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1 	Introduction
In the RAN4 #86 meeting, the way forward about the RRC re-establishment was agreed [1]. The proposed requirement structure is shown as follow. 
	· Proposal 1: The requirements for RRC connection re-establishment shall be specified for the NR target cell’s side conditions comparable to those for performing NR intra-frequency measurements.
· Proposal 2: The time to identify (Tsearch) a target NR cell in the requirements for RRC connection re-establishment consists of time to acquire physical cell ID (PCI) of the target cell i.e. PSS/SSS acquisition time.
· Proposal 3: The requirements for RRC connection re-establishment shall be specified for the cases when target NR cell is: known and unknown. 
· Proposal 4: RAN4 is to investigate cell search delays based on above proposals
· Note: The requirements for RRC re-establishment shall be specified provided corresponding procedure is specified in RAN2 specifications.  



In this paper, we will discuss the composition and requirement for RRC re-establishment for SA NR. We believe requirement can be defined in a way similar to LTE. However this needs to be reassessed once RAN2 has finalized the procedure. 
2 RRC Re-establishment Discussion
There are several reasons that will result in RRC re-establishment, such as Radio link failure, Handover failure, etc. If re-establishment occurs due to radio link failure (RLF), it may mean that UE is already losing track of the serving PCell/PSCell timing. Considering the SMTC offset configuration is based on the timing of PCell/PSCell. Once RLF happens, the reference timing from PCell/PSCell becomes unreliable, it is not guaranteed that UE can still detect the SSB even though the full SSB timing information (periodicity, offset, duration) of inter-frequency layers are provided. . 
The situation in NR is very different to LTE. In LTE, PSS and SSS are transmitted every 5ms. Therefore, even if UE is already out of synchronization with the PCell/PSCell, UE can still detect the PSS/SSS of neighbouring cells in other frequency layer in a very short time, given a certain side condition. However, in NR the SSB timing location is indicated through SSB periodicity, offset and duration. The periodicity could be as long as 160ms. After losing track with PCell/PSCell, the timing of UE starts drifting. The longer time UE cannot find a cell to calibrate its timing, the bigger timing drifting is expected. In the worst case, the total amount of timing drifting will make all SSB offset information become useless. In this situation, the UE has to start the initial cell search to find a suitable cell to camp. As a result, the requirement of RRC re-establishment needs to consider this situation.
[bookmark: _Ref513880707]Observation 1: When RLF happens, the serving cell timing could be unreliable such that the assistance information of SSB offset becomes useless. UE needs to start from initial cell search to find a suitable cell. 
[bookmark: _Ref513881503]Proposal 1: RAN4 to study the case in RRC re-establishment when UE is losing track with PCell/PSCell timing.

In the following, we discuss the RRC re-establishment requirement by assuming that UE still has an acceptable timing synchronization with PCell/PSCell.
3 RRC Re-establishment Requirement
To ensure good system performance and minimize the interruption caused by radio link failure, UE should find a suitable cell and re-establish connection as soon as possible. 
Similar to requirement in [2], in NR, the RRC re-establishment total delay (Tre-establish_delay) can be expressed as:
Tre-establish_delay = TUL_grant + TUE_re-establish_delay
TUL_grant: It is the time required to acquire and process uplink grant from the target cell. The uplink grant is required to transmit RRCConnectionReestablishmentRequest message.
In RAN4, we will focus on UE re-establishment delay time (TUE_re-establish_delay). From UE perspective, the underlying operation that needs to be conducted during RRC re-establishment Tre-establish_delay is shown in Figure 1.
[bookmark: _Ref510454577]Proposal 2: UE re-establishment delay time could be defined as TUE_re-establish_delay = Tmargin + Tsearch + TSI + TPRACH.


