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1 Introduction
In RAN plenary #84 meeting, it agreed on the new work item: NR RRM enhancement in R16. A subtopic is CGI reading requirements with autonomous gap.
	(1) CGI reading requirements with autonomous gap for NR capable UE 
· CGI reading for NR cell (NR capable UE in LTE SA, NR SA UE, EN-DC UE, NE-DC UE, and NR-DC)
· CGI reading for LTE cell (NR SA UE, EN-DC UE, NE-DC UE, and NR-DC UE)


In this paper, we will discuss the requirement of CGI reading for LTE/NR cell with autonomous gap.
2 Background
In the RAN4 #88 meeting, an LS reply about the CGI reading was sent to RAN2 [1]. The RAN4 reply LS are shown as follow. 
	On the questions 1 to 3, RAN4 provides the following answers:
Q 1: What is the value of T321 for Intra-NR ANR and Inter-RAT ANR with LTE in the following ANR measurement cases:
· UE served by LTE cell towards NR cell (with and without EN-DC configured)
· UE served by NR cell towards NR cell (with and without EN-DC configured)
· UE served by NR cell towards LTE cell (without EN-DC configured)
Answer to Q1: Proposed value of T321 for:
· UE served by LTE cell towards NR cell (with and without EN-DC configured): [2]s for FR1, [16]s for FR2
· UE served by NR cell towards NR cell (with and without EN-DC configured): [2]s for FR1, [16]s for FR2
· UE served by NR cell towards LTE cell (without EN-DC configured): is 1s
Note: When DRX on duration is overlapped (fully or partially) with SMTC occasion, RAN4 assumes that the UE may use SMTC occasions for measurement purposes rather than PBCH decoding for CGI determination. Hence it is not expected that the UE reports CGI in this scenario.
Q 2: Is it feasible to use autonomous gap for Intra-NR ANR and Inter-RAT ANR towards NR cell? 
Answer to Q2:  Since the autonomous gap mechanism for NR was not studied in detail in RAN4, based on LTE experience RAN4 didn’t identify critical functionality issues yet to use autonomous gap. However, RAN4 do not plan to study RRM requirements for this functionality in release 15.

Q 3. Is there a difference between FR1 and FR2 for ANR from RAN4 perspective? 
Answer to Q3: Considering the need of UE receiver beam sweeping, RAN4 defined different T321 for FR1 and FR2. In the future, requirements related to ANR for FR1 and FR2 may also be different.



