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1	Introduction
In response to the questions raised by RAN2 in the LS R2-1706141, RAN plenary sent a reply LS in R2-1706314 to RAN2. The RAN conclusions was that RAN WGs should decide how the target peak data rate can be supported for LTE-NR DC and NR standalone (e.g. whether the existing concept of UE category is used or a new concept in defining the target peak data rate is introduced). In addition, RAN agreed to have an email discussion until RAN#77 to discuss the actual target peak data rates for LTE-NR DC and NR standalone.
In this contribution, we discuss the RAN2 aspects of the UE categories for LTE-NR. We discuss mainly EN-DC case (as that has the highest priority), but most (even all) of the details could also be applicable to any MR-DC operation.
2	UE categories for LTE-NR DC
2.1	UE category handling in LTE 
UE categories in LTE serve multiple roles: They determine the minimum UE design constraints and facilitate testing, but also indicate the scheduling constraints for eNB to ensure proper behaviour. The UE categories are defined by these design constraint parameters, even if they also (in practice) define certain maximum peak throughputs. The discretization of UE capabilities into UE categories also tends to lessen market fragmentation, as there is some harmonization of UE types that appear in the market, which makes it simpler for networks to handle the UEs.
Historically, LTE UE categories were first defined as combined UL+DL categories, and then later split to separated UL and DL categories. For backward compatibility, “fallback” UE categories have also been defined, and only certain combinations of UL+DL categories are allowed (to have a smaller number of possible combinations). The fallback categories are used because UE must be able to operate in legacy networks: E.g. a Rel-10 UE still has to indicate a UE category that a Rel-8-compatible network can recognize. These indications also have to be consistent, i.e. UE shall not indicate e.g. lower data rate UE category via Rel-10 signalling that is supported via Rel-8 signalling.
Observation 1: LTE UE may indicate multiple UE categories, but the indications have to be consistent (i.e. UE cannot indicate lower data rate for standalone UE categories than non-standalone ones).
2.2	UE categories for NR standalone operation
The UE categories for standalone NR operation have not yet been defined, as the focus of the NR work in Phase 1 is in the LTE-NR non-standalone operation. Therefore, it is not yet fully known which UE categories will be defined for NR, which is also acknowledged by the RAN LS R2-1706314 as shown below:
	On Item 2) and 3) below:
2) The target peak data rate in DL and UL to be supported for Option 3 until December 2017.
3) The target peak data rate in DL and UL to be supported for the other options until June 2018.
TSG-RAN will discuss these items by email until TSG-RAN #77 and aim to decide the target value(s) at the#77 meeting.



Observation 2: The target peak data rates for LTE-NR and NR will be decided by December 2017 and June 2018, respectively.
Therefore, the target data rates for LTE-NR will be known only before Stage-2 freeze, so RAN2 can only discuss about the principles of the UE categories. However, it is also clear that UE categories will have to be defined for the NR standalone operation, so it seems logical to be consistent with those also in LTE-NR.  This allows gNBs capable of handling both SA and NSA UEs to easily operate with both at the same time.
Observation 3: UE categories will have to be defined for NR standalone operation latest by the end of Rel-15.
Proposal 1: Retain the concept of an UE category in defining target peak data rate for EN-DC (and MR-DC in general) and NR SA UEs.
Proposal 1: UE categories used for LTE-NR shall be consistent with UE categories for NR standalone.
2.3	UE categories for MR-DC operation 
For LTE-NR UE categories, the contribution R2-1704189 has been proposing to define a dedicated UE categories only for LTE-NR operation. This is also where RAN2 was requesting feedback from RAN, with the answer being as shown below:
	1) The necessity of UE categories for UE in the LTE-NR DC (Opt. 3/4/7) as well as the NR standalone (Opt. 2)
TSG-RAN foresees industrial demand that LTE-NR DC (Option 3/4/7 series) enables operators to provide a certain peak data rate, as well as the NR standalone (Option 2). TSG-RAN would like to let RAN WGs to decide how the target peak data rate can be supported for LTE-NR DC and NR standalone in the specifications, e.g. whether the existing concept of UE category is inherited or a new concept in defining the target peak data rate is introduced. RAN sees that it is important that practical UE constraints are also taken into account in the UE capabilities and categories e.g. UE constraints due to hardware sharing during LTE – NR DC operations. It is also up to RAN WGs how the UE categories and capabilities are defined for LTE-NR DC as well as NR standalone.




