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1. Introduction
In RAN #75 meeting, the WID of NR was approved in [1], the RRM specification related scopes are duplicated as below,

	·    Radio Resource Management
· Conducted RRM requirements for below 6GHz 
· Note: Conducted and/or OTA RRM requirements for between 6GHz and 24 GHz will be specified once bands within this range are introduced into WID
· OTA RRM requirements for above 24GHz
· Requirements for Non-Stand-alone operation
· Requirements related to following procedures are not included.
· Idle mode mobility 
· Requirements for Stand-alone operation
· OTA test aspect affecting UE RF, BS RF and RRM core requirements


And a new technical specification will be used for NR RRM,

	38.133
	TS
	Requirements for support of radio resource management
	TSG-RAN #79
	TSG-RAN #80
	Core part


In order to design the specification skeleton for NR RRM, it’s necessary to investigate the possible requirement dimensions or possibilities from the study item stage and WID scopes. Some of the dimensions of requirements might be reused from LTE, e.g. intra-frequency/inter-frequency/inter-RAT measurement, while some new dimensions might be introduced into TS38.133 for NR UE and network.

In this contribution, we discuss the possible dimensions which the RRM specification will be constructed based on, and a draft TS38.133 skeleton is proposed in [2].  
2. Possible dimensions to construct TS38.133 
2.1. Usage scenarios 
In [1], it was approved that the work item should specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low-latency-communication (URLLC) as defined in [TR38.913]. Since eMBB and URLLC has different requirement on the radio resource utilization, time delay, data rate and so on, it is feasible to divide TS38.133 into different requirement sections according to the usage scenario. 
It was also approved that the NR functionalities shall be forward compatible and allow for smooth introduction of additional technology components and support for new use cases. If the requirements in TS38.133 are categorized by different usage scenarios, then TS38.133 will also be forward compatible and will be easier to add new sections for new use cases. If some of the URLLC requirements are same as eMBB requirements, it can directly refer to the corresponding section in eMBB part.
Thus, we propose that,

Proposal 1: Requirements in TS38.133 can be categorized or organized by different use scenarios, i.e. eMBB and URLLC for R15, and it shall be the first-level directory.
2.2. UE states 
Similar to TS36.133 structure, the requirements of mobility are divided by different UE states: IDLE and RRC CONNECTED. For NR, since it will have three states (RRC_IDLE, RRC_CONNECTED and RRC_INACTIVE) supported by a NR UE, the mobility requirements can also be categorized under different UE states. However, in TS36.133, section 7(timing and signal characteristic), 8(measurement procedure) and 9(measurement performance requirement) are all actually requirements under RRC-CONNECTED, and we believe there is no any technical problem to include these sections under a section of RRC-CONNECTED mobility in TS38.133, which will be more readable.
Proposal 2: Requirements in TS38.133 can be categorized or organized by different UE states, i.e. RRC_IDLE, RRC_CONNECTED and RRC_INACTIVE, and it shall be the second-level directory.
2.3. Deployment 
Both Non-stand alone and Stand-alone operation are included in the NR WID, and for RRM specifications there are two sets of requirements:
· Requirements for Non-Stand-alone operation
· Requirements related to following procedures are not included.
· Idle mode mobility 
· Requirements for Stand-alone operation
The Non-Stand-Alone operation for NR is implemented by DC technology, and the scopes in WID is as below,

For Dual Connectivity options:

-
E-UTRA-NR DC via EPC where the E-UTRA is the master (Option 3/3a/3x in TR 38.801 section 10.1.2);
-
E-UTRA-NR DC via 5G-CN where the E-UTRA is the master (Option 7/7a/7x in TR 38.801 section 10.1.4);
-
NR-E-UTRA DC via 5G-CN where the NR is the master (Option 4/4A in TR 38.801 section 10.1.3).
-
Work on Option 4/4A will be started after the work on Option 2, 3 series and 7 series are completed.
Option 4 will be started after NSA option 3, NSA option 7 and SA option2. Since the RRM requirement might be different for SA and NSA operations, it’s necessary to divide the requirements into two groups: SA RRM requirement and NSA RRM requirement. Even though it is not explicitly indicated in WID of NR, RAN2 approved that NSA operation doesn’t support mobility of IDLE and INACTIVE states. Thus, only SA operation related requirement will be included in IDLE and INACTIVE mobility requirement sections, while both SA and NSA operations related requirements will be included in RRC_CONNECTED mobility requirement section.
Proposal 3: Requirements in TS38.133 can be categorized or organized by deployments, i.e. Stand-Alone, and Non-Stand-Alone, and it shall be the third-level directory.

