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1 Introduction
In last meeting, a WF of CGI reading has been agreed [1]. The remaining issues are captured as follow. 
	(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. 
	· MIB decoding delay in FR2
· Whether beam switching is needed
· AGC/AFC for MIB decoding 
· Option 1: AGC/AFC is needed
· Option 2: not needed.
· Beam sweeping needed for SIB1 decoding in FR2
· Tentative agreement: Rx beam sweeping is not needed for SIB1 decoding.
· AGC for SIB1 decoding
· Option 1: AGC is needed
· Option 2: not needed.
· Conditions for known/unknown cell 
· Interruptions during MIB decoding
· Option 1: 4 symbols + 2*RF tuning time during each autonomous gap
· FFS on additional margin for async case
· FFS the side condition to guarantee that the same SSB can be used by UE for the whole delay
· Interruptions during SIB1 decoding
· Interruption length
· Option 1 
· Each autonomous gap for SIB1 decoding with multiplexing pattern 1 is 2 slots + 2*RF tuning time.
· Each autonomous gap for SIB1 decoding with multiplexing pattern 2/3 is 1 slot + 2*RF tuning time.
· Option 2
· RAN4 discusses from an interruption perspective whether the UE waits until it can guarantee NSIB1 attempts from the same TTI(minimizes interruptions), or follows the same approach as LTE CGI reading and starts SIB1 decoding at any point in the TTI (minimizes best case delay but tail latency needs to be accounted for in interruptions)
· Option 3
· The length of each autonomous gap should include
· twice the RF re-tuning time, the duration of PDCCH and PDSCH for RMSI, and the margin for the receive time difference between the serving cell and the target cell
· FFS on additional margin for async case
· FFS the side condition to guarantee that the same RMSI can be used by UE for the whole delay




