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1. Introduction
RAN2 asked following in their LS [1]:
	RAN2 has been working on how UE capabilities are defined for NR, which includes the capabilities related to LTE-NR Dual Connectivity (DC). For the LTE-NR DC capabilities, RAN2 has also been discussing whether coordination is required between LTE and NR, and if so how the coordination can be done.
As a part of this exercise, the need of LTE-NR DC (option3/4/7) categories indicating the combined LTE and NR capabilities, as opposed to defining LTE UE categories and NR categories separately, was discussed. In particular, the question was asked as to whether such LTE-NR DC UE categories are necessary for e.g. early Option 3 commercialisation, the marketing purpose, etc. and agreed to request guidance from RAN on the following point.
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)
In addition, RAN2 would like to seek for the further guidance below for the categories considered necessary.
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.
RAN2 would also like to understand how the UE support for the parameters associated with the categories would be specified in NR. For LTE UE categories, the followings are used:
· Maximum number of DL/UL-SCH transport block bits received within a TTI;
· Maximum number of bits of a DL/UL-SCH transport block received within a TTI;
· Total number of soft channel bits;
· Maximum number of supported layers for spatial multiplexing in DL;
· Support for 64QAM in UL;
· Support for 256QAM in UL;
· Total layer 2 buffer size.
RAN2 considers that Total layer 2 buffer size can be discussed in RAN2. As the other parameters fall into the realm of RAN1, RAN1 feedback is needed as well.



RAN feedbacked following in their LS reply [2]:
	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 this contribution, we share our initial views on UE category.
2. Parameters for UE category
For LTE, UEs are categorized by the parameters listed in the RAN2 LS [1]. Until LTE Rel. 14, various aspects are taken into account to expand the UE category list, e.g., number of supported MIMO layers and support of DL 256QAM. Maximum total bandwidth supported by the UE with carrier aggregation is not visible in the UE category; it is taken into account for calculation of max number of DL/UL-SCH bits within a TTI and max number of bits of a DL/UL-SCH within a TTI.
For NR, various UE types will be supported, e.g., eMBB, URLLC, mMTC and combinations of two or more of the use-cases. For eMBB use-case, similar to LTE, it is straightforward to categorize UEs by the maximum number of DL/UL-SCH transport block bits and related parameters. For URLLC UE and/or mMTC UE, although they may not target their peak data rate, they can also be categorized using the same list of UE category; URLLC UE and mMTC UE report its UE category from the same list of UE categories for eMBB UE.
For NR, it was agreed that for a given carrier with a certain system bandwidth, different UEs may have different capabilities of the bandwidth where the UE can transmit/receive the signals. However, this is not necessary to be visible in the list of UE category similarly to LTE carrier aggregation. The list of UE category is cleaner if MCS and MIMO layers are not visible in the list; however, depending on necessary variations of UE capabilities for MCS/MIMO, the number of UE categories will be large in this case. If MCS and MIMO layers are written in each of the UE category as the variations, the number of UE categories can relatively be smaller.
One important feature of NR is to support multiple values of subcarrier spacing. Depending on the value of subcarrier spacing, slot duration is different. A slot would be a typical scheduling unit for data and hence could be a “reference TTI” for a given subcarrier spacing. Then, whether the UEs should be categorized taking into account the difference in TTI durations due to different values of subcarrier spacing needs to be clarified. For example, for a given bandwidth, depending on TTI duration, maximum number of DL/UL-SCH transport block bits transmitted/received “within a TTI” could be different, while maximum number of DL/UL-SCH transport block bits transmitted/received “within a reference time duration (e.g., 1ms)” can be constant. By which way the UE category is defined would be the scope of RAN1. Our understanding is that UEs should be categorized by the maximum number of DL/UL-SCH transport block bits transmitted/received “within a reference time duration”, since irrespective of the used TTI duration, for a given bandwidth, the maximum number of DL/UL-SCH transport block bits transmitted/received within a reference time duration is not necessarily be differentiated.
Proposal 1:
· Define UE category based on the maximum number of DL/UL-SCH transport block bits transmitted/received within a fixed/reference time duration (e.g., 1ms).
· Difference in subcarrier-spacing is not visible in the UE category.
· FFS: different capabilities of MIMO/MCS results in different UE categories or in the same UE category with different values on some parameters.
· One list of UE category is used for the use-cases of eMBB, URLLC, and mMTC.

3. UE category for LTE-NR DC and LTE alone/NR alone
For LTE, the UE category is defined for the LTE RAT only. Introduction of carrier aggregation or dual connectivity does not change the structure of UE categorization framework. For CA, just adding new UE categories to support the newly identified peak data rate(s). For dual connectivity, existing UE categories are used; eNBs can exchange the information of the UE category for the given UE, and split the total number of DL/UL-SCH transport block bits transmitted/received within a TTI over the two cell-groups, so that the UE capability is not exceeded.
For NR initial phase, LTE-NR dual connectivity will be supported. For this case, it is not clear whether a UE category will be defined across two RATs, or a UE category will be defined per RAT. Same as RAN1 did at LTE dual connectivity specification work in Rel.12, RAN1 should give some feedback on this issue to RAN2, especially in terms of “total number of soft channel bits”. The total number of soft channel bits is defined by the necessary soft buffer size derived from the maximum number of HARQ processes, TB size, and the coding rate. Following two options are found:
Option 1: Soft-buffer sizes are defined for LTE operation and NR operation, respectively.
Option 2: Soft-buffer size is defined as the sum of LTE and NR, and the soft-buffer is shared by LTE and NR in semi-static or dynamic manner.

Note that during study item phase, RAN1 shared preliminary thoughts with RAN2 in the LS reply [1] as following. It is time to identify details of soft-buffer sharing/split.
	Q2: Is dynamic sharing of HARQ soft buffer feasible between LTE and NR or will the total number of soft-channel bits be semi-statically split between LTE and NR?
A2: Semi-static sharing of the HARQ soft buffer (As opposed to fixed allocation of soft memory between LTE and NR) may be feasible in some UE architectures. RAN1 has not investigated the feasibility of fully dynamic HARQ soft buffer sharing.



Proposal 2:
· Identify soft-buffer definition for the LTE-NR dual connectivity, and inform RAN1’s understanding to RAN2.
· Option 1: Soft-buffer sizes are defined for LTE operation and NR operation, respectively.
· Option 2: Soft-buffer size is defined as the sum of LTE and NR, and the soft-buffer is shared by LTE and NR in semi-static or dynamic manner.


4. Conclusion
In this contribution, we presented our initial vies on UE category aspects and made following proposals:
Proposal 1:
· Define UE category based on the maximum number of DL/UL-SCH transport block bits transmitted/received within a fixed/reference time duration (e.g., 1ms).
· Difference in subcarrier-spacing is not visible in the UE category.
· FFS: different capabilities of MIMO/MCS results in different UE categories or in the same UE category with different values on some parameters.
· One list of UE category is used for the use-cases of eMBB, URLLC, and mMTC.
Proposal 2:
· Identify soft-buffer definition for the LTE-NR dual connectivity, and inform RAN1’s understanding to RAN2.
· Option 1: Soft-buffer sizes are defined for LTE operation and NR operation, respectively.
· Option 2: Soft-buffer size is defined as the sum of LTE and NR, and the soft-buffer is shared by LTE and NR in semi-static or dynamic manner.
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