In R15 requirement, a similar discussion of autonomous gap in RSTD measurement was approved. An NR-SA UE is able to use autonomous gap to read MIB and SIB of a target LTE cell. Requirements of ACk/NACK are now ready in TS38.133. In CGI reading for LTE cell with autonomous gap, it could follow the same requirement in RSTD. Therefore, we only need to focus on the case when the target cell is NR in the following sections.
[bookmark: _Ref20649905]Observation 1: The requirement for NR UE using autonomous gap to read MIB and SIB of a target LTE cell was already captured in RSTD chapter.
[bookmark: _Ref20836041]Proposal 1: In CGI reading for LTE cell with autonomous gap, it could follow the same requirement in RSTD.
In this paper, we will discuss the delay requirements for CGI reading for NR cell. At first, for autonomous gap based CGI reading, we’ll give a short review for legacy CGI reading requirement toward LTE cells. Next, the new UE behaviors for CGI reading towards NR cell are discussed and the overall delay is provided. The above discussion will focus on autonomous gap based CGI reading, with the extension to DRX based CGI reading addressed in the last section. 
3 CGI reading procedure in Legacy LTE
In legacy LTE, the CGI reading requirement is defined for UE identifying a new ECGI. When the UE is requested by the network for the purpose “handover”, it is allowed to use autonomous gap for acquisition of MIB and SIB1. 
In case the target cell is EUTRAN, the allowed time is 150ms after the reception of RRC message to the CGI report.
The 150ms delay is agreed [2] at least for:
· Twice AGC/AFC tuning. One is before MIB reading and the other is before SIB1 reading.
· When the UE first tunes to the target cell, it has to do AGC before it receives MIB. Especially considering the frequency error as, it should allow UE to use additional time for AFC acquisition. Considering UE has no information on MBSFN, one AGC/AFC tuning time is up to 5ms.
· MIB reading could use a DL 1.4MHz BW. After that, the UE has to retune its RF to a possible larger DL BW to receive SIB1 information. After retuning, a new time for AGC gain setting is needed. 
· 5 PBCH samples for MIB reading. 
· It is assumed that 3 samples with soft combing is enough for MIB reading. Since the SFN is unknown, UE may need 2 additional chances before managing decoding MIB.
· 4 samples for SIB1 reading. 
· Considering SFN is known from MIB reading, it is assumed that up to 4 samples for SIB1 reading is enough.
The length of each gap for MIB/SIB1 reading is 4ms, considering RF re-tuning, baseband processing and time misalignment between serving cell and target cell. For the interruption requirement, the lowest ACK/NACK number is 60.
[bookmark: _Ref517442722]Observation 2: Additional AGC/AFC tuning time durations before MIB and before SIB reading are considered in autonomous gap based CGI reading in legacy LTE.
4 Autonomous gap based CGI reading for NR cell
Before discussing details for each time unit, some general principles should be clarified first. 
SINR side condition
In legacy LTE, the CGI reading side condition for intra-frequency is -6dB and for inter-frequency is -4dB. It could be reasonable to re-use LTE CGI reading’s side condition as the baseline. 
[bookmark: _Ref521425445]Proposal 2: Re-use the SINR side condition of LTE for autonomous gap based CGI reading:
· For intra-frequency, Es/Iot = -[6]dB for both SSB and RMSI
· For inter-frequency, Es/Iot = -[4]dB for both SSB and RMSI

Known Cell or Unknown Cell
In RAN4 previous discussion, it considers different scenarios for Known or Unknown target Cell. In the requirements, additional delay for AGC retuning, Rx beam switch (in FR2) and cell search is allowed for Unknown Cell. The definition of known/unknown cell is whether the cell has been reported and keeps meeting the cell identification requirement during the last [5] seconds. 
In CGI reading, the procedure is a little different, the UE had already searched the cell and reported the measurements to the network. Thus, the additional delay for cell search does not need to be considered even in unknown cell. Whether to allow additional time for AGC and Rx beam switch (in FR2) still depends on the duration between the moment UE sending the last measurement report to the network and the moment UE receiving the reporting CGI request from the network.
[bookmark: _Ref20836048]Proposal 3: For CGI reading, UE may still need additional samples for AGC but not for cell search. RAN4 needs to discuss the definition of such a cell, e.g., Known cell with additional AGC retuning time or unknown cell without cell search time in FR1 and FR2.
In the following, we assume above SINR side condition and the target cell for both FR1 and FR2. We can further discuss the requirement for Known cell, if the Known cell definitions are later clarified in RAN4. 
In the general requirement framework, what UE needs to do in NR is not much different with that in LTE, e.g., MIB and SIB decoding. But Details could be different due to the new design in NR. In general, the overall CGI reading includes the following steps (as shown in Figure 1):
· AGC/AFC tuning before the first time receiving MIB
· MIB decoding
· AGC tuning before the first time receiving RMSI
· RMSI decoding
[image: ]
[bookmark: _Ref520794408]Figure 1. The overall CGI reading flow in the time domain
[bookmark: _Ref521425760]Proposal 4: The Delay of autonomous gap based CGI reading can be divided into the following time units


