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1. Introduction

During the 3GPP RAN2#99 meeting in Berlin, the following working assumption was made regarding the modelling of the NR UE capability signalling. More specifically, RAN2 will define a NR UE capability signalling architecture wherein the UE baseband processing capabilities are decoupled from the UE band combination structure. It is claimed that this will help reduce the overall size of the UE capability signalling to the network. A LS to RAN4 was agreed in [1].
Agreements

1
RAN2 will define a solution based where the baseband capabilities are extracted from the BC structure and convey the baseband capabilities in a separate table. We intend to avoid providing fallback combinations and duplication of combinations.

In a related discussion (relating to peak data rate across LTE and NR), RAN2 also assumed that a network node can calculate a UE peak data rate based on the UE band combination and baseband capabilities. A LS to RAN4 was agreed in [2].
Agreements

-
In NR, the number of supported MIMO layers is signalled as explicit UE capability and not part of a UE category.

-
In NR, the modulation schemes are signalled as explicit UE capability and not part of a UE category.

-
RAN2 assumes that the UE’s 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 and per UE.

-
If RAN1 and RAN4 agree with that assumption, RAN2 intends to apply the following: 

-
“A non-DC UE supporting a peak data rate that is lower than the data rate achievable according to the above-mentioned parameters indicates this by a per-UE category (data rate). 

-
However, a UE supporting dual connectivity (MR-DC, NR-NR DC) shall not advertise a category (data rate) that is lower than the highest data rate achievable according to any of the DC band combinations (to avoid the need for inter-node negotiation of the data rate split).”

In this contribution, we further discuss details pertaining to the above discussions.
2. NR UE capability signalling model
There are 2 aspects here; 

Part one: representing the baseband capability isolated away from the band combination signalling
Part two: representing the linkage between the baseband capability and the band combination signalling, so as to enable the network node to calculate a peak data rate for a given combination
2.1 Organizing the baseband processing capabilities
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Figure 2.1-1: Examples of organizing baseband processing capabilities

RAN2 discussed at least 2 potential ways of organizing the baseband processing capabilities as shown in Figure 2.1-1.

Example 1: The capabilities are organized (or indexed) per CC into an array where each element of the array is a structure listing the number of CC, number of MIMO layers per CC, BW of each CC and some information allowing to indicate exceptions. Although this is not explicitly shown, other baseband features e.g. number of CSI processes per CC, support of NAICS etc. may also be indicated.

Example 2: The capabilities are organized with the array comprising a set of entries wherein each element of the array is a structure listing the feature ability per CC and a total maximum value.
Even though this was not discussed explicitly in RAN2, the organization in both the examples could be further grouped into capabilities for low, medium and high bands (baseband processing capabilities will be different for below and above 6 GHz and above 6 GHz may further be classified into a mid and high band).

Proposal 1: RAN4 to discuss the approach of organization of baseband processing capabilities decoupled from the band combination signalling.
2.2 Calculating a peak data rate (UE category handling)
RAN2 discussed the UE capabilities and UE categories for NR, NR-NR DC and MR-DC. 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 for the network to calculate the maximum data rate achievable on each serving cell, in each cell group (e.g. LTE MCG, NR SCG) and per UE. An explicit UE category would be necessary only if UEs should be enabled to indicate a data rate that is lower than the data rate achievable calculated based on the aforementioned parameters.
The following Figure 2.1-2 shows an example to clarify the above discussion.
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Figure 2.1-2: Arriving at the peak data rate using a given combination of band combination and baseband processing capability

Proposal 2: RAN4 to discuss further the approach of how the peak data rate per-cell, per-cell-group and per-UE can be calculated based on the signalled band combinations and baseband capabilities.

3. Extending to LTE-NR DC (MR-DC)
Based on the approach suggested in Section 2, the LTE/NR DC may reuse the same framework. This is illustrated in the following Figure.
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 Figure 3-1: Reusing the approach in section 2 to LTE-NR DC capability signalling

The benefit of reusing the approach described in Section 2 to MR-DC is that the involved network nodes do not have to negotiate how they “share” the LTE and NR total peak data rate but could rather individually arrive at these separately. The involved network nodes could determine how to schedule the UE in their cell group solely based on the UE capabilities (i.e. BCs and baseband capabilities) described within that RAT and isolated per RAT. Hence RAN2 assumed that a UE supporting dual connectivity (MR-DC, NR-NR DC) shall not advertise a data rate (category) that is lower than the highest data rate achievable according to any of the DC band combinations.
Proposal 3: RAN4 to discuss the suggested handling wherein the network nodes can individually arrive at a peak data rate per RAT and hence do not have to share a peak data rate across LTE and NR.
4. Conclusion

Based on the above discussion, we propose the following:
Proposal 1: RAN4 to discuss the approach of organization of baseband processing capabilities decoupled from the band combination signalling.

Proposal 2: RAN4 to discuss further the approach of how the peak data rate per-cell, per-cell-group and per-UE can be calculated based on the signalled band combinations and baseband capabilities.

Proposal 3: RAN4 to discuss the suggested handling wherein the network nodes can individually arrive at a peak data rate per RAT and hence do not have to share a peak data rate across LTE and NR.
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