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1
Introduction
In RAN1meeting in Athens, RAN1 made additional progress regarding the SS burst periodicity for NR. Based on the decisions in the RAN#75 plenary and as discussed in [1] we will in this paper focus on the agreements for NSA. We analyse the latest RAN1 agreements and discuss, taking into account the NSA option 3 baseline, and see how this can be expected to lead to core and/or performance requirements for Connected mode to be developed in RAN4. 
2
Discussion
In the last RAN1 meeting in Athens some agreements were made concerning SS burst periodicity [2]:

· For detecting non-standalone NR cell, NR should support adaptation and network indication of SS burst set periodicity and information to derive measurement timing/duration (e.g., time window for NR-SS detection)
· For detecting non-standalone NR cell, network provides one SS burst set periodicity information per frequency carrier to UE and information to derive measurement timing/duration if possible
· In case that one SS burst set periodicity and one information regarding timing/duration are indicated, UE assumes the periodicity and timing/duration for all cells on the same carrier
· RAN1 recommends short measurement duration than configured periodicity e.g., 1, 5 or 10 ms
· Note that L1/L3 filtering across multiple periods is still allowed
· FFS more than one periodicity/timing/duration indication 
· NR should support set of SS burst set periodicity values for adaptation and network indication
· Candidate periodicity values to be evaluated are [20, 40, 80 and 160 ms]  
· FFS other values with consideration for functionalities provided by NR-SS in connected mode
· FFS whether to support NR-PBCH in non-standalone NR cell
NR NSA option3 means NR is used with Dual connectivity where the PCell is an LTE cell and the PSCell is an NR cell. Additionally, it can be expected that also Carrier Aggregation would need to be supported in NR as is known from LTE. Depending on whether RAN1 decides on supporting adaptive bandwidth (as discussed in the Athens meeting [3]), adaptive bandwidth would also need to be considered,
2.1 Basic framework
Based on the plenary decisions and [85] it is our view that the work focus in RAN4 should be placed on requirements which supports option 3 in which LTE eNB and gNB are assumed to have the role similar to MeNB (Master eNB) and SeNB (Secondary eNB) specified in TS 36.300, respectively.
This means that we can expect that UE will receive all necessary NR PSCell system information from the PCell. Additionally, the PSCell will be in activated state once it is configured and it cannot be deactivated. The detailed information received for the PCell is not clear as details are still discussed in RAN1 and RAN2. However, per the agreement in [2] it has been agreed that for detecting non-standalone NR cell, network provides one SS burst set periodicity information per frequency carrier to UE and information to derive measurement timing/duration if possible.

Observation 1: For detecting non-standalone NR cell, network provides one SS burst set periodicity information per frequency carrier to UE.

It can be assumed that this is the case for any NR carrier configured.

In addition, it must be expected that the configuration information received at the UE side for NSA operation will be sufficient for the UE to operate the NR cell(s) accordingly – e.g. as a PSCell.

2.2 Basic core requirements for NR
PSCell, when being configured, is always activated and cannot be deactivated. In LTE, the basic core requirements for the PSCell is based on normal serving cell requirements – and we see this as baseline to be used also in NR. I.e. RAN4 would need to define requirements for an NR ‘serving cell’ – which are based intra-frequency measurement requirements.
Observation 2: RAN4 at least needs to define Connected mode intra-frequency ‘serving cell’ requirements for NR.

It seems obvious that to have a functional system which enables efficient usage of NSA based on option 3, it would be necessary to require the UE to continue to detect and measure neighbor cells on the carrier on which the NR PSCell is configured. Therefore, we think it is necessary to define intra-frequency measurement requirements for NR in phase 1.
Proposal 1: RAN4 shall define Connected mode intra-frequency measurement core requirements for NR in phase 1.