AGC/AFC tuning before the first time receiving MIB ()
For intra-frequency case, since the requirement of BS frequency error is specified as, some further timing and frequency synchronization for AFC may be needed. UE may also adjust its AGC in the same time. In summary, AGC tuning and AFC acquisition would need one additional SSB sample before MIB decoding for intra-frequency target cell. For inter-frequency target cell, UE needs more time to tuning AGC, which is agreed in previous RAN4 requirements.
[bookmark: _Ref521425782]Proposal 5: One and two additional SSB samples are needed for AGC/AFC tuning before MIB decoding for intra-frequency unknown cell and inter-frequency unknown cell, respectively.
MIB decoding ()
Here, the purpose of decoding MIB is to obtain the required information for RMSI. In this case, the signaling deriveSSB_IndexFromCell does not help. The requirement of MIB decoding in FR2 can directly re-use the conclusion of SBI acquisition in measurement requirement. For FR1 MIB decoding, it can use FR2 MIB decoding performance requirement as a starting point. It can be further revised based on aligned simulation results.
[bookmark: _Ref521425787]Proposal 6: The MIB decoding delay are [5] and when target cell belongs to FR1 and FR2 respectively, where N1=8 is the Rx beam sweeping factor,  is the SMTC periodicity of the carrier with target cell.
AGC tuning before the first time receiving RMSI ()
After MIB decoding, the UE will have the information for RMSI CORSET configuration. UE will execute RMSI decoding based on this information. Generally, a typical UE implementation is to use a narrow bandwidth to receive SSB and to decode MIB information. After that, the UE gets the initial active DL BWP with RMSI information (24, 48, 96 PRBs). In case the initial active DL BWP is far larger than SSB bandwidth (20PRBs), the UE has to retune its receiver to the initial active DL BWP. Besides PRB number, different SCSs between SSB and RMSI could be another factor leads to a different BW for RMSI reception, demanding UE to retune its RF BW. After retuning, a new AGC gain based on effective RMSI is needed because the RF is receiving over a wider spectrum and the characteristics may differ from the SSB bandwidth.
[bookmark: _Ref521425791]Proposal 7: The UE needs additional effective RMSI occasion(s) to retune AGC before RMSI decoding.
RMSI decoding()
The RAN1’s agreement for RMSI is shown as follow.
	RAN1 #90bis Agreements:
· RMSI TTI is 160ms from RAN1 perspective
RAN1 #91 Agreements:
· When the SS/PBCH blocks and corresponding RMSI CORESETs occur in different time instances,
· The UE assumes that the RMSI CORESET monitoring window corresponding to an SS/PBCH block in the radio frame satisfies the condition mod(SFN,2)=0
· Note: RMSI scheduling periodicity is up to gNB implementation
· In Rel-15, NR does not support RMSI search space sets configuration where the SS/PBCH blocks and corresponding RMSI search space sets occur in the same time instances if the carrier frequency is lower than 6GHz.



Considering the agreement from RAN1, the RMSI TTI is 160ms. The challenge for RMSI decoding compared to MIB decoding is that RMSI scheduling periodicity is up to gNB implementation based on the RAN1 agreement. The periodicity and offset are not known to UE. Note that this also has the impact to the time needed in AGC for RMSI.
[bookmark: _Ref521425795]Proposal 8: The RMSI decoding delay is [Y1], where  is the RMSI scheduling periodicity based on gNB implementation, Y1 is the required sample number for successfully decoding RMSI.
Once the UE has no prior information about the RMSI scheduling periodicity and offset, UE may failed to decode RMSI because the network actually doesn’t send RMSI in the slot that UE tried to decode. To overcome this problem, the UE had to interrupt the serving cell receiving to try the RMSI receiving for all the possible RMSI positions based on the minimum RMSI scheduling periodicity. For example, we assume UE needs to try 3 attempts in order to successfully decode the RMSI. The network schedules the RMSI based on 40ms periodicity, but UE has no prior information. UE had to interrupt the serving cell by the autonomous gap with a 20ms periodicity. In this case, 6 autonomous gap interruption are required even if UE really needs only 3 samples.


