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1. Introduction
In the RAN4#93 meeting, there were further discussions on CGI reading of LTE cell and NR cell. Progress were made but there are still some open issues which are captured in way forward [1].
In this contribution we further provide our views on requirements for CGI reading of NR neighbor cell with autonomous gaps for NR capable UE.

2. Discussion
2.1 CGI reading of NR cell
Known cell condition
In general the known cell condition for CGI reading of neighbor cell is kind of similar to handover. The cell search time in handover is dependent on whether the cell is known or not. MIB decoding for CGI reading and cell search for handover are both based on side conditions of SSB. So the known cell condition for NR handover can be generally reused for CGI reading.
In the last meeting it was agreed that CGI reading was only defined for known cells. The known cell condition for FR1 is based on handover known cell condition with more restrictions. For FR2 reusing known cell condition for NR FR2 handover is one option.
	· Do not define requirements for unknown cells
· Known cell condition for FR1
·  It has been meeting the relevant cell identification requirement during the last 5 seconds.
· UE sends at least a valid L3-RSRP reporting.
· FFS: The SSB with the same index as the one with best RSRP measurement remains detectable.
· Depending on if the interruption is defined in symbol level or SMTC level.
· During CGI reading, the SSB [with the same index (in the L3-RSRP reporting)] remains detectable
· Known cell conditions for FR2
· Option 1: reuse known cell condition for NR FR2 handover
· Other options are not precluded



The known cell condition is related to how the MIB decoding will be performed. During the online discussion in the last meeting there were two possible MIB decoding schemes being discussed. One scheme is to decode MIB based on the best SSB which was reported in the L3 measurement report. In this case only symbol level of interruption is allowed. The other scheme is to decode MIB by trying all the SSBs in the SMTC duration, which means UE will select best SSB for MIB decoding. In this case the interruption will be SMTC duration level for each autonomous gap. 
Since the L3 measurement report was sent 5 seconds ago, the best SSB for the UE may already be changed. With Rx beam sweeping, the success rate of MIB decoding will be highly increased. Furthermore the success rate of SIB1 decoding is also increased since it is based on the actual best beam. Of course the drawback is the interruption could be high. In our view the higher MIB and SIB1 decoding success rate is preferable since it would minimize the attempts of CGI reading reconfiguration.
Proposal 1. Known cell condition for FR1 is:
·  It has been meeting the relevant cell identification requirement during the last 5 seconds.
· UE sends at least a valid L3-RSRP reporting.
· One of the SSBs measured from the NR target cell remains detectable during CGI reading delay.

For FR2, we think it is reasonable to reuse FR2 handover known cell conditions.
Proposal 2. Known cell condition for FR2 is:
· During the last 5 seconds before the reception of the handover command:
· the UE has sent a valid measurement report for the target cell and
· one of the SSBs measured from the NR target cell being configured remains detectable according to the cell identification conditions specified in clause 9.3 of TS 38.133,
· One of the SSBs measured from the target cell also remains detectable during the CGI reading delay according to the cell identification conditions specified in clause 9.3 of TS 38.133.

SINR side conditons
In NR side conditions for intra-frequency and inter-frequency measurement are the same, which is -6dB. It is naturally is reuse side conditions for NR cell measurement during CGI reading of NR cell.
Proposal 3. SINR Side condition for CGI reading of NR cell
· For intra-frequency, Es/Iot = -[6]dB for both SSB and RMSI
· For inter-frequency, Es/Iot = -[6]dB for both SSB and RMSI

SIB1 decoding delay
In the last meeting it was agreed SIB1 decoding delay will be decided by simulation results. Simulation assumptions are provided in [2]. The simulation results are provided in [3].
According to the simulation results in [3], 8 samples are needed to decode SIB1 successfully at 90% success rate.
Proposal 4. For SIB1 decoding of NR cell in FR1 and FR2, [8] samples are needed for defining measurement time period requirements. 

AGC/AFC
The CGI reading is to be specified for known cell only. The UE could directly decode MIB as the UE already had the AGC/AFC information during previous measurement that valid L3 measurement results were reported. Even if beam sweeping is involved, the UE can still use the AGC/AFC setting in previous measurement since the best beam was identified. UE can further refine timing frequency tracking and update AGC setting per each MIB decoding.
Proposal 5: AGC/AFC time is not considered during MIB and SIB1 decoding delay. 

