3GPP TSG-RAN WG4 Meeting #92	R4-1908492
Ljubljana, Slovenia, 26 – 30 August, 2019


Agenda item:	9.1.5.3
Source: 	Qualcomm Incorporated
Title: 	On RRC Connection Mobility Control Requirements for NR-U
Document for:	Discussion
Introduction
In RAN4#91 meeting, a Way Forward on RRM requirements for NR-U was approved which summarized the impact of NR-U carriers in PCell, PSCell, and Scell on existing core requirements [1]. In this paper, we present our preliminary assessment of operation in unlicensed band on RRC connection mobility control requirements.  
Discussion
Our general observation and discussion paper on NR-U requirements can be found in [2]. Based on [2], the RRC connection mobility control requirements in NR-U are discussed in more detail in the following. 
RRC Re-establishment Requirements:
In NR-U Scenario C, UE can be configured with Nfreq layers in the NR licensed frequencies and Nfreq2 layers in the NR unlicensed frequencies such that Nfreq + Nfreq2 does not exceed the UE capability. 
Observation 1. In NR-U Scenario C, UE can be configured with Nfreq layers in the NR licensed frequencies and Nfreq2 layers in the NR unlicensed frequencies such that Nfreq + Nfreq2 does not exceed the UE capability. 
As such, similar to existing specifications, in RRC connected mode the UE shall be capable of sending RRCReestablishmentRequest message within Tre-establish_delay seconds from the moment it detects a loss in RRC connection. The total RRC connection delay (Tre-establish_delay) shall be less than:

Where TUL_grant is the time required to acquire and process uplink grant from the target PCell. The uplink grant is required to transmit RRCReestablishmentRequest message. If re-establishment occurs in a licensed frequency, it follows the existing requirements and definition. Otherwise, this delay includes delay related to channel access failure.
Proposal 1. If re-establishment occurs in a licensed frequency, TUL_grant follows the existing requirements and definition. Otherwise, this delay includes delay related to channel access failure.
The UE re-establishment delay (TUE_re-establish_delay) is specified below.
The UE re-establishment delay (TUE_re-establish_delay) is the time between the moments when any of the conditions requiring RRC re-establishment as defined in clause 5.3.7 in TS 38.331 [2] is detected by the UE and when the UE sends PRACH to the target PCell. The UE re-establishment delay (TUE_re-establish_delay) requirement shall be less than:

Tidentify_intra_NR_U is the time to identify the target intra-frequency NR-U cell and it depends on whether the target NR-U cell is known cell or unknown cell. If the UE is not configured with intra-frequency NR-U carrier for RRC re-establishment then Tidentify_intra_NR_U=0; otherwise Tidentify_intra_NR shall not exceed the values defined in Table 6.2.1.2.1-x below.
Tidentify_inter_NR_U_,i: It is the time to identify the target inter-frequency NR-U cell on inter-frequency carrier i configured for RRC re-establishment and it depends on whether the target NR-U cell is known cell or unknown cell. Tidentify_inter_NR,U_i shall not exceed the values defined in Table 6.2.1.2.1-y below.
TDMTC: It is the periodicity of the DMTC occasion configured for the intra-frequency carrier.
TDMTC,i: It is the periodicity of the DMTC occasion configured for the inter-frequency carrier i. If it is not configured, the UE may assume that the target DRS periodicity is no larger than min TBD value (pending agreements in other RAN working groups).
TSI-NR  is the time required for receiving all the relevant system information according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 38.331 [2] for the target cell. If re-establishment occurs in a licensed NR cell, existing NR requirements apply. Otherwise, TSI-NR  is the SI acquisition time in NR-U which includes the delay related to channel access failure.
TPRACH  is the delay caused due to the random access procedure when sending random access to the target NR-U cell. The delay depends on the PRACH configuration defined in Table 6.3.3.2-2 [6] or Table 6.3.3.2-3 [6] for FR1 if re-establishment occurs in licensed frequency. Otherwise, TPRACH includes the delay related to channel access failure as discussed in [3]. 
Proposal 2. The UE re-establishment delay (TUE_re-establish_delay) is the time between the moments when any of the conditions requiring RRC re-establishment as defined in clause 5.3.7 in TS 38.331 [2] is detected by the UE and when the UE sends PRACH to the target PCell. The UE re-establishment delay (TUE_re-establish_delay) requirement shall be less than:

