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1	Introduction
At the outcome of the RAN2#95bis meeting, different aspects related to the LTE-NR tight interworking were discussed. The following agreements were made:
Agreements (referred to as Set 1 in this contribution)
1: RAN2 shall consider the LTE/NR tight interworking (with LTE eNB, NR gNB or eLTE eNB as a master node) for the coordination of capabilities.
2:	 We should aim to minimum the differences between the NR capability reporting across the LTE/NR tight interworking cases (NR gNB as a master node) and the standalone NR gNB case.
3	 At least some band combinations across RATs should be coordinated across the master and the secondary nodes.
4	Layer 2 buffer capabilities should be coordinated across the RATs should be coordinated across the master and the secondary nodes.
5: 	RAN2 aim for a solution where the master node and secondary node are not required to comprehend each others UE configuration.

Agreements (referred to as Set 2 in this contribution):
1: Agree the following principle: the master node and the secondary node only need to use own RAT UE capabilities (which will include some other RAT capabilities relating to the interworking). At least for the initial configuration of interworking case these are provided on the master node RAT or from core network
2: Allow gNB to format NR RRC PDUs for the UE configuration.

The purpose of this contribution is to expand the discussion on the capabilities in Agreements 3 and 4 so as to understand the NR specific aspects of these capabilities in the context of LTE/NR tight interworking.
2	Recap of deployment scenarios
The three deployment scenarios that were agreed to be studied as part of LTE-NR tight interworking are shown in Figure 1 below. These correspond to the non-standalone interworking scenarios captured in RP-161266 [1] and numbered as Options 3, 4 and 7 respectively:


Figure 1: LTE-NR tight interworking deployment scenarios (RP-161266)
The discussion in this paper will cover all the above-mentioned scenarios to be in line with agreements listed in Set 1 and Set 2.
3	NR capabilities associated with tight interworking
3	 At least some band combinations across RATs should be coordinated across the master and the secondary nodes.
4	Layer 2 buffer capabilities should be coordinated across the RATs should be coordinated across the master and the secondary nodes.

We use the agreements 3 and 4 listed above as the starting point for our discussions. We discuss Agreement 3 and 4 in separate sections below because they relate to different aspects of the UE capabilities:
3.1	On the modelling of NR RF carrier and band combinations
Of the many questions that appear, we would like to discuss at least the following ones as a starting point:
Question 1: What is the number of NR carriers that a UE can support?
Question 2: What are the expected combinations of these carriers (and bands) between LTE and NR?
3.1.1	Question 1: Number of NR carriers
It is understood that NR will operate in low frequencies (below 6 GHz) and high frequencies (above 6 GHz potentially up to 40 GHz with initial deployments happening in the 20+ GHz bands), whereas LTE will operate below 6 GHz. It is well-known that the RF techniques for below 6 GHz and above 6 GHz operations are quite different and therefore we may attempt to split the discussion into 2 constituent parts: NR operation below and above 6 GHz.
For NR below 6 GHz operation: As far as the frequency bands and combinations are concerned, NR is expected to retain the carrier aggregation scenarios with multiple bands and multiple carriers (contiguous or non-contiguous) in each band as was discussed in LTE. However, it is worth noting that the initial assumptions in LTE are quite different from NR (e.g. in terms of system bandwidth and carrier bandwidth as absolute values), so the UE capability signalling should be optimized considering that the channel bandwidth considerations for NR will be quite different from LTE (e.g. due to different numerologies). 
Observation 1: The modelling of NR RF capabilities below 6 GHz does not necessarily follow from the LTE reporting mechanisms.
For NR above 6 GHz operation: The RF issues compared to LTE are more complex in a sense since LTE never considered high frequency bands and NR above 6 GHz offers more alternative parametrizations to work with. As an example, RF could be configured as a single wideband carrier or as multiple contiguous component carriers, both covering the same total bandwidth. Because of the extremely high bandwidth range of NR above 6 GHz operation, the UE capability might just report the supported frequency range and the maximum bandwidth (for its configured use by a single wideband carrier or multiple contiguous component carriers) rather than listing all possible combinations. A case straight to the point is the NR above 6 GHz band at 28 GHz, which in itself is quite wide enough to warrant a different frequency range (i.e. sub-band) in a given region. It might just be impracticable to cover the entire range of combinations without having an excessively large and nested UE capability container. In that case, we could introduce sub-bands or explicit frequency signalling rather than the simple band indicator signalling used for LTE.  In addition to the above discussion, it is worth noting that it is too early to say if the support of non-contiguous (intra-band) carrier aggregation is actually feasible in the NR above 6 GHz bands. Hence, a single wideband carrier or a set of contiguous component carriers seems feasible to start with.