As the gray highlighted part shows, something defining the peak data rate of UEs has to be defined for all MR-DC cases. However, as the yellow highlighted parts show, whether the existing UE category definitions of something new is defined for determining the peak data rate was left up to RAN WGs (e.g. RAN2) to decide. However, it should be possible to ensure that the practical UE constraints are clearly indicated in the UE category definitions, as the turquoise highlighting shows. 
Observation 4: It is up to RAN2 to determine how the UE categories for MR-DC and NR are defined in RAN2 specifications.
Observation 5: UE capabilities should indicate the UE constraints during LTE-NR and NR operation – this can be indicated with either regular (standalone?) UE capabilities, or they can be “hardcoded” into the UE categories themselves.
Reusing the UE category concept itself seems reasonable for NR, even if some details might differ from LTE. Still, the key point would be that a UE category is indicated via a(n abstract) category number that refers to NR specifications. 
Proposal 2: Define UL/DL categories for NR standalone operation. The categories are identified via a number that refers to their definitions in TS 38.306.
Therefore, since LTE UL/DL categories definitely already exist, and assuming we will define some UL/DL UE categories also for NR, we can reuse them for LTE-NR as well. The simplest option seems to be that UE simply supports LTE-NR operation according to the standalone LTE and NR categories,– this is illustrated in Figure 1 below.
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Figure 1. Illustrating of reusing standalone categories for LTE-NR operation
Observation 6: Combining the standalone LTE and NR UE categories would be the simplest way to indicate UE peak data rate for MR-DC.
Additionally, some restrictions (e.g. on data rates or buffer requirements) might be needed as well for the UE categories, and these could be further defined within the respective capabilities.  This is illustrated in Figure 2 below.
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Figure 2. Illustrating of reusing standalone categories for LTE-NR operation with some capability restrictions
This approach would allow reusing existing UE categories, but also indicating separate restrictions for use with MR-DC operation. The capability restrictions are also only required to be understood by the respective RATs, i.e. LTE is not required to understand the NR restrictions and vice versa.
Observation 7: Any UE capability restrictions for MR-DC operation can be indicated within LTE capabilities for LTE and within NR capabilities for NR.

However, as an alternative way to accomplish the same, the same could be done by allowing the UE to define the restrictions as separate UE categories for LTE and NR RATs during MR-DC. These categories would then be given in the respective UE capability containers, so that each RAT is only required to comprehend its own capabilities (as has been the RAN2 agreement so far). This is illustrated in figure 2 below, where UE uses the separated UE categories for LTE-NR to indicate the needed restrictions during MR-DC operation.
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Figure 3. Indicating capability restrictions via separate MR-DC UE categories 
The benefit of this approach is that there is no need to define (and maintain) a list of separated UE categories only for LTE-NR interworking, which reduces the maintenance burden. It does require that similar consistency that is applied for the LTE UE category definitions is done (but that would anyway be the same for any definition of UE categories): UE should support at least as large peak rate for SA operation than for NSA operation. However, it is obviously more complex than the other two options, which may create specification difficulties. A simpler approach might be preferable.
Proposal 3: Do not define separate UL/DL “LTE-NR” UE categories (i.e. the LTE-NR UE category is synthesized by linking a LTE and NR standalone category). 
Proposal 4: UE capability restrictions for UL/DL UE categories are indicated within each RAT’s capability container. 
Proposal 5: Supported UE peak data rate for LTE and NR standalone modes should be at least as large as the peak data rates in the respective RATs during MR-DC operation.  
3	Conclusions
We have discussed the UE categories for LTE-NR and observed the following:
Observation 1: LTE UE may indicate multiple UE categories, but the indications have to be consistent (i.e. UE cannot indicate lower data rate for later.
Observation 2: The target peak data rates for LTE-NR and NR will be decided by December 2017 and June 2018, respectively.
Observation 3: UE categories will to be defined for NR standalone operation latest by the end of Rel-15.
Observation 4: It is up to RAN2 to determine how the UE categories for LTE-NR and NR are defined in RAN2 specifications.
Observation 5: UE capabilities should indicate the UE constraints during LTE-NR and NR operation – this can be done with either regular UE capabilities, or they can be “hardcoded” into the UE categories themselves.
Observation 6: Combining the standalone LTE and NR UE categories would be the simplest way to indicate UE peak data rate for MR-DC.
Observation 7: Any UE capability restrictions for MR-DC operation can be indicated within LTE capabilities for LTE and within NR capabilities for NR.
Based on these, we have proposed the following:
Proposal 1: UE categories used for LTE-NR shall be consistent with UE categories for NR standalone.
Proposal 2: Define UL/DL categories for NR standalone operation. The categories are identified via a number that refers to their definitions in TS 38.306.
Proposal 3: Do not define separate UL/DL “LTE-NR” UE categories (i.e. the LTE-NR UE category is synthesized by linking a LTE and NR standalone category). 
Proposal 4: UE capability restrictions for UL/DL UE categories are indicated within each RAT’s capability container. 
Proposal 5: Supported UE peak data rate for LTE and NR standalone modes should be at least as large as the peak data rates in the respective RATs during MR-DC operation.  
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