Tidentify_intra_NR_U is the time to identify the target intra-frequency NR-U cell and it depends on whether the target NR-U cell is known cell or unknown cell. If the UE is not configured with intra-frequency NR-U carrier for RRC re-establishment then Tidentify_intra_NR_U=0; otherwise Tidentify_intra_NR shall not exceed the values defined in Table 6.2.1.2.1-x below.
Tidentify_inter_NR_U_,i: It is the time to identify the target inter-frequency NR-U cell on inter-frequency carrier i configured for RRC re-establishment and it depends on whether the target NR-U cell is known cell or unknown cell. Tidentify_inter_NR,U_i shall not exceed the values defined in Table 6.2.1.2.1-y below.
TDMTC: It is the periodicity of the DMTC occasion configured for the intra-frequency carrier.
TDMTC,i: It is the periodicity of the DMTC occasion configured for the inter-frequency carrier i. If it is not configured, the UE may assume that the target DRS periodicity is no larger than min TBD value (pending agreements in other RAN working groups).
TSI-NR  is the time required for receiving all the relevant system information according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 38.331 [2] for the target cell. If re-establishment occurs in a licensed NR cell, existing NR requirements apply. Otherwise, TSI-NR  is the SI acquisition time in NR-U which includes the delay related to channel access failure.
TPRACH  is the delay caused due to the random access procedure when sending random access to the target NR-U cell. The delay depends on the PRACH configuration defined in Table 6.3.3.2-2 [6] or Table 6.3.3.2-3 [6] for FR1 if re-establishment occurs in licensed frequency. Otherwise, TPRACH includes the delay related to channel access failure as discussed in [3]. 
There is no requirement if the target cell does not contain the UE context. In the requirement defined in the below tables, the target FR1 cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown.
Proposal 3. Time to identify target NR-U intra-frequency and inter-frequency cells to be as in Table 6.2.1.2.1-x and 6.2.1.2.1-y. RAN4 to consider capping the Tidentify_intra_NR_U and Tidentify_inter_NR_U, I to suitable max value(s). 
Table 6.2.1.2.1-x: Time to identify target NR-U cell for RRC connection re-establishment to NR-U intra-frequency cell
	Serving cell SSB Ês/Iot (dB)
	Frequency range (FR) of target NR cell
	Tidentify_intra_NR_U [ms]

	
	
	Known NR-U cell
	Unknown NR-U cell

	≥ [-8]
	FR1
	MAX (200 ms, ([5] + L) x TDMTC)
	MAX (800 ms, ([10] + L) x TDMTC)

	< [-8]
	FR1
	N/A
	800Note1

	Note 1:	The UE is not required to successfully identify a cell on any NR-U frequency layer when TDMTC > TBD and serving cell SSB Ês/Iot < [-8] dB. 
L is the number of DRX cycles in which DRS is not available due to LBT.



Table 6.2.1.2.1-y: Time to identify target NR-U cell for RRC connection re-establishment to NR-U inter-frequency cell
	Serving cell SSB Ês/Iot (dB)
	Frequency range (FR) of target NR cell
	Tidentify_inter_NR_U, i [ms]

	
	
	Known NR-U cell
	Unknown NR-U cell

	≥ [-8]
	FR1
	MAX (200 ms, ([6] + L) x TDMTC, i)
	MAX (800 ms, ([13] + L) x TDMTC, i)

	< [-8]
	FR1
	N/A
	800Note1

	Note 1:	The UE is not required to successfully identify a cell on any NR-U frequency layer when TDMTC,i > TBD and serving cell SSB Ês/Iot < [-8] dB.
L is the number of DRX cycles in which DRS is not available due to LBT.




