the SCS in the BPC

Proposal #2:
Mixed numerologies simultaneous FDM operation (Data/Data) not supported for intra-band CA scenarios in Rel-15. 

UE Capabilities signalling should allow UE to indicate capabilities to support simultaneous multi SCS TX or RX with per-BoBC granularity
Proposal #3:
Introduce per-CC signalling of the CC CBW in the BPC

Proposal #4:
FR1: Define 64QAM and 256QAM PUSCH and PDSCH UE capabilities with per band signalling granularity. 


FR2: Define 64QAM PUSCH and PDSCH UE capabilities with per band signalling granularity. Do not support 256QAM capabilities.


UE capabilities signalling shall allow modulation order signalling on the per-CC basis in BPC.

Proposal #5:
Confirm that at least the following factors impact the LTE UE baseband complexity and should be a part of LTE baseband processing capabilities signalling:

· Number of supported CCs
· BW per each supported CC

· Number of MIMO layers per each CC

Proposal #6:
Further discuss if the following LTE features shall be a part of LTE BPC: NAICS, MUST, sTTI.
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