Proposal 4: only SA operation related requirement will be included in IDLE and INACTIVE mobility requirement sections, while both SA and NSA operations related requirements will be included in RRC_CONNECTED mobility requirement section.

2.4. Measurement frequency 
Same as LTE, in NR RRM specification, it will also consider the intra-frequency/inter-frequency/inter-RAT mobility/measurement/accuracy requirements. For inter-RAT requirements, the scope only focus on NR and EUTRAN, which is approved in the WID as,

-
NR parts of inter-RAT mobility between NR and E-UTRA [RAN2, RAN3, RAN4, RAN1];
Proposal 5: Requirements in TS38.133 can be categorized or organized by intra-frequency/inter-frequency/inter-RAT cases, and inter-RAT requirement in TS38.133 R15 only focus on NR and E-UTRAN.

2.5. Beamforming 

The beamforming related measurements are studied in the NR SI and some of the study achievements were captured in TR38.803 as,

	The IDLE state in at least standalone NR involves at least the following UE procedures:

· Cell selection (including cell evaluation)

· Cell selection refers to initial detection of an NR cell during cell selection procedure (i.e., the UE is not yet camped on a cell), e.g. at power on, resulting in UE camping on the selected cell. To select a cell, the UE has to perform measurements and evaluate whether the cell is suitable for being selected.

· Cell reselection (including at least cell evaluation)

· UE which has been camping on a cell may reselect to another cell

· Cell identification (including at least cell detection)

· UE camping on a cell can perform cell identification.
For mobility, cell reselection and cell identifcation requirements will be specified.
In the CONNECTED state, UE mobility is supported based on DL cell-level and/or beam-level measurements. In multi-beam operation, beam-level measurements can be used to derive cell-level quality of the cell associated with the beams. In the CONNECTED state, the UE can perform:

· Cell identification, including at least cell detection

· Beam identification, performed in an  identified cell and included at least beam detection


In RRC_CONNECTED state, cell-level and/or beam-level measurements are supported, and therefore the requirements in TS38.133 can be divided into two sets of with/without beamforming.
Proposal 6: Requirements in TS38.133 can be categorized or organized by with/without beamforming.

2.6. Duplex mode 

Both TDD and FDD will be considered in the TS38.133 R15, and requirements can be divided into two sets of TDD and FDD. For the dynamic change of transmission direction as described in TR38.802, it depends on RAN1 discussion and can be added to TS38.133 if needed. 
	NR supports paired and unpaired spectrum and strives to maximize commonality between the technical solutions, allowing FDD operation on a paired spectrum, different transmission directions in either part of a paired spectrum, TDD operation on an unpaired spectrum where the transmission direction of time resources is not dynamically changed, and TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing. DL and UL transmission directions at least for data can be dynamically assigned on a per-slot basis at least in a TDM manner. It is noted that transmission directions include all of downlink, uplink, sidelink, and backhaul link. NR supports at least semi-statically assigned DL/UL transmission direction as gNB operation, i.e., the assigned DL/UL transmission direction can be signaled to UE by higher layer signaling. 


Proposal 7: Requirements in TS38.133 can be categorized or organized by FDD/TDD duplex modes.

2.7. DRX mode 

Same as LTE, the requirements shall be categorized by DRX and non-DRX mode.
Proposal 8: Requirements in TS38.133 can be categorized or organized by DRX and non-DRX modes.