Observation 2: The modelling of NR RF capabilities above 6 GHz allows choices for higher degree of simplification; e.g.  The RF capability could be limited to the supported frequency range and the maximum bandwidth rather than covering all possible carrier combinations.
Observation 3: For NR above 6 GHz operation, a sub-band reporting or explicit frequency reporting may be considered, in order to avoid reporting unallocated bands components. 
The discussion on Question 1 is rather incomplete without touching the RF realization by hardware components. It is assumed that NR above 6 GHz front-end component realizations like antennas, amplifiers, filters and transceivers are not tightly coupled with below 6 GHz front-end component realizations.  Instead, the RF realization has to be multiplied for the required operations, where specific designs apply for every given frequency range. 
3.1.1	Question 2: NR carrier combinations
Based on the discussions above, it can be assumed the UE mostly supports one NR band in operation above 6 GHz in addition to the low band combinations (i.e. existing below 6 GHz). Naturally, UE may have chipset support for another NR band above 6 GHz accomplished by adding more RF components. Multi-band aggregation of NR bands may not be practical.
Observation 4: The initial NR deployments will have UEs supporting at most one band at one time above 6 GHz.
Observation 5: For NR above 6 GHz operation, non-contiguous CA might not be quite attractive nor needed, and contiguous CA could apply instead (This is due to the large amount of spectrum that is available.)
Another important topic is whether uplink transmitter power sharing is needed and if it is needed, how such sharing could be accomplished. We understand that typically there is no need to share the power resource between below 6 GHz and above 6 GHz bands, because the band regulations and RF implementations might be quite different for the NR above 6 GHz bands, and because their impact to below 6 GHz operation is non-limiting. However, this assumption needs to be studied and verified by RAN4.
Observation 6: Due to the fundamental differences in the manner RF operates, there is no trade-off in the uplink transmitter power sharing between the below 6 GHz and above 6 GHz bands.
Proposal 1: RAN2 is requested to discuss the observations made for the NR RF capabilities.
3.2	Modelling of UE buffering capabilities
3.2.1 	Introduction
The processing capability relates to the UE categories, e.g. in terms of L2 buffer sizes and the physical layer related maximum number of transport block bits received within a TTI, total number of soft channel bits and maximum number of layers for spatial multiplexing. In Section 3.2.2 we discuss the UE capability from HARQ buffer point of view and in Section 3.2.3 from L2 PDU handling point of view.
3.2.2 		Discussion on HARQ buffer sharing
The discussion on L2 capabilities may begin by looking at the HARQ buffer sharing possibilities; because it is an expensive part in the baseband chip. In the previous contributions by chipset vendors, and in general, it is understood that if the different RATs (WCDMA, LTE and NR) are tightly integrated in the baseband chip, it should be possible to share their HARQ buffers. We consider that typically the common memory is shared among RATs (including HARQ buffer), though prior to LTE/NR tight interworking, multiple RATs are not simultaneously active. Hence, if two RATs simultaneously use the same HARQ buffer area, then it must be possible to secure the combined data rate and latency requirements by UE internal design. Soft buffer memory for storing Transport Block data could be shared between RATs. For LTE and NR there are however notable differences compared to the legacy operations, namely the data is  subject to different coding/decoding  principles (Turbo vs. LDPC) and their code block sizes, and the timing constraints of ACKs are different dye to different symbol lengths, TTI lengths and due to their dependency on the decoding result.  The RAN1 “to be decided” channel coding details such as code block segmentation size hence pipelining of decoding the data of a TB can become different for NR compared to LTE (and legacy) Turbo codes. Therefore, there may appear large challenges of sharing common hardware and memory resources and sharing them fast enough, namely, if sharing, that may lead to large control overhead in the circuitry and may have a negative impact to the decoding speed. We also consider that dynamic (fast) sharing of the HARQ buffer resources might not be practical due to the extremely fast nature of HARQ processing, e.g. due to its asynchronicity, due to its dependency on the symbol length and TTI lengths, and because of the tight requirements of HARQ feedback reporting. Further, in the LTE-NR interworking, which is a dominant (early) deployment for NR, LTE and NR need to be flexibly operational at the same time. It is not easy to see that LTE and NR soft-channel processing could be easily and flexibly tradable (on the fly) for any required data rate between them. 