Figure 1. Overall RRC Re-establishment procedure from UE perspective
The requirement time in NR RRC connection re-establishment will depend on the SSB periodicity in target search cell. The UE needs SSB to conduct cell search, and receiving system information, etc. So each procedure requirement is basically based on SSB periodicity.
Tsearch
· Tsearch Definition
It is the time to acquire physical cell ID (PCI) of the target cell in one frequency layer and measure RSRP/RSRQ for evaluating S criteria. In last meeting, the newest agreement is that the requirements for RRC connection re-establishment shall be specified for the cases when target NR cell is: known and unknown. 
At first, we should clarifies UE’s behavior when target NR cell is known. In this case, what UE should do within Tsearch are tuning the AGC and executing RSRP or RSRQ measurement for cell selection S criteria. 
[bookmark: _Ref510454513]Observation 2: When target NR cell is known, what UE should do within Tsearch are tuning the AGC and RSRP/RSRQ measurement for evaluating S criteria.
[bookmark: _Ref510454594]Proposal 3: Tsearch is the time to acquire physical cell ID (PCI) of the target Cell in one frequency layer and measure RSRP/RSRQ for evaluating S criteria.
Tsearch = TAGC + TPSS/SSS-sync + Tmeas
where, TPSS/SSS-sync = 0 when cell is a known cell.
To trade-off the cell search timing and power consumption, it’s better to add a lower bound in the requirement similar as cell identification requirement in connected mode. In our opinion, the lower bounds 200ms and 800ms in intra-frequency measurement and PSS/SSS acquisition requirement is the reasonable values to be chosen as a lower bound in the delay requirement.
[bookmark: _Ref510454541]Observation 3: Similar to measurement procedure in connected mode, it’s reasonable to add 200ms and 800ms as a lower bound when target NR cell is known/unknown in RRC re-establishment requirement.
· Issues in AGC
In FR1, when target cell is an intra-frequency cell, UE doesn’t need to re-tune AGC, but the additional AGC tuning time should be considered when target cell is an inter-frequency cell. 
When inter-frequency cell is a known cell, the AGC tuning time could be small because UE has the history power information of this frequency. UE may only need one more SMTC periodicity for AGC tuning before cell search in this scenario.
While inter-frequency is an unknown cell, UE had no knowledge about this frequency. Because of the SSB-specific beamforming, the target cell’s received signal power could be very dynamic and independent for different SSBs. Therefore, UE cannot use the (n-1)th SSB to adjust AGC gain for the nth SSB in the same SSB burst. UE had to take three more SMTC periodicity for AGC tuning before cell search.
In FR2, considering Rx beam sweeping, AGC tuning will encounter more challenges and need more time.
[bookmark: _Ref510454650][bookmark: _GoBack]Proposal 4: In FR1, TAGC delay should consider 1 more SMTC periodicity when UE execute known inter-frequency cell search, and 3 more SMTC periodicity when UE execute unknown inter-frequency cell search. 
· Issue in Cell Search and Measurement
We have already discussed the PSS/SSS acquisition time and measurement time in NR RRC measurement procedure. From this point, we can re-use the requirement conclusion in RRC re-establishment cell search.  
[bookmark: _Ref510454656]Proposal 5: TPSS/SSS-sync, Tmeas time could re-use intra-frequency measurement requirement in connected mode, where TPSS/SSS-sync = [5 or 6] TSSB, Tmeas=5 TSSB.
· Issues in FR2
In FR2, considering Rx beam sweeping, UE will spend more cell search time than FR1. The UE cell search behaviour will be similar as intra-frequency cell search in connected mode. The search time requirement should consider the Rx beam number. 
[bookmark: _Ref510454665]Proposal 6: Tsearch delay should consider Rx beam sweeping time when monitored frequency belongs to FR2.
· Tsearch
Overall, after considering above factors in RRC re-establishment cell search delay, the UE shall be able to search the target cell within Tsearch as follow.
[bookmark: _Ref510454672]Proposal 7:  
Tsearch: It is the overall time of acquiring physical cell ID (PCI) of the target cell in NR frequencies.
Tsearch = 
Where, is the time to acquire physical cell ID (PCI) of the target cell in each NR frequency. 
When the target NR cell is known by the UE, 


