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Discussion
1
Introduction
RAN2 has sent LS to RAN4 in [1] regarding UE capability aspects for LTE/NR tight interworking. Information on the NR UE capability will be needed for RAN2 to discuss detailed solutions. In this paper we discuss the background of the LS and proposed replies.

The LS includes a number of questions of which some are related to RF and some related to RRM (questions #3 and #4). In the following we will address the topics which we consider relevant to RF and RRM. 
2
Recap of deployment scenarios
In RAN2 three deployment scenarios have been agreed to be studied as part of LTE-NR tight interworking as shown in Figure 1 below. These scenarios correspond to the non-standalone scenarios captured in RP-161266 [2] as scenarios 3, 4 and 7 respectively:
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Figure 1: LTE-NR tight interworking deployment scenarios (RP-161266)

Compared to earlier discussion on DC in which the connectivity is to cells of the same RAT, LTE-NR tight interworking scenario involves connection to cells of different RATs. 

It is rather difficult to predict the coming NR capabilities of the UE. Hence, it may be beneficial to aim to have independent capability information for NR and LTE in order to minimize the eNB impact as the NR development progresses. A high degree of independence would means that a node of one RAT does not need to look at the capabilities of the other RAT.
2
Discussion related to LS

Following we look at each of the questions raised by RAN2 in [1] and propose a reply for each.
Q1: How will a frequency band defined for NR? In particular, is it supposed to be different dependent on the frequency band, e.g. above/below 6 GHz?

The definition of frequency band is likely going to follow the approach used earlier (as in TS 36.101) and for definitions below 6GHz re-use of E-UTRAN bands would need to be considered. As RAN4 has not yet made decisions making a clear reply to this question becomes difficult.
A1: RAN4 has not yet made decision enabling answering the question. Assumption is that RAN4 will likely define frequency bands in a similar manner as before. For bands below 6 GHz the legacy LTE bands need to be considered.
Q2: How will LTE and NR band combinations be defined for LTE/NR tight interworking?

RAN4 is still in the discussion phase concerning band specification and no conclusion has been reached yet. We therefore don’t think RAN4 can give specific answer but can indicate to RAN2 that the discussion is ongoing.
A2: Discussion on how to specify bands for NR is ongoing and there is no final conclusion yet. It is too early to conclude on band combinations for LTE/NR tight interworking.

Q3: Which of the potential physical layer parameters and RF parameters relevant to LTE/NR tight interworking need to be coordinated between eNB and gNB (c.f. Table 3)?

RAN4 would need to discuss which UE parameters that would be necessary to exchange between the UE and network. Some of the capabilities like supported data rate of LTE and NR related to the UE categories, e.g. in terms of HARQ and 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 etc. Some of these parameters may depend on whether the UE is operating just one of the RATs, or both at the same time. Furthermore the used bandwidth (e.g. configured number of carriers) in each of 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. RAN4 is in large still discussing these aspects related to RF. Related to RRM topics the discussion has not yet started.
A3: RAN4 disucssion is ongoing related to RF parameters while for UE architecture there is no decision yet.
Q4: RAN2 assumes that the network will need to be aware, via capability signalling, of the set of the LTE and NR band combinations which are supported by the UE. However, RAN2 would like to understand what capabilities might be depending on the LTE/NR band combinations. In particular, RAN2 would like to understand if it is essential to support as high degree of flexibility as is currently possible with LTE, where UE can indicate support for a feature (e.g. MIMO layers, CSI processes) per band of a band combination? E.g. the antenna configuration (e.g. MIMO layers) used on MCG cells may not depend on the antenna configuration used on SCG cells, if they operate on widely separated frequency bands?  

This question more relates to discussions in RRM session. It is worth noting that the discussion concerning capabilities related to NR CA/DC and LTE/NR tight interworking and possible minimum support has not yet started in RAN4. Likely, RRM session will need to have a baseline UE architecture and have defined RF frame work in place before it is possible to progress on the topics regarding detailed UE requirements. Additionally RAN4 is waiting decisions from RAN1 regarding measurements etc. 
A4: RAN4 has not been able to discuss the aspects of Q4 yet due to waiting input from other WGs
Q5: Is there uplink transmission power sharing between the below 6 GHz and above 6 GHz bands or are the uplink power amplifiers exclusive to below 6 GHz and above 6 GHz bands?

A5: For the handheld device, the power sharing to meet SAR requirement may be needed. It is applied below 6GHz in the US or below 10GHz in Europe.

Q6: For NR operation below 6 GHz, what are the assumptions on frequency bands (including system bandwidth), band combinations and carrier aggregation scenarios (contiguous or non-contiguous)?

A6: The similar band combinations and carrier aggregation scenarios may be expected as in E-UTRA. Furthermore, there is more options for wider channel bandwidth and different numerologies than LTE used. 

Q7: For NR operation above 6 GHz, is a NR RF band a single wideband carrier or multiple contiguous component carriers?

A7: Currently in RAN4 the wide range of frequencies in 6-86GHz are studied. How to specify a frequency band above 6GHz is FFS. RAN4 is studying the specification impacts of defining transmission bandwidth configuration, channel bandwidth, guard bands and UE capabilities. How wideband single carrier can be supported is FFS.

Q8: For NR operation above 6 GHz, what are the assumptions on frequency bands (including system bandwidth), band combinations and carrier aggregation scenarios (contiguous or non-contiguous)? Are these assumptions simplified compared to below 6 GHz?

A8: Currently in RAN4 the wide range of frequencies above 6GHz is in the scope of feasibility study. Four frequency ranges, 22.45-33.4, 37-43.5, 45.55-52.6, and 66-86GHz, are studied in terms of coexistence. RAN4 expect less spectrum fragmentation in the high frequency ranges above 6GHz, therefore, a single wideband carrier or contiguous carrier aggregation in one frequency band would be the first priority in RAN4 feasibility study. Inter-band CA or intra-band non-contiguous CA is in low priority and may not be needed in the first phase of NR work item.

Q9: For NR above 6 GHz operation, is non-contiguous CA needed or rather would only contiguous CA apply instead?
A9: No use case of non-contiguous CA is identified yet in RAN4. In general, the non-contiguous transmission is expected challenging from high frequency device point of view. Therefore, intra-band non-contiguous CA is in low priority in RAN4 above 6GHz. RAN4 is comparing wideband single carrier and intra-band contiguous CA approaches from implementation complexity point of view.
3
Conclusions
This contribution discussed each of the questions raised by RAN2 in [1]. Propose reply is provided in clause 2. Corresponding reply LS is provided in [3].
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