Observation 7: Some HARQ buffer resources could be shared across multiple RATs.
Observation 8: It is unclear whether NR PHY related aspects (e.g. coding, TTI and symbol lengths) will create challenges in sharing of HARQ buffer resources.
Observation 9: Any resource sharing should be done fast enough without a large impact to the control overhead in the circuitry leading to negative impacts (e.g. in decoding speed).
Proposal 2: Consider modelling the total number of soft-channel bits as a semi-static split between RATs for NR UE capabilities.
Proposal 3: RAN2 is kindly requested to discuss the observations made for the HARQ buffer sharing.
3.2.3 		Discussion on layer 2 buffer size sharing
TS 36.306 defines the following capability:
[bookmark: _Toc440032937]4.2.5	Total layer 2 buffer size
This parameter defines the total layer 2 buffer size. The total layer 2 buffer size is defined as the sum of the number of bytes that the UE is capable of storing in the RLC transmission windows and RLC reception and reordering windows for all radio bearers, and for UEs capable of split bearers, also in PDCP reordering windows for all split radio bearers.
The UE capability in handling PDUs, after soft-combining and decoding, looks feasible for shared and compromised resource limits in terms of processing capacity and memory. In particular, it seems reasonable to assume the possibility of UE implementations where layer-2 buffer can be used interchangeably in LTE operation and/or in NR operation. UE implementations may have large design freedom in this, but the minimum requirements need to be specified. The questions which are relevant are; what are the nature of the RAT specific requirements which also apply specifically to tight interworking and in what extent these must be  negotiated in the network need to be further addressed. As discussed in [4], single-RAT requirements for LTE may or may not be different from single RAT requirements for NR, while bearers split between LTE and NR are likely to pose higher requirements.
Observation 10: Sharing the layer 2 buffer size between multiple RATs seems reasonable.
Observation 11: The single-RAT requirements on layer 2 buffer size for LTE and NR may or may not be very different.
Observation 12: The required layer 2 buffer size and its reporting needs to be further discussed.
Proposal 4: RAN2 is kindly requested to discuss the observations made for the possible sharing of layer 2 buffer size.
4	Conclusion
In this contribution we have discussed the aspects of the NR capabilities and their relation to LTE/NR tight interworking. Based on the discussion we have also made a few observations: 
Observation 1: The modelling of NR RF capabilities below 6 GHz does not necessarily follow from the LTE reporting mechanisms.
[bookmark: _GoBack]Observation 2: The modelling of NR RF capabilities above 6 GHz allows choices for higher degree of simplification; e.g.  The RF capability could be limited to the supported frequency range and the maximum bandwidth rather than covering all possible carrier combinations.
Observation 3: For NR above 6 GHz operation, a sub-band reporting or explicit frequency reporting may be considered, in order to avoid reporting unallocated bands components.
Observation 4: The initial NR deployments will have UEs supporting at most one band at one time above 6 GHz.
Observation 5: For NR above 6 GHz operation, non-contiguous CA might not be quite attractive nor needed, and contiguous CA could apply instead (This is due to the large amount of spectrum that is available.)
Observation 6: Due to the fundamental differences in the manner RF operates, there is no trade-off in the uplink transmitter power sharing between the below 6 GHz and above 6 GHz bands.
Observation 7: Some HARQ buffer resources could be shared across multiple RATs.
Observation 8: It is unclear whether NR PHY related aspects (e.g. coding, TTI and symbol lengths) will create challenges in sharing of HARQ buffer resources.
Observation 9: Any resource sharing should be done fast enough without a large impact to the control overhead in the circuitry leading to negative impacts (e.g. in decoding speed).
Observation 10: Sharing the layer 2 buffer size between multiple RATs seems reasonable.
Observation 11: The single-RAT requirements on layer 2 buffer size for LTE and NR may or may not be very different.
Observation 12: The required layer 2 buffer size and its reporting needs to be further discussed.
Based on the observations above, we make the following proposals and send a LS to WG1 and WG4 seeking answers to the questions listed in [3]:
Proposal 1: RAN2 is requested to discuss the observations made for the NR RF capabilities.
Proposal 2: Consider modelling the total number of soft-channel bits as a semi-static split between RATs for NR UE capabilities.
Proposal 3: RAN2 is kindly requested to discuss the observations made for the HARQ buffer sharing.
Proposal 4: RAN2 is kindly requested to discuss the observations made for the possible sharing of layer 2 buffer size.
Proposal 5: RAN2 is requested to discuss the draft LS in [3] and send it to RAN4 and RAN1.
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