This would mean that RAN4 should define requirements for cell detection and measurements for intra-frequency. RAN4 work would need to cover both core and performance requirements. The detailed work can be initiated once RAN1 has defined the physical layer details related to synchronization and RS details. However, it can be expected that RAN4 would need requirements like those known from legacy systems – i.e. RAN4 would on high level need to define at least:
· Intra-frequency NR cell detection delay
· Intra-frequency NR measurement period

RAN1 has also agreed earlier that the NR-SSS is used for mobility ‘SS-block-RSRP’:

· The following always-on signals are used for RRM measurement for L3 mobility in IDLE mode:

· NR synchronization signal, or
· For CONNECTED mode RRM measurement for L3 mobility, the following RS can be used if needed, in addition to IDLE mode RS:

· RSRP(s) can be measured from the IDLE mode RS. 

· One RSRP value is measured from the IDLE mode RS per SS block.

· The measured values are referred to “SS-block-RSRP”

While additional RS might also be defined for Connected mode:
· RSRP(s) can be measured from the additional RS for CONNECTED mobility if such additional RS are defined (note that this is not yet agreed in RAN1)

RAN1 has defined that the SS burst repetition can be varying and can defined and indicated by the network. As mentioned it can be assumed that for the NSA case this SS burst repetition period is known for the UE via signaling. The SS burst repetition period options are [20, 40, 80 and 160 ms]. How the SS burst periodicity potentially affects the NR cell detection performance requirements will have to studied when the final RAN1 design of the SS burst. However, RAN4 will need to take the different possible burst repetition periods into account already during the phase 1 requirements work.
Observation: SS Burst periodicity needs to be accounted in the NR phase 1 work.

Besides the SS burst periodicity also recommendations on the measurement duration was agreed in RAN1:

· RAN1 recommends short measurement duration than configured periodicity e.g., 1, 5 or 10 ms

Note that L1/L3 filtering across multiple periods is still allowed

The measurement period and latency is of course also a matter of the accuracy of the final measurements. Exact achievable accuracies and latencies would of course need to discussed based on simulations. 
Additionally, RAN4 would of course need to discuss lot of other details such as the number of cells the UE should be able to monitor. the number of measurements etc.
For NR RAN4 will also need to define beam related requirements. As discussed in our beam management discussion paper [4] there will be a number of possible new requirements for beam management.
2.3 NR requirements in existing 36.133
To enable monitoring of an NR carrier in LTE for the goal of configuring the NR cell as a PSCell, it is necessary to define requirements for inter-RAT measurements on an NR carrier while camped in LTE. 
Proposal 2: RAN4 shall define inter-RAT measurements for NR carrier in 36.133.

As the inter-RAT measurements are generic (and usage of the reported NR cells is for network decision) RAN4 will need to define generic inter-RAT measurements of an NR carrier.

As for legacy systems RAN4 would need to define both inter-RAT cell detection and measurement delay requirements followed by accuracy requirements. I.e. RAN4 would on high level need to define following in 36.133:
· Inter-RAT NR cell detection delay
· Inter-RAT NR measurement period

As for intra-RAT measurements RAN4 would need to discuss and decide on several additional requirements such as number of cells per NR inter-RAT carrier the UE shall be able to monitor, potentially also the number of beams per NR cell or NR carrier the UE shall be able to monitor etc.

Also for inter-RAT measurement on NR carrier RAN4 will need to define inter-RAT beam related requirements. As mentioned in the former section there will be several new requirements for beam management. However, it is open whether beam management measurement is to be performed on inter-RAT cells.
Proposal 3: RAN4 should discuss the need for beam management measurements on inter-RAT NR carrier.
As there will be high correlation between the NR intra-RAT requirements and the requirements for inter-RAT measurements on an NR carrier, our preference is to initially focus on the intra-frequency measurement requirements. Once the intra-frequency measurement core requirements are developed they can be used as baseline to develop the inter-RAT measurement requirements for an NR carrier.
Proposal 4: RAN4 will first develop NR intra-frequency requirements followed by inter-RAT requirements on NR carrier.