In this paper, we will continue to discuss the requirements for CGI reading for NR cell. 
3 RAN2 Impact
Currently, RAN2 does not have the procedure to trigger the CGI reading using “autonomous gap” in R15 NR SA. Naturally, before agreed the CGI reading requirement in NR SA, RAN4 should further check RAN2’s progress whether to introduce the CGI reading procedure with autonomous gap in NR SA.
[bookmark: _Ref23599991]Proposal 1: RAN4 should further check whether RAN2 will define the procedure for CGI reading with “autonomous gap” in R16 NR SA.
4 Autonomous gap based CGI reading for NR cell
Known Cell Definition
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.
UE assumes the DMRS of NR-PDCCH transmitted in the CORESET for RMSI and the DMRS of NR-PDSCH for RMSI is QCLed with the corresponding SSB. The network doesn’t need the TCI signalling to indicate the QCLed relation between RMSI with SSB. The definition of known condition for CGI reading could refer on the agreed structure in SCell activation as follow.
[bookmark: _Ref23599996]Proposal 2: For the target CGI reading in FR2 bands, the CGI reading is under the known condition if it has been meeting the following conditions:
-	During the period equals to [X ms] from the last transmission of the SSB used for L3-RSRP report to UE receives the target CGI reading command,
-	the UE has sent a valid L3-RSRP measurement report with SSB index 
-	During the period from UE sends a valid L3-RSRP reporting to UE repots a valid CGI,
-	the SSBs used for L3-RSRP report remain detectable according to the cell identification conditions specified in clauses 9.2 and 9.3
-	the MIB information contained in the SSB used for L3-RSRP report remains decodable with the SNR ≥ [-3]dB
-	the RMSI CORSETs associated with the SSB used for L3-RSRP report remain detectable with the SNR ≥ [-3]dB
In the following, we assume above SINR side condition and the target cell for both FR1 and FR2. We can further discuss the requirement. 
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, such as Rx beam sweeping in FR2. In general, the overall CGI reading includes the following steps (as shown in Figure 1):
· AGC/AFC tuning before the first time receiving MIB
· Rx beam sweeping
· MIB decoding
· RMSI decoding
[image: ]
[bookmark: _Ref520794408]Figure 1. The overall CGI reading flow in the time domain
[bookmark: _Ref521425760]Proposal 3: 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 FR1 intra-frequency, no additional AGC retuning time is needed because the UE has already retuning the AGC for serving cell.
For FR1 inter-frequency known CGI reading, UE could have some prior knowledge for AGC because UE has measured the SSBs and reported its RSRP. But if the time period for known definition between the last SSB resources for L3-RSRP report to UE receiving the target CGI reading command is larger than the time duration for maintaining the effective AGC information by UE, an additional 1 shot AGC retuning time is needed.
For FR1 inter-frequency unknown CGI reading, UE needs additional time for AGC retuning because UE didn’t have any prior power knowledge for AGC. Similarly as Handover requirement, 2 will be needed.
[bookmark: _Ref23868028]Proposal 4: In FR1,
          -  for intra-frequency CGI reading,
          -  for inter-frequency known CGI reading,
          -  for inter-frequency unknown CGI reading. 
Where,  is the SMTC periodicity of the carrier with target cell.
For FR2 intra-frequency and inter-frequency known cell, if the time period for known definition between the last SSB resources for L3-RSRP report to UE receiving the target CGI reading command is larger than the time duration for maintaining the effective Rx beam information by UE, the UE may lost the prior knowledge to choose which Rx beam to receive the neighbor cell signal. Additional Rx beam sweeping with AGC retuning should be considered. 
For FR2 intra-frequency unknown cell, the UE needs additional time for Rx beam training because UE didn’t have any prior power knowledge on which Rx beam for the target neighbor cell.
For FR2 inter-frequency unknown cell, the target cell’s received signal power could be very dynamic. Thus, the Rx beam sweeping with AGC retuning needs more time in inter-frequency. Similarly requirement was already captured in Handover chapter. We can re-use the handover FR2 requirement as here.
[bookmark: _Ref521425782]Proposal 5: In FR2,
          -  for intra-frequency CGI reading,
          -  for inter-frequency known CGI reading, 
          - for inter-frequency unknown CGI reading.
Where,  is the SMTC periodicity of the carrier with target cell.
MIB decoding ()
For FR1 MIB decoding, it has already agreed to re-use FR2 MIB decoding performance requirement as 5. The Rx beam sweeping can be captured in AGC retuning. After UE finished the Rx beam sweeping and chose the same Rx beam to decode the MIB and SIB information, the MIB decoding delay for FR2 can be use the same value as FR1 when the UE can be guaranteed to use the same Rx spatial filter to finish MIB decoding in FR2.
[bookmark: _Ref521425787]Proposal 6: When the UE can be guaranteed to use the same Rx spatial filter to finish MIB decoding in FR2, the MIB decoding delay are [5] for both FR1 and FR2, where  is the SMTC periodicity of the carrier with target cell.
When the interruption duration is defined as 4 symbols + 2*RF tuning time during each autonomous gap, the key point is that the side condition for SSB detection should be guaranteed so that the SSB with the same index can be used by UE for the whole CGI reading procedure. Otherwise, UE has to try a different SBI. The potential SNR side condition for SSB detection could be -3dB.
[bookmark: _Ref23600047]Proposal 7: To guarantee the SSB with the same index can be detected during the whole CGI reading, the potential SNR side condition could be [-3dB]. 
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.
[bookmark: _Ref23600055]Proposal 9: When the UE can be guaranteed to use the same Rx spatial filter to finish RMSI decoding in FR2, the RMSI decoding delay can be the same for both FR1 and FR2.
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 10: The UE’s interruption for RMSI decoding should base on minimum RMSI scheduling periodicity 20ms. It means it should count 8 interruption occasion in each 160ms RMSI periodicity.
When the interruption duration is defined as the duration of PDCCH and PDSCH for RMSI + 2*RF tuning time during each autonomous gap, the key point is that the side condition for RMSI detection should be guaranteed so that the RMSI with the same SSB reporting index can be used by UE for the whole CGI reading procedure. Otherwise, UE has to try a different SSB and RMSI. The potential SNR side condition for RMSI detection could be -3dB.
[bookmark: _Ref23868086]Proposal 11: To guarantee the RMSI with the same SSB reporting index can be detected during the whole CGI reading, the potential SNR side condition could be [-3dB].
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 12: The overall autonomous gap delay should be at least:
	
