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1 Introduction
The expected RRM requirements for NSA have been discussed in several RAN4 meetings. There were some progress in RAN4#83 in NR side regarding which requirements are to be specified for NSA and which are not, as captured in the agreed WF [1] and copied below. For LTE side, however, there was no detailed agreement.
	RRM requirements expected in TS38.133:

RRM requirements expected in TS38.133 for enabling dual connectivity option 3

Types of requirements

Functionalities
Huawei

Ericsson

Agreement

RRC_IDLE state mobility

Cell selection/re-selection

N
N

No requirement
E-UTRAN RRC_INACTIVE state mobility

Pending RAN2

E-UTRAN RRC_CONNECTED state mobility

Handover
N
N

RRC Connection Mobility Control

RRC re-establishment
Y
N

Random access

Y
Y

Requirement is needed
UE timing and signalling characteristics

UE transmit timing
Y
Y

Requirement is needed
UE timer accuracy

N
Timing advance

Y
Y

Requirement is needed
Radio link monitoring

Y
Y

Requirement is needed
Interruption with DC

Y
Y

Requirement is needed
Cell phase synchronization accuracy

TBD

Y for TDD

PSCell addition/release/change delay 

Y
Y

Requirement is needed
Maximum Receive Timing Difference in Dual Connectivity

TBD
Maximum Transmission Timing Difference in Dual Connectivity

TBD

NR SCell Activation and Deactivation Delay

Y

Y

UE Measurements Procedures in RRC_CONNECTED State

[Intra/inter-frequency] measurement (including cell identification, beam management)

Y
Y

Requirement is needed
Measurements performance requirements for UE

Measurement accuracy

Y
Y

Requirement is needed
Other requirements are not precluded if to be identified as necessary.

Further analysis is needed on the changes for 36.133 to support interRAT operation


In this paper, we will provide our views on the impact to LTE RRM requirements in supporting NSA. 
2 Discussion
We will go through each section of 36.133 and discuss if new requirements are needed to support NSA.

Section 4

Section 4 is specifying LTE idle mode requirements, and clearly there will be no impact since support of NSA with LTE-NR DC is only for connected mode. 

Section 5 and 6

Section 5 and 6 are specifying LTE mobility related requirements, e.g. HO, RACH, RRC re-establishment, etc. As with NSA LTE is always the MN, and based on RAN2 agreement MN mobility is fully up to MN, there will be no impact due to additional SN in LTE-NR DC. On the other hand, with NSA NR is always the SN, so such procedures like HO from LTE to NR, or RRC connection release with redirect to NR, are not considered. Therefore, we can conclude that section 5 and 6 are not impacted by support of NSA.
Section 7
Section 7 contains a lot of RRM requirements. One part is the LTE UE timing related requirements, which is clearly not relevant with NSA support. Another part is the RLM requirements, which is also not going to be impacted by NSA support as it is about MN mobility. Also the part for CA requirements should be unchanged, as LTE CA within MN is not impacted by the SN, and NR CA within SN will be handled in 38.133.
There are some requirements regarding LTE DC, namely 

· Interruption with DC, including interruption for PSCell addition/release, SCell (in SCG) addition/release and activation/deactivation, SCC (in SCG) measurement, independent DRX, and SRS switching. The requirements need to be updated to accommodate LTE-NR DC. As the interruptions are fundamentally caused by the single RF-IC architecture in UE, we believe most of the requirements can be re-used for the same UE RF architecture. On the other hand, the interruption may not happen if LTE carrier and NR carrier are served with different RF chip, which is likely to be case for NR deployed on >6GHz spectrum. In LTE sTTI WI there is ongoing discussion on whether the interruption requirements should be optimized considering the actual RF switching time and the TTI length. We think similar optimization should be considered for NR side in 38.133 but for LTE in 36.133 same requirement can remain as the SCS for LTE is fixed as 15kHz.
· PSCell Addition and Release Delay. This requirement also needs to be updated to accommodate LTE-NR DC. If we look at the current requirement, the PSCell addition delay includes RRC reconfiguration delay, UE search time, RF delay to start operating on the PSCell carrier and delay uncertainty for PRACH on PCell and PSCell. In our view, the RRC reconfiguration delay and RF delay can be re-used, while the UE search time will depend on NR cell search time (which is to be agreed in NR for 38.133) and the delay uncertainty for PRACH on PSCell, which needs to be checked from the NR PRACH design. 
· Cell phase synchronization accuracy and Maximum Receive/Transmission Timing Difference. As mentioned in section 1, these requirements will be discussed in NR side for 38.133, so we believe there is no need to duplicate the discussion for 36.133. 
Proposal 1: LTE DC interruption requirements need to be updated to accommodate LTE-NR DC. 
Proposal 2: Different UE RF architectures needs to be considered in LTE-NR DC. 
Proposal 3: LTE DC PSCell addition/release requirements need to be updated to accommodate LTE-NR DC. NR cell search time can re-use the NR requirement, and delay uncertainty for PRACH on PSCell should be checked from NR PRACH design.
Section 8

Section 8 includes the RRM measurement requirements for LTE. As agreed in RAN2, MN should be able to configure measurement of NR in order to decide the PSCell and SCell addition/release in SN, so inter-RAT NR measurement is clearly needed from LTE side.
First, the measurement capability in terms of number of maximum supported carrier frequencies are specified in section 8.1.2.1. the requirement includes

· Per RAT capability, e.g. 3 FDD E-UTRA inter-frequency carriers 

· Total number of effective carrier frequency layers for different RATs, e.g. in LTE the number is 7

We believe for NR, both requirements are needed. The number of NR carriers UE shall be able to measure is discussed in NR side, e.g. in our companion paper [2], and we believe the agreement should be made there for 38.133 and be re-used for 36.133. The total number of effective layers UE shall be able to measure should be discussed further. 