2.4 Additional requirements for both intra-frequency and inter-RAT
Common for both intra-frequency and inter-RAT measurement requirements will be that RAN4 will need to discuss the needed capacity related to the UE measurements capability like: 
· Number of intra-frequency NR cells to monitor
· Number of inter-RAT NR cells to monitor

· Number of inter-RAT carriers to be able to monitor

· Number of measurement samples per measurement period needs discussion

· Measurement metrics needs to be discussed

Once the core requirements are settled to some point RAN4 would need to work on the accuracies.
Proposal 5: RAN4 needs to decide on the number of intra-frequency NR cells to be monitored by the UE.
Proposal 6: RAN4 needs to decide on the number of inter-RAT NR cells to be monitored by the UE.

Proposal 7: RAN4 needs to decide on the number of inter-RAT NR carriers to be monitored by the UE.

2.5 Dual Connectivity related requirements
Due to phase 1 being based on NSA and option 3 RAN4 also need to discuss a few additional requirements. RAN4 need to discuss whether there is a need to define synchronization requirements for DC between LTE and NR. E.g. will there be synchronized and asynchronized DC? 

NR will support bands which offer the possibility of wideband operation. There are of course at least two ways to address this in practice – split the band into smaller pieces and aggregate a number of CC or, have wideband operation capable UE capable of operating over significantly wider bandwidth than known in LTE. 

It is assumed that the CA requirements for CA within LTE will remain unchanged. However, it needs to be discussed in RAN4 if requirements for CA within NR will be needed. Whether such discussion and requirements are needed in phase 1 is open and would also need discussion.

Proposal 8: RAN4 needs to clarify whether requirements for NR CA is part of phase 1. 

Alternatively, instead of using CA it is possible to use bandwidth adaptation to enable the flexibility to switch between wideband and more narrow band operation based on the needs. Whether requirements for bandwidth adaptation are needed in phase 1 is open and would also need more discussions.

Proposal 9: RAN4 needs to clarify whether requirements for NR bandwidth adaptation is part of phase 1.
Once these two questions have been clarified RAN4 can start to analyze the further detailed requirements concerning CA and BA. Discussions would likely be needed concerning latencies in terms of configuration (e.g. Adding SCell and SCell activation), requirements related to how to handle potential UE need for gaps, bandwidth re-tuning (as already discussed during bandwidth adaptation discussion in Athens) etc.

2.6 NR Random Access requirements

In LTE PSCell supports both contention based and non-contention based RA. It is assumed that NR PSCell will need to support similar options as in LTE

Proposal 10: RAN4 need to define NR random access requirements.

3
Conclusion
In this paper, we provide our views on NR RRM requirements to be defined for NR Connected mode in order to provide requirements for NR phase 1 based on NSA and option 3. Based on the discussion we find it natural to start with focus on NR intra-frequency requirements which can then be used as baseline for developing requirements for inter-RAT measurements on NR. We also shortly discuss several other requirements that needs further discussion in RAN4. 
For NR requirements for connected mode we propose:
Proposal 1: RAN4 shall define Connected mode intra-frequency measurement core requirements for NR in phase 1.

Proposal 2: RAN4 shall define inter-RAT measurements for NR carrier in 36.133.

Proposal 3: RAN4 should discuss the need for beam management measurements on inter-RAT NR carrier.
Proposal 4: RAN4 will first develop NR intra-frequency requirements followed by inter-RAT requirements on NR carrier.

Proposal 5: RAN4 needs to decide on the number of intra-frequency NR cells to be monitored by the UE.

Proposal 6: RAN4 needs to decide on the number of inter-RAT NR cells to be monitored by the UE.

Proposal 7: RAN4 needs to decide on the number of inter-RAT NR carriers to be monitored by the UE.

Proposal 8: RAN4 needs to clarify whether requirements for NR CA is part of phase 1. 

Proposal 9: RAN4 needs to clarify whether requirements for NR bandwidth adaptation is part of phase 1.
Proposal 10: RAN4 need to define NR random access requirements.
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