[bookmark: _Ref521425805]Proposal 9: The UE’s interruption for RMSI decoding is based on minimum RMSI scheduling periodicity 20ms. 
Overall Delay ()
The exact delay for autonomous gap based CGI reading depends on how many trails to truly decoding MIB and RMSI. 
[bookmark: _Ref521425809]Proposal 10: The overall autonomous gap delay should be at least:
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	Note 1:  is the STMC periodicity of the carrier with target cell.
Note 2: is the RMSI scheduling periodicity based on gNB implementation.
Note 3: 


There are lots of scenarios for CGI reading based on SMTC periodicity and RMSI periodicity. For simplicity, it’s better to use the worst case to define the overall delay for CGI reading. The worst case in CGI reading comes when both of the SMTC periodicity and RMSI periodicity are 160ms. In FR1, if we use legacy LTE SIB1 reading times Y1=4 as a baseline, it could deduce that overall delay for CGI reading is (2+5+1+4)=12. The baseline overall delay for FR1 would be: 12*160ms = 1920ms.
[bookmark: _Ref521425828]Proposal 11: It is suggested the basic identify CGI time value for autonomous gap is [2s] in FR1. 
In FR2, if we use N1 equals 8 as a baseline, it could deduce that the overall delay for CGI reading is 8*(2+5+1+4) = 96  for detecting SSB and RMSI. The baseline overall delay for FR2 would be: 8*12*160ms = 15360ms. 
[bookmark: _Ref521425834]Proposal 12: It is suggested the basic identify CGI time value for autonomous gap is [16s] in FR2.
5 Summary
In this paper, we propose the CGI reading requirement for NR SA toward NR cell. In our opinion, the CGI reading requirement will only depend on the target cell’s delay requirement.
Observation 1: The requirement for NR UE using autonomous gap to read MIB and SIB of a target LTE cell was already captured in RSTD chapter.
Observation 2: Additional AGC/AFC tuning time durations before MIB and before SIB reading are considered in autonomous gap based CGI reading in legacy LTE.
Proposal 1: In CGI reading for LTE cell with autonomous gap, it could follow the same requirement in RSTD.
Proposal 2: Re-use the SINR side condition of LTE for autonomous gap based CGI reading
· For intra-frequency, Es/Iot = -[6]dB for both SSB and RMSI
· For inter-frequency, Es/Iot = -[4]dB for both SSB and RMSI
Proposal 3: For CGI reading, UE may still need additional samples for AGC but not for cell search. RAN4 needs to discuss the definition of such a cell, e.g., Known cell with additional AGC retuning time or unknown cell without cell search time in FR1 and FR2.
Proposal 4: The Delay of autonomous gap based CGI reading can be divided into the following time units

Proposal 5: One and two additional SSB samples are needed for AGC/AFC tuning before MIB decoding for intra-frequency unknown cell and inter-frequency unknown cell, respectively.
Proposal 6: The MIB decoding delay are [5] and when target cell belongs to FR1 and FR2 respectively, where N1=8 is the Rx beam sweeping factor,  is the SMTC periodicity of the carrier with target cell.
Proposal 7: The UE needs additional effective RMSI occasion(s) to retune AGC before RMSI decoding.
Proposal 8: The RMSI decoding delay is [Y1], where  is the RMSI scheduling periodicity based on gNB implementation, Y1 is the required sample number for successfully decoding RMSI.
Proposal 9: The UE’s interruption for RMSI decoding is based on minimum RMSI scheduling periodicity 20ms.
Proposal 10: The overall autonomous gap delay should be at least: 
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	Note 1:  is the STMC periodicity of the carrier with target cell.
Note 2: is the RMSI scheduling periodicity based on gNB implementation.
Note 3: 


Proposal 11: It is suggested the basic identify CGI time value for autonomous gap is [2s] in FR1.
Proposal 12: It is suggested the basic identify CGI time value for autonomous gap is [16s] in FR2.
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