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1	Introduction
The purpose of this contribution is to initiate a discussion on UE capabilities in the context of LTE/NR tight interworking in lieu of the LS from RAN2 in [1]. 
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 [2] and numbered as Options 3, 4 and 7 respectively:


Figure 1: LTE-NR tight interworking deployment scenarios (RP-161266)
These scenarios are used as a reference for this discussion paper.
3	Discussion on questions addressed to RAN1 
3.1	NR capabilities associated with tight interworking
The questions from the RAN2 LS in [1] are pasted below for reference in italics. 
Q1: Which of the physical layer parameters and RF parameters relevant to LTE/NR tight interworking needs to be coordinated between eNB and gNB (c.f. Table 3)?
Some of the capabilities like supported data rate of LTE and NR relate 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, and may depend on whether the UE is operating just one of the RATs, or both at the same time. Further used bandwidth (e.g. configured number of carriers) on the two RATs may depend on each other. Hence, RF bands and the HARQ soft buffer seem to be relevant from the capability sharing perspective. Furthermore, UL transmission power may also be relevant in this regard.
Observation 1: RF bands, HARQ soft buffer and UL transmission power related UE capabilities are relevant to LTE/NR tight interworking.
Proposal 1:  Agree on the L1/RF parameters that may be relevant for eNB/gNB coordination based on the list proposed

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?
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. 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. 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.
In addition, some UE architectures may be able to semi-statically (based on a higher layer configuration) share a common soft buffer, while some other UE architectures may have a fixed soft buffer allocation to each RAT. Hence, dynamic allocation of HARQ memory needs to be discussed.
Observation 2: It appears possible for a UE architecture to support either a soft buffer common for LTE and NR, or have a fixed soft buffer allocation to each RAT.
Proposal 2: Discuss if a common soft buffer between LTE and NR is considered feasible in the UE architecture, and if so, whether it can be expected from all UEs or if this is to be left for UE implementation choice.
3.2	NR standalone capabilities
Q3: For NR operation above 6 GHz, is a frequency band viewed as a single wideband carrier or as multiple contiguous component carriers?
The wider bandwidth discussion is currently ongoing in RAN1. If the RAN1 NR Ad Hoc is concluding on the matter, the answer should be provided to RAN2.
It may be useful to inform RAN2 that RAN1 has already earlier agreed that the NR carrier should be able to support devices that are not capable of supporting the full carrier bandwidth. I.e. unlike in LTE, where all the UEs were expected to support the full carrier BW, UEs with different bandwidth support may exist.
Proposal 3: Agree on a solution for wide-band operation

Q4: The LTE UE capabilities support extensive UE implementation flexibility. In particular, the UE can indicate support for a feature (e.g. MIMO layers, CSI processes) per band of a band combination. Is a similar (signalling intense) flexibility assumed to be supported for NR?
As these aspects were based on practical implementation constraints, one can expect that similar flexibility is needed in NR.
Proposal 4: Similar implementation constraints exist for NR as for LTE, and thus similar flexibility for UE capability signaling is needed per band of a band combination

4	Conclusion
Based on the discussion in this paper, we make the following proposals:
Proposal 1:  Agree on the L1/RF parameters that may be relevant for eNB/gNB coordination based on the list proposed
Proposal 2: Discuss if a common soft buffer between LTE and NR is considered feasible in the UE architecture, and if so, whether it can be expected from all UEs or if this is to be left for UE implementation choice.
Proposal 3: Agree on a solution for wide-band operation
Proposal 4: Similar implementation constraints exist for NR as for LTE, and thus similar flexibility for UE capability signaling is needed per band of a band combination

Proposal 5: Provide RAN2 with a response LS based on the discussions and agreements of the RAN1 ad hoc
References
[1] [bookmark: _Ref75086397]R2-168961: LS on UE capability aspects for LTE/NR tight interworking, RAN2
[2] RP-161266: 5G architecture options – full set, Deutsche Telekom AG
[3] R2-168116: UE capability modelling aspects for LTE/NR tight interworking, Nokia, Alcatel-Lucent Shanghai Bell



image1.emf
EPC

LTE

NR

NR

LTE

CP + UP

CP + UP

3)  Non-Standalone/”LTE assisted”, 

EPC connected 

4) Non-Standalone/”NRassisted”, NGCN 

connected 

NextGen Core

C

P

 

+

 

U

P

U

P

U

P

C

P

 

+

 

U

P

LTE

NR

CP + UP

7) Non-Standalone/”LTEassisted”, NGCN 

connected

NextGen Core

U

P

C

P

 

+

 

U

P


oleObject1.bin
EPC


UP


NextGen Core



