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1 Introduction
In RAN2 Adhoc, the UE category was discussed. However, there was no conclusion on
-
whether a different category type for EN-DC is needed or not;
This paper discusses the need of different category for EN-DC.

2 Discussion
RAN has already sent an LS regarding UE category in EN DC [1]:

	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.


In the LS, it is stated that the 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. In the practical case, there could be two types of UE implementation, namely: 
Type 1 UE has two separate modems for LTE and NR, these two separate modems has some limited interworking capability; 
Type 2 UE has an integrated modem which could be used for LTE and NR, this integrated modem has full interworking capability between LTE and NR. 
As shown in the Fig.1, EN DC UE capability is not linear sum of the SA LTE UE capability and SA NR UE capability. Considering UE constraints due to hardware/software resources between LTE and NR and both type 1 and 2 UEs should be supported, a specific UE category type for EN-DC is needed.
Proposal 1 Define a specific UE category type of EN DC.
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Figure 1. EN DC UE capability is not linear sum of the SA LTE UE capability and SA NR UE capability

As shown in Fig.1 besides the UE category of EN DC, network also needs to know UE capabilities per RAT in order to control the data transmission in both sides. A simple way is beside UE category of EN DC, the UE also reports the RAT specific UE capability in EN DC operation.
Proposal 2 A UE supporting EN DC reports the following information to network for EN DC:
-
UE category of EN DC which indicates corresponding UE capabilities of EN DC as proposed in Proposal 3;

-
RAT basis UE capability in EN DC operation, e.g. UE capabilities in LTE side and UE capabilities in NR side during EN DC operation.
-
it is FFS whether RAT basis UE capability in EN DC operation are different IEs from SA LTE UE radio capability and SA NR UE radio capability or not. 

Basically, the following UE capabilities are defined in LTE on the UE category for both UL and DL respectively:

-
UL/DL peak data rate: maximum number of DL/UL SCH transport block bits received within a TTI;

-
maximum number of DL/UL-SCH transport block bits
-
Total number of DL-SCH soft channel bits
-
Total layer 2 buffer size
-
Maximum number of supported layers for spatial multiplexing in DL
-
Support for 64/256 QAM in UL
To our understanding, 

· ‘support for 64/256 QAM in UL’ and ‘Maximum number of supported layers for spatial multiplexing in DL’ can be independent of UE category since there are separate UE capabilities; and

· ‘Total number of DL-SCH soft channel bits’ is mainly RAN1 issue, we can leave it to RAN1 discussion
From RAN2 point of view the UE category should indicate

· UL/DL peak data rate
· maximum number of DL/UL-SCH transport block bits
· Total layer 2 buffer size

Proposal 3 From RAN2 perspective, UE EN DC category should indicate
· UL/DL peak data rate
· maximum number of DL/UL-SCH transport block bits
· Total layer 2 buffer size

Since the UE category of EN DC is applied cross LTE and NR, the UE capability coordination is needed between MN and SN based on the information reported by the UE, which includes UE category of EN DC, UE capabilities per RAT. In LTE, the MeNB provides SCG-ConfigRestrictInfo IE including maxSCH-TB-BitsXL IE to SeNB in SCG-ConfigInfo IE. The maxSCH-TB-BitsXL IE indicates the maximum DL-SCH/UL-SCH TB bits that may be scheduled in a TTI and specified as a percentage of the value defied for the applicable UE category. 
For EN DC based on P1 and 2, one example is:

For instance, the UE EN-DC category indicates 1Gbps peak data rate, and under EN DC, UE LTE capability indicates 700Mbps peak data rate, UE NR capability indicates 700Mbps peak data rate.

Note: We have to wait for RAN1 on whether soft channel bit, etc should be provided/split.
If the MN chooses to use 700Mbps in LTE, then only 300Mbps is allowed in NR. The MN should indicate this limitation to NR side. Therefore in EN-DC similar solution should be provided, i.e. MeNB provides maxSCH-TB-BitsXL and other necessary information to SgNB in the inter-node message.
Proposal 4 The MN at least sends maxSCH-TB-BitsXLto SN in the inter-node message for UE capability coordination.
3 Conclusion and Proposals
Based on the discussion, we propose:
Proposal 5 Define a specific UE category type of EN DC.
Proposal 6 A UE supporting EN DC reports the following information to network for EN DC:
-
UE category of EN DC which indicates corresponding UE capabilities of EN DC as proposed in Proposal 3;

-
RAT basis UE capability in EN DC operation, e.g. UE capabilities in LTE side and UE capabilities in NR side during EN DC operation.

-
it is FFS whether RAT basis UE capability in EN DC operation are different IEs from SA LTE UE radio capability and SA NR UE radio capability or not. 

Proposal 7 From RAN2 perspective, UE EN DC category should indicate
· UL/DL peak data rate
· maximum number of DL/UL-SCH transport block bits
· Total layer 2 buffer size

Proposal 8 The MN at least sends maxSCH-TB-BitsXLto SN in the inter-node message for UE capability coordination.
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