M1, M2 = 5 +
When the target NR cell is unknown by the UE,
 

M3, M4 = [5, 6]+5+
where
· : It is the total number of NR frequencies to be searched for RRC re-establishment.
· Mj: the required sample number to identify a target NR cell.
· : the additional sample number to identify an inter-frequency NR cell because of AGC impact.  if the target cell is an intra-frequency cell;  if the target inter-frequency cell is known;  if the target inter-frequency cell is unknown.
TSI
After UE finds a target cell, generally, it needs to read necessary system information from target cell in order to access to the cell, e.g. contents in MIB, PRACH information for initial access, etc. Similar to LTE, it should consider to give the general definition in core requirement part, and define corresponding detail scenarios in test cases later. It prefers to re-use LTE requirement description to NR for TSI.

TPRACH
The delay due to waiting for occasion of the PRACH transmission occasion is up to the periodicity of PRACH transmission occasion. According to table 6.3.3.2-2 and table 6.3.3.2-3 for paired spectrum/supplementary uplink and unpaired spectrum respectively defined in TS 38.211[2], existing NR PRACH configurations allow PRACH to be transmitted once every 160 ms. Hence the worst case uncertainly due to PRACH occasion can be up to 170 ms regarding the uncertainty of one system frame.
[bookmark: _Ref510454766]Proposal 8: TPRACH is the additional uncertainty delay in acquiring the first available random access in the new cell; it will be up to 170 ms.
NOTE: The actual value of TPRACH shall depend upon the PRACH configuration used in the target cell.
4 Summary
In this paper, we propose the handover interruption requirement for SA NR.
Observation 1: When RLF happens, the serving cell timing could be unreliable such that the assistance information of SSB offset becomes useless. UE needs to start from initial cell search to find a suitable cell.
Observation 2: When target NR cell is known, what UE should do within Tsearch are tuning the AGC and RSRP/RSRQ measurement for evaluating S criteria.
Observation 3: Similar to measurement procedure in connected mode, it’s reasonable to add 200ms and 800ms as a lower bound when target NR cell is known/unknown in RRC re-establishment requirement.
Proposal 1: RAN4 to study the case in RRC re-establishment when UE is losing track with PCell/PSCell timing.
Proposal 2: UE re-establishment delay time could be defined as TUE_re-establish_delay = Tmargin + Tsearch + TSI + TPRACH.
Proposal 3: Tsearch is the time to acquire physical cell ID (PCI) of the target cell in one frequency layer and measure RSRP/RSRQ for evaluating S criteria.
Tsearch = TAGC + TPSS/SSS-sync + Tmeas
where, TPSS/SSS-sync = 0 when cell is a known cell.
Proposal 4: In FR1, TAGC delay should consider 1 more SMTC periodicity when UE execute known inter-frequency cell search, and 3 more SMTC periodicity when UE execute unknown inter-frequency cell search.
Proposal 5: TPSS/SSS-sync, Tmeas time could re-use intra-frequency measurement requirement in connected mode, where TPSS/SSS-sync = [5 or 6] TSSB, Tmeas=5 TSSB.
Proposal 6: Tsearch delay should consider Rx beam sweeping time when monitored frequency belongs to FR2.
Proposal 7: Tsearch: It is the overall time of acquiring physical cell ID (PCI) of the target cell in NR frequencies.
Tsearch = 
Where, is the time to acquire physical cell ID (PCI) of the target cell in each NR frequency. 
When the target NR cell is known by the UE, 


M1, M2 = 5 +
When the target NR cell is unknown by the UE,
 

M3, M4 = [5, 6]+5+
where
· : It is the total number of NR frequencies to be monitored for RRC re-establishment.
· Mj: the required sample number to identify a target NR cell.
: the additional sample number to identify an inter-frequency NR cell because of AGC impact.  if the target cell is an intra-frequency cell;  if the target inter-frequency cell is known;  if the target inter-frequency cell is unknown.
Proposal 8: TPRACH is the additional uncertainty delay in acquiring the first available random access in the new cell; it will be up to 170 ms.
NOTE: The actual value of TPRACH shall depend upon the PRACH configuration used in the target cell.
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