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1. Introduction

In the last Dec plenary meeting, NR-U was approved as a WI and the newest version of NR-U WID can be found in RP-190706 [1]. We can see that in the WID, objectives aim at specification of NR enhancements for a single global solution framework for access to unlicensed spectrum, including RAN4 part copied as below
	-
Core specifications for UE, gNB and RRM requirements [RAN4]: 

-
Specify new unlicensed band(s) for the 5 GHz and 6 GHz frequency ranges (see Note 1). The band(s) definition should include UL/DL operation.

-
Specify gNB and UE RF core requirements for the band(s) in the above frequency range,  including a limited set of example band combinations (see Note 2). 

-
Investigate the feasibility of increasing the number of usable PRBs for different numerologies and channel bandwidths in unlicensed bands, and if found feasible, specify such support.

- 
Specify RRM/RLM core requirements.

Note 1: The actual frequency range for specification can be further discussed based on regulatory updates in the US and Europe.

Note 2: The WI can be completed provided requirements for at least one band combination involving a new NR-U band is specified as long as it is in line with country-specific regulatory directives.


For RRM, it is very general description. Thus in this paper we provide initial discussions on the RRM impact from the NR-U work item and come up with a list of RRM requirements which may need to be specified following the experiences we had in LAA.
2. Discussion
2.1. Background of NR-U
For the background of NR-U, we can either refer to TR 38.889 [2] for the report of the study item or RP-190706 for the justification and objective descriptions of the work item. The most high-level motivation of the work item can be described as copied below from the WID,

	This work item will specify NR enhancements for a single global solution framework for access to unlicensed spectrum which enables operation of NR in the 5GHz and the 6GHz (e.g., US 5925 – 7125 MHz, or European 5925 – 6425 MHz, or parts thereof) unlicensed bands taking into account regional regulatory requirements. The core technology should be band agnostic as much as possible. To allow for an efficient design, the enhancements should reuse the features of NR as much as possible. Duplication of work done in other NR work items should be avoided.
In the 5 GHz band, the NR-U design should enable fair coexistence between already deployed Wi-Fi generations and NR-U, between NR-U and LTE-LAA, and between different NR-U systems. NR-U should not impact already deployed Wi-Fi generations more than an additional Wi-Fi network of the same generation on the same carrier. This should be ensured by following the recommendations on channel access in line with agreements from the NR-U study item (TR 38.889, Section 7.2.1.3.1).

In the 6 GHz band, the channel access mechanism for NR-U will use, at least, energy detection as part of the coexistence mechanism for enabling coexistence amongst RATs including at least NR-U, [LTE-LAA], and Wi-Fi. Extensions are to be discussed in line with the framework on channel access as captured in the TR 38.889, Section 7.2.1.2 (i.e., WiFi 11a/11ax preamble, existing NR signal with potential enhancements, existing NR channel with potential enhancements) and, if agreed, the corresponding 3GPP specification impact, if any, should be addressed. 




Also from the system point of view, the work item is aimed at supporting 5 scenarios:
· Scenario A: Carrier aggregation between licensed band NR (PCell) and NR-U (SCell). 
· NR-U SCell may have both DL and UL, or DL-only.

· In this scenario, NR PCell is connected to 5G-CN.

· Scenario B: Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)

· In this scenario, LTE PCell connected to EPC as higher priority than PCell connected to 5G-CN. 

· Scenario C: Stand-alone NR-U

· In this scenario, NR-U is connected to 5G-CN.

· Scenario D: A stand-alone NR cell in unlicensed band and UL in licensed band (single cell architecture).

· In this scenario, NR-U is connected to 5G-CN.

· Scenario E: Dual connectivity between licensed band NR and NR-U. 

· In this scenario, PCell is connected to 5G-CN.

To note that the difference between NR-U and LAA from the deployment perspective is that the NR-U supports stand-alone deployment while LAA does not.
Observation 1: Due to additional applicable deployment scenarios, NR-U may impose additional RRM requirement specification compared to LAA.