	FR1
	FR2

	
	Intra-frequency
	Inter-frequency
	Intra-frequency
	Inter-frequency

	
	0
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	 - known
 - unkown

	
	

	
	

	Note 1:  is the STMC periodicity of the carrier with target cell.
Note 2: is the RMSI scheduling periodicity based on gNB implementation.
Note 4: Y1 is the required sample number for successfully decoding RMSI.


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 SIB1 reading times Y1=5 as a baseline, it could deduce that overall delay for CGI reading is (2+5+5)=12. The baseline overall delay for FR1 would be: 12*160ms = 1920ms.
[bookmark: _Ref521425828]Proposal 13: 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+5 = 26 for detecting SSB and RMSI. The baseline overall delay for FR2 would be: 26*160ms = 4160ms. 
[bookmark: _Ref521425834]Proposal 14: It is suggested the basic identify CGI time value for autonomous gap is [5s] 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.
Proposal 1: RAN4 should further check whether RAN2 will define the procedure for CGI reading with “autonomous gap” in R16 NR SA.
Proposal 2: For the target CGI reading in FR2 bands, the CGI reading is under the known condition if it has been meeting the following conditions:
-	During the period equals to [X ms] from the last transmission of the SSB used for L3-RSRP report to UE receives the target CGI reading command,
-	the UE has sent a valid L3-RSRP measurement report with SSB index 
-	During the period from UE sends a valid L3-RSRP reporting to UE repots a valid CGI,
-	the SSBs used for L3-RSRP report remain detectable according to the cell identification conditions specified in clauses 9.2 and 9.3
-	the MIB information contained in the SSB used for L3-RSRP report remains decodable with the SNR ≥ [-3]dB
 		-	the RMSI CORSETs associated with the SSB used for L3-RSRP report remain detectable with the SNR ≥ [-3]dB Proposal 3: The Delay of autonomous gap based CGI reading can be divided into the following time units

Proposal 4: In FR1,
          -  for intra-frequency CGI reading,
          -  for inter-frequency known CGI reading,
          -  for inter-frequency unknown CGI reading. 
Where,  is the SMTC periodicity of the carrier with target cell.
Proposal 5: In FR2,
          -  for intra-frequency CGI reading,
          -  for inter-frequency known CGI reading, 
         - for inter-frequency unknown CGI reading.
Proposal 6: When the UE can be guaranteed to use the same Rx spatial filter to finish MIB decoding in FR2, the MIB decoding delay are [5] for both FR1 and FR2, where,  is the SMTC periodicity of the carrier with target cell.
[bookmark: _GoBack]Proposal 7: To guarantee the SSB with the same index can be detected during the whole CGI reading, the potential side condition could be [-3dB].
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: When the UE can be guaranteed to use the same Rx spatial filter to finish RMSI decoding in FR2, the RMSI decoding delay can be the same for both FR1 and FR2.
Proposal 10: The UE’s interruption for RMSI decoding should base on minimum RMSI scheduling periodicity 20ms.
Proposal 11: To guarantee the RMSI with the same SSB reporting index can be detected during the whole CGI reading, the potential SNR side condition could be [-3dB].
Proposal 12: 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 4: Y1 is the required sample number for successfully decoding RMSI.


Proposal 13: It is suggested the basic identify CGI time value for autonomous gap is [2s] in FR1.
Proposal 14: It is suggested the basic identify CGI time value for autonomous gap is [5s] in FR2.
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