2.8. Numerology and bandwidth 

The requirements for different numerologies and bandwidths will be considered in the RRM requirements, which is summarized in the TR38.803 as below,

	In NR, a UE may support a bandwidth which is less than the NR system bandwidth. In addition, for more capable devices which support at least the NR system bandwidth, bandwidth adaptation is being considered, whereby UEs may change operating bandwidth for balancing between power saving and scheduling purposes on a semi-static or dynamic basis.
In either case, the UE requirements should be developed assuming that UE performing RRM measurements over a bandwidth which is not more than the currently configured UE downlink operating bandwidth i.e. the UEs current operating radio link. 

RAN4 should investigate measurement gaps and if they are provided to allow bandwidth reconfiguration of the receiver.

In NR, a cell may operate with multiple OFDM numerologies simultaneously using either FDM or TDM techniques. NR UEs may support a subset of the numerologies which NR cells are currently operating with. In these cases, measurements may be performed only on resource elements which correspond to numerologies supported by the UE.


Since there might be multiple BW options and numerology options, it is feasible to specify the requirement for different combination of BW and numerologies in terms of table.

Proposal 9: Requirements in TS38.133 can be specified for different combination of BW and numerologies in terms of table.

2.9. Testing type

In WID of NR, it was approved that OTA test aspect affects UE RF, BS RF and RRM core requirements. The frequency range information for OTA and conducted RRM requirements is as below,
· Conducted RRM requirements for below 6GHz 
· Note: Conducted and/or OTA RRM requirements for between 6GHz and 24 GHz will be specified once bands within this range are introduced into WID
· OTA RRM requirements for above 24GHz
Proposal 10: Regarding RRM core and performance part between 6GHz and 24GHz, whether to use unified requirement or separated requirements for OTA and conducted types shall be further studied in RAN4.

2.10. Frequency range
Based on the NR SI and WID, three ranges of frequency were observed: below 6GHz, 6GHz-24GHz and 24GHz-52.6GHz. Since different frequency range may have difference physical waveforms, numerologies, testing types and so on, the requirements for different frequency range can also be reflected by using these different physical metrics. So the RRM requirement in TS38.133 shall be frequency range agnostic.
Proposal 11: The RRM requirement in TS38.133 shall be frequency range agnostic.

Based on the analysis of the above dimensions, a draft skeleton of RRM specification TS38.133 is provided in [2] 
3. Conclusions

In this contribution, we discuss the possible dimensions which the RRM specification will be constructed based on, and a draft TS38.133 skeleton is proposed in [2].  
Proposal 1: Requirements in TS38.133 can be categorized or organized by different use scenarios, i.e. eMBB and URLLC for R15, and it shall be the first-level directory.
Proposal 2: Requirements in TS38.133 can be categorized or organized by different UE states, i.e. RRC_IDLE, RRC_CONNECTED and RRC_INACTIVE, and it shall be the second-level directory.

Proposal 3: Requirements in TS38.133 can be categorized or organized by deployments, i.e. Stand-Alone, and Non-Stand-Alone, and it shall be the third-level directory.

Proposal 4: only SA operation related requirement will be included in IDLE and INACTIVE mobility requirement sections, while both SA and NSA operations related requirements will be included in RRC_CONNECTED mobility requirement section.

Proposal 5: Requirements in TS38.133 can be categorized or organized by intra-frequency/inter-frequency/inter-RAT cases, and inter-RAT requirement in TS38.133 R15 only focus on NR and E-UTRAN.

Proposal 6: Requirements in TS38.133 can be categorized or organized by with/without beamforming.

Proposal 7: Requirements in TS38.133 can be categorized or organized by FDD/TDD duplex modes.

Proposal 8: Requirements in TS38.133 can be categorized or organized by DRX and non-DRX modes.

Proposal 9: Requirements in TS38.133 can be specified for different combination of BW and numerologies in terms of table.

Proposal 10: Regarding RRM core and performance part between 6GHz and 24GHz, whether to use unified requirement or separated requirements for OTA and conducted types shall be further studied in RAN4.

Proposal 11: The RRM requirement in TS38.133 shall be frequency range agnostic.
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