2.2. RRM requirements for NR-U
RAN4 specified a few years ago for LAA a series of RRM requirements in TS 36.133, both core and performance included. The list of mentioned requirements can be shown in the below table and from this table we can see the baseline for NR-U RRM requirements.
	#
	Name
	Description
	Note

	1
	RA
	Random access applicability on PCell or SCell
	Core

	2
	UL timing
	Numbers of supported SCells in pTAG and sTAG
	Core

	3
	RLM
	LBT is needed after T310 expiry
	Core

	4
	SCell activation
	Delay requirements are needed
	Core

	5
	Interruptions due to measurement on Unlicensed SCells
	Interruption requirements are needed
	Core

	6
	MTTD in CA with Unlicensed SCells
	Separate requirements are needed
	Core

	7
	DRS measurement delay
	Requirements are needed: RSRP/RSRQ/SINR
	Core

	8
	Channel occupancy measurement delay
	Requirements are needed
	Core

	9
	DRS measurement accuracy
	RSRP/RSRQ/SINR
	Perf

	10
	Channel occupancy measurement accuracy
	Requirements are needed
	Perf

	11
	Event triggered and reporting test cases for cell search and measurement
	Test cases are needed
	TC

	12
	SCell activation/deactivation test cases
	Test cases are needed
	TC

	13
	Interruption test cases due to measurement on SCell
	Test cases are needed
	TC

	14
	Measurement accuracy test cases
	Test cases are needed
	TC

	15
	Channel occupancy measurement test cases
	Test cases are needed
	TC


Beyond what has been listed above, due to additional scenarios e.g., standalone NR-U, we may need to have the additional RRM requirements specified as follows,
	#
	Name
	Description
	Note

	16
	IDLE/INACTIVE mode mobility
	Reselections
	Core

	17
	CONNECTED mobility
	Handovers, re-establishment, redirections
	Core

	18
	IDLE test cases
	Test cases are needed
	TC

	19
	Handover test cases
	Test cases are needed
	TC

	20
	Re-establishment test cases
	Test cases are needed
	TC

	21
	Redirection test cases
	Test cases are needed
	TC


What’s more to consider is that NR-U is based on NR physical layer design which means that we need to specify requirements due to NR physical design,
	#
	Name
	Description
	Note

	22
	BWP switch operations on unlicensed SCell
	Delay and interruption requirements are needed
	Core

	23
	Scheduling restriction due to DRS overlapping with gap
	RLM/measurement restrictions
	Core

	24
	Beam management
	L1 measurement and link recovery
	Core/perf

	25
	BWP switch test cases
	Test cases are needed
	TC

	26
	L1 RSRP test cases
	Test cases are needed
	TC


With the above tables, we have an initial vision on the RRM requirements that are needed to support NR-U. In the coming meetings, we encourage companies to contribute to the work item according to the lists identified. Further we think it would be efficient to have a work split even at a rather early stage, given that RAN4 is fully loaded in 2019.
3. Conclusion
In this paper we provide initial discussions on the RRM impact from the NR-U work item and come up with a list of RRM requirements which may need to be specified.
	#
	Name
	Description
	Note

	1
	RA
	Random access applicability on PCell or SCell
	Core

	2
	UL timing
	Numbers of supported SCells in pTAG and sTAG
	Core

	3
	RLM
	LBT is needed after T310 expiry
	Core

	4
	SCell activation
	Delay requirements are needed
	Core

	5
	Interruptions due to measurement on Unlicensed SCells
	Interruption requirements are needed
	Core

	6
	MTTD in CA with Unlicensed SCells
	Separate requirements are needed
	Core

	7
	DRS measurement delay
	Requirements are needed: RSRP/RSRQ/SINR
	Core

	8
	Channel occupancy measurement delay
	Requirements are needed
	Core

	9
	DRS measurement accuracy
	RSRP/RSRQ/SINR
	Perf

	10
	Channel occupancy measurement accuracy
	Requirements are needed
	Perf

	11
	Event triggered and reporting test cases for cell search and measurement
	Test cases are needed
	TC

	12
	SCell activation/deactivation test cases
	Test cases are needed
	TC

	13
	Interruption test cases due to measurement on SCell
	Test cases are needed
	TC

	14
	Measurement accuracy test cases
	Test cases are needed
	TC

	15
	Channel occupancy measurement test cases
	Test cases are needed
	TC

	16
	IDLE/INACTIVE mode mobility
	Reselections
	Core

	17
	CONNECTED mobility
	Handovers, re-establishment, redirections
	Core

	18
	IDLE test cases
	Test cases are needed
	TC

	19
	Handover test cases
	Test cases are needed
	TC

	20
	Re-establishment test cases
	Test cases are needed
	TC

	21
	Redirection test cases
	Test cases are needed
	TC

	22
	BWP switch operations on unlicensed SCell
	Delay and interruption requirements are needed
	Core

	23
	Scheduling restriction due to DRS overlapping with gap
	RLM/measurement restrictions
	Core

	24
	Beam management
	L1 measurement and link recovery
	Core/perf

	25
	BWP switch test cases
	Test cases are needed
	TC

	26
	L1 RSRP test cases
	Test cases are needed
	TC
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