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1 Introduction
In the Qingdao NR ad hoc, discussion about the impacts of the support of EN-DC (i.e. NSA NR option 3) to 36.133 continued. Some agreements were reached during the meeting and they were captured in a way forward [1]. The agreements captured in the way forward about the EN-DC impacts to 36.133 are the following:
36.133 expected impact from NSA
Following was agreed:
· Inter-RAT NR measurement requirements should be introduced in TS36.133. 
· Further analysis is needed on existing capability for measurement, event triggering and reporting criteria should be revisited. 
· Inter-RAT NR measurement can be with gaps or without gaps from LTE side.
· Measurement accuracy and report mapping for NR reference signals should be introduced in TS36.133.
· Introduce the requirement by referring to inter-frequency measurement requirements TS38.133.
· The delay uncertainty for PRACH on PSCell should be checked from NR PRACH design.
· The existing interruption requirements for E-UTRAN PSCell addition/release in TS36.133 could be used as baseline for NR PSCell addition/release in NSA scenario.
· The number for the requirements need further study
· The interruption depends on the UE architecture.
Interested companies are invited to investigate further details regarding the topics.
In this contribution, we continue the discussion about the open issues.
2 Discussion
2.1 TS 36.133 sections with no expected impact
As we already discussed in our last meeting contribution [2], we do not see any impact on sections 4, 5, 6, 10, 11, 12 and 13 due to the introduction of EN-DC. As there was no agreement on this in the last meeting, we will repeat the discussion about these sections here.
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 10
Section 10 contains LTE eNB measurement requirements. In our understanding, all those measurements are all LTE operation and have 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 1: There is no impact the following RRM requirements in supporting NSA
· Section 4, 5, 6, 10, 11, 12 and 13

2.2 TS 36.133 sections with expected impact
For sections 7, 8 and 9 we expect to see many impacts because of the addition of EN-DC support, and some of these impacts were already agreed to be included and discussed further in the WF. Here we continue the discussion about these sections.
Section 7
Section 7 contains a lot of RRM requirements, and as we already discussed in the last meeting in [2], some of the requirements are clearly related to LTE and can remain unchanged when introducing EN-DC. One part is the LTE UE timing related requirements, which are clearly not relevant with EN-DC support. Another part is the RLM requirements, which is also not going to be impacted by EN-DC 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.
Some requirements related to LTE DC will need updates when introducing EN-DC. In the following we discuss these requirements.
Interruption with DC
Interruption with DC includes interruption for PSCell addition/release, SCell (in SCG) addition/release and activation/deactivation, SCC (in SCG) measurement, independent DRX, and SRS switching. 
As the agreements also captured in the way forward state, interruption requirements are needed for EN-DC, and the existing LTE DC requirements can be used as baseline. 
For the same UE RF architecture between NR and LTE, we think most of the requirements can be reused. 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 the 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
As we already discussed in [2], PSCell addition and release delay requirements need to be updated to accommodate EN-DC. In the last meeting, it was agreed based on the discussion that NR cell search time can re-use the NR requirement, and delay uncertainty for PRACH on PSCell should be checked from NR PRACH design.
The current PSCell addition delay requirement for LTE DC is as below:
Upon receiving PSCell addition in subframe n, the UE shall be capable to transmit PRACH preamble towards PSCell no later than in subframe n+ Tconfig_ PSCell:
Where:
Tconfig_PSCell = 20ms + Tactivation_time + 50ms + TPCell_ DU + TPSCell_ DU
Tactivation_time is the NR PSCell activation delay. If the PSCell is known, then Tactivation_time is 20ms. If the PSCell is unknown, then Tactivation_time_EN-DC is 30ms provided the PSCell can be successfully detected on the first attempt.
TPCell_ DU is the delay uncertainty due to PCell PRACH preamble transmission. TPCell_ DU is up to 20ms if PSCell activation is interrupted by a PCell PRACH preamble transmission, otherwise it is 0.
TPSCell_ DU is the delay uncertainty in acquiring the first available PRACH occasion in the PSCell. TPSCell_ DUis up to 30ms.
The highlighted parts need to be checked when introducing EN-DC. Furthermore, we think that the validity of the 20 ms and 50 ms in the equation of Tconfig_PSCell should be checked for NR.
Proposal 2: 20 ms and 50 ms requirement in the equation of Tconfig_PSCell should be checked when defining NR PSCell addition delay requirement.
For clarity, we think best way to introduce this in the specification is to include a new section for NR PSCell addition in 36.133. In our accompanying paper [3] we have made a proposal of the additional section in a CR. 

Section 8
Section 8 includes the RRM measurement requirements for LTE. For MN to be able to configure measurement of NR to decide the PSCell and SCell addition/release in SN, Inter-RAT NR measurement requirements should be introduced in 36.133, as agreed in the WF. As captured in the WF, further analysis is needed on existing capability for measurement, and event triggering and reporting criteria should be revisited. 

Measurement capability 
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 in our accompanying paper [4]. The related agreements made for 38.133 should be reused in 36.133, but the total number of effective layers UE shall be able to measure should be discussed further. 
In the last meeting, we proposed a principle of defining the total number of effective layers with NR in [2]. As there were no agreements on how to define this, here we repeat the discussion.
In our view supporting EN-DC should not lead to a relaxation in the UE’s LTE capability in principle. With EN-DC 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 3: 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 performance
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-use 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. 
Proposal 4: 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.
Counting the measurement object
One new and special issue in the measurement for NSA is the consistent measurement object. As mentioned in RAN2 LS [5], 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. 
[bookmark: _Hlk490250433]Proposal 5: Consistent measurement object configured in both LTE side and NR side should be 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. It was already agreed in the WF, that measurement accuracy and report mapping for NR reference signals should be introduced in 36.133, and that this is done by referring to the requirements defined in 38.133.
3 Conclusions 
In this paper, we provided our views on impact to LTE RRM requirements in 36.133 in order to support EN-DC. We have the following proposals.
Proposal 1: There is no impact the following RRM requirements in supporting NSA
· Section 4, 5, 6, 10, 11, 12 and 13
Proposal 2: 20 ms and 50 ms requirement in the equation of Tconfig_PSCell should be checked when defining NR PSCell addition delay requirement.
Proposal 3: 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 4: 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.
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