In principle, supporting NSA should not lead to a relaxation in the UE’s LTE capability. With NSA the mobility of LTE MN is supposed not to be impacted whether the SN is configured or not. This means even when UE is configured with NR PSCell, MN may still configure LTE inter-frequency measurement and inter-RAT measurement to other RATs than NR, as if the NR PSCell is not added. This means the total number of effective carriers should be 7+X, where X is number of maximum NR carriers to be supported for measurement (which will be agreed for 38.133). 

On the other hand, we understand that such a requirement may be too challenging from UE complexity point of view. Therefore, our preference is to keep the current per-RAT measurement capability as defined in section 8.1.2.1.1.1 for NSA, but relax the total number of effective carriers to 7+Y, where Y<=X.

The reporting capability is defined in section 8.2 in terms of number of reporting criteria UE shall support. We think similar change should be made as for measurement capability, but since the reporting capability is more related with the reporting criteria to be defined for NR in RAN2, the discussion can be postponed when there is a more clear view on how many reporting criteria is needed for a NR object compared to LTE.    
Proposal 4: The current per-RAT measurement capability as defined in section 8.1.2.1.1.1 is re-used for NSA, and the capability of total number of effective carriers is defined as 7+Y, where Y<=X and where X is number of maximum NR carriers to be supported.

Measurement gap is another important aspect for NSA. The current inter-RAT measurements in LTE all require UE being configured with gaps. However, we think the assumption should be changed based on the Rel-14 measurement gap enhancement WI. There are two cases to consider. One is the inter-RAT NR measurement does not require gaps from LTE side, e.g. if UE uses the NR RX chain to do the measurement regardless whether gaps area created from NR side. The other case is gaps are needed from LTE side if UE does not use NR RX chain for measurement. The latter case should be possible if the current LTE gap pattern can be re-used for NR measurement. This needs to be agreed in NR side, but in our companion paper [3] we find this is the case.

Proposal 5: Inter-RAT NR measurement can be with gaps or without gaps from LTE side.   
For the measurement performance of inter-RAT NR measurement, including at least NR cell identification delay, NR measurement period, and maybe more from NR such as beam management related performance, should be discussed in NR side for 38.133. In principle, per carrier measurement performance of inter-RAT NR measurement in LTE side could re-uses what are defined for intra-/inter-frequency measurement in NR side as starting point. After NR requirements are clear, RAN4 can further check if all requirements are applicable for inter-RAT measurement. The overall performance of the inter-RAT NR measurement also depends on the gap usage, which should be further discussed following Proposal 4. 
Proposal 6: Per carrier measurement performance of inter-RAT NR measurement in LTE side re-uses what are defined for intra-/inter-frequency measurement in NR side as starting point.
One new and special issue in the measurement for NSA is the consistent measurement object. As mentioned in RAN2 LS [4], it is possible that a same NR measurement object is configured twice, i.e. both has inter-RAT object from LTE side and intra-inter-frequency object from NR side. Although the exact definition of NR measurement object and consistent object are not clear yet, we believe it is straightforward that the consistent object should be counted only once for both measurement capability and performance scaling, as in essence it is the same physical layer sampling applied. 

Proposal 7: Consistent measurement object configured in both LTE side and NR side should counted only once for both measurement capability and performance scaling.
Section 9
Section 9 contains LTE measurement accuracy, including requirements for both requirements on LTE and other RAT. Clearly, new accuracy requirements for inter-RAT NR measurement are needed. Similarly as for measurement period performance in section 8, the accuracy requirements should also be agreed in NR for 38.133 first and re-used in 36.133.

Section 10
Section 10 contains LTE eNB measurement requirements. In our understanding, all those measurements are all LTE operation and has nothing to do with NR PSCell or SCell, so there should be no impact due to support of NSA.

Section 11, 12 and 13
Those 3 sections contain UE requirements for D2D and V2X. They are out of scope of NSA in Rel-15, so there should be no impact to them.
Proposal 8: There is no impact the following RRM requirements in supporting NSA

· Section 4, 5, 6, 10, 11, 12 and 13

· Section 7 except those requirements related to DC
3 Conclusions 

In this paper, we provided our views on impact to LTE RRM requirements in 36.133 in order to support NSA with LTE-NR DC. We have the following proposals.
Proposal 1: LTE DC interruption requirements need to be updated to accommodate LTE-NR DC. 

Proposal 2: Different UE RF architectures needs to be considered in LTE-NR DC. 

Proposal 3: LTE DC PSCell addition/release requirements need to be updated to accommodate LTE-NR DC. NR cell search time can re-use the NR requirement, and delay uncertainty for PRACH on PSCell should be checked from NR PRACH design.
Proposal 4: The current per-RAT measurement capability as defined in section 8.1.2.1.1.1 is re-used for NSA, and the capability of total number of effective carriers is defined as 7+Y, where Y<=X and where X is number of maximum NR carriers to be supported.

Proposal 5: Inter-RAT NR measurement can be with gaps or without gaps from LTE side.
Proposal 6: Per carrier measurement performance of inter-RAT NR measurement in LTE side re-uses what are defined for intra-/inter-frequency measurement in NR side as starting point.
Proposal 7: Consistent measurement object configured in both LTE side and NR side should counted only once for both measurement capability and performance scaling.
Proposal 8: There is no impact the following RRM requirements in supporting NSA

· Section 4, 5, 6, 10, 11, 12 and 13

· Section 7 except those requirements related to DC
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