Conclusions
Observation 1. In NR-U Scenario C, UE can be configured with Nfreq layers in the NR licensed frequencies and Nfreq2 layers in the NR unlicensed frequencies such that Nfreq + Nfreq2 does not exceed the UE capability. 
Proposal 1. If re-establishment occurs in a licensed frequency, TUL_grant follows the existing requirements and definition. Otherwise, this delay includes delay related to channel access failure.
Proposal 2. The UE re-establishment delay (TUE_re-establish_delay) is the time between the moments when any of the conditions requiring RRC re-establishment as defined in clause 5.3.7 in TS 38.331 [2] is detected by the UE and when the UE sends PRACH to the target PCell. The UE re-establishment delay (TUE_re-establish_delay) requirement shall be less than:

Tidentify_intra_NR_U is the time to identify the target intra-frequency NR-U cell and it depends on whether the target NR-U cell is known cell or unknown cell. If the UE is not configured with intra-frequency NR-U carrier for RRC re-establishment then Tidentify_intra_NR_U=0; otherwise Tidentify_intra_NR shall not exceed the values defined in Table 6.2.1.2.1-x below.
Tidentify_inter_NR_U_,i: It is the time to identify the target inter-frequency NR-U cell on inter-frequency carrier i configured for RRC re-establishment and it depends on whether the target NR-U cell is known cell or unknown cell. Tidentify_inter_NR,U_i shall not exceed the values defined in Table 6.2.1.2.1-y below.
TDMTC: It is the periodicity of the DMTC occasion configured for the intra-frequency carrier.
TDMTC,i: It is the periodicity of the DMTC occasion configured for the inter-frequency carrier i. If it is not configured, the UE may assume that the target DRS periodicity is no larger than min TBD value (pending agreements in other RAN working groups).
TSI-NR  is the time required for receiving all the relevant system information according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 38.331 [2] for the target cell. If re-establishment occurs in a licensed NR cell, existing NR requirements apply. Otherwise, TSI-NR  is the SI acquisition time in NR-U which includes the delay related to channel access failure.
TPRACH  is the delay caused due to the random access procedure when sending random access to the target NR-U cell. The delay depends on the PRACH configuration defined in Table 6.3.3.2-2 [6] or Table 6.3.3.2-3 [6] for FR1 if re-establishment occurs in licensed frequency. Otherwise, TPRACH includes the delay related to channel access failure as discussed in [3]. 

Proposal 3. Time to identify target NR-U intra-frequency and inter-frequency cells to be as in Table 6.2.1.2.1-x and 6.2.1.2.1-y. RAN4 to consider capping the Tidentify_intra_NR_U and Tidentify_inter_NR_U, I to suitable max value(s). 
Table 6.2.1.2.1-x: Time to identify target NR-U cell for RRC connection re-establishment to NR-U intra-frequency cell
	Serving cell SSB Ês/Iot (dB)
	Frequency range (FR) of target NR cell
	Tidentify_intra_NR_U [ms]

	
	
	Known NR-U cell
	Unknown NR-U cell

	≥ [-8]
	FR1
	MAX (200 ms, ([5] + L) x TDMTC)
	MAX (800 ms, ([10] + L) x TDMTC)

	< [-8]
	FR1
	N/A
	800Note1

	Note 1:	The UE is not required to successfully identify a cell on any NR-U frequency layer when TDMTC > TBD and serving cell SSB Ês/Iot < [-8] dB. 
L is the number of DRX cycles in which DRS is not available due to LBT.



Table 6.2.1.2.1-y: Time to identify target NR-U cell for RRC connection re-establishment to NR-U inter-frequency cell
	Serving cell SSB Ês/Iot (dB)
	Frequency range (FR) of target NR cell
	Tidentify_inter_NR_U, i [ms]

	
	
	Known NR-U cell
	Unknown NR-U cell

	≥ [-8]
	FR1
	MAX (200 ms, ([6] + L) x TDMTC, i)
	MAX (800 ms, ([13] + L) x TDMTC, i)

	< [-8]
	FR1
	N/A
	800Note1

	Note 1:	The UE is not required to successfully identify a cell on any NR-U frequency layer when TDMTC,i > TBD and serving cell SSB Ês/Iot < [-8] dB.
L is the number of DRX cycles in which DRS is not available due to LBT.
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