Beam sweeping
Regarding beam sweeping in FR2 for SSB index detection (similar to MIB decoding), there were extensive discussions but in the end no agreements was reached. In our view beam sweeping is not needed for MIB decoding in CGI reading of NR cell if the cell is identified lately. However since it is proposed to find best beam for MIB decoding during CGI reading, beam sweeping is necessary.
SIB1 decoding is followed by MIB decoding and SIB1 PDCCH is based on detected SSB index, so there should be no Rx beam sweeping during SIB1 decoding.
Proposal 6: Rx beam sweeping is needed during MIB decoding in FR2.
Proposal 7: Rx beam sweeping is not needed for SIB1 decoding in FR2.

Interruption requirements
The interruptions during MIB decoding and SIB1 decoding are summarized as below.
	· Interruptions for each autonomous gap during MIB decoding
· Option 1: SMTC duration + 2*RF tuning time + 1 slot (victim cell SCS)
· Option 2: 4 symbols (target cell SCS) + 2*RF tuning time + 1 slot (victim cell SCS)
· Interruptions for each autonomous gap during SIB1 decoding
· Option 1:
· 2*RF tuning time + 2 slots (target cell SCS) + 1 slot (victim cell SCS) for multiplexing pattern 1
· 2*RF tuning time + 1 slot (target cell SCS) + 1 slot (victim cell SCS) for multiplexing pattern 2/3
· Option 2: other options are not precluded



For MIB decoding the UE needs to find ‘actual’ best beam, which means the UE needs to search all the SSBs within SMTC duration. During the whole SMTC window, interruption will happen. Considering RF retuning time (tuning to and back), which is 2*0.5ms in FR1 and 2*0.25ms in FR2 for tuning to and back, the actual interruption time is 1ms+SMTC duration in FR1 and 0.5ms+SMTC duration in FR2. The additional one slot is added for async deployment. It was agreed to define general requirements for both sync and async case. So option 1 should be adopted.
Proposal 8: Each interruption length during MIB decoding is as in table below.
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	NR Slot length (ms) of victim cell
	Interruption length (slots)

	0
	1
	
	2 + TSMTC_duration * 

	1
	0.5
	
	3 + TSMTC_duration * 

	2
	0.25
	Victim cell is on FR1
	5 + TSMTC_duration * 

	
	
	Victim cell is on FR2
	3 + TSMTC_duration * 

	3
	0.125
	
	5 + TSMTC_duration * 



During SIB1 decoding UE needs to search in common search space to demodulate SIB1 PDCCH first and then decode SIB1 PDSCH according PDCCH scheduling. For multiplexing pattern 1 UE needs to search two consecutive slots to demodulate PDCCH in common search space and then demodulate PDSCH in the same slot. For multiplexing pattern 2/3 UE needs to search one slots to demodulate PDCCH in common search space and then demodulate PDSCH in the same slot. RF retuning time is also needed. For async case one additional slot is further considered. So option 1 is reasonable to define interruption requirements for SIB1 decoding.
Proposal 9: Interruption for each autonomous gap for SIB1 decoding with multiplexing pattern 1 is as in table below.
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	NR Slot length (ms) of victim cell
	Interruption length (slots)

	0
	1
	
	4

	1
	0.5
	
	5

	2
	0.25
	Victim cell is on FR1
	7

	
	
	Victim cell is on FR2
	5

	3
	0.125
	
	7



Proposal 10: Interruption for each autonomous gap for SIB1 decoding with multiplexing pattern 2/3 is as in table below.
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	NR Slot length (ms) of victim cell
	Interruption length (slots)

	0
	1
	
	3

	1
	0.5
	
	4

	2
	0.25
	Victim cell is on FR1
	6

	
	
	Victim cell is on FR2
	4

	3
	0.125
	
	6



In NR the interruption requirements on NR serving cells are generally specified by interruption length in terms of number of slots. For CGI reading of NR cell interruption requirements, we think it is beneficial to use such sort of requirements. Compared to interruption requirements defined by missed number of ACK/NACKs or transmitted number of ACK/NACKs, it provides picture of how long the interruption length is and even the location of the interruption. The transmitted ACK/NACKs can be further calculated based on specific conditions if during CGI reading time period interruption length of each interruption and number of interruptions are known or the ratio of interruptions are known. Therefore we think core requirements for interruptions during CGI reading of NR cell can be specified with ratio of interruptions during the MIB decoding and SIB1 decoding time period. For the test cases the UE transmitted number of ACK/NACKs can be calculated based on test configuration.
If we follow similar interruption requirements for ECGI reading in RSTD measurement, there are some drawbacks. The number of transmitted ACK/NACKs is calculated under many specific conditions. When condition changes the requirements hold no more.  Furthermore it was agreed for both intra frequency and inter frequency NR CGI reading autonomous gaps in downlink and uplink is assumed, but there is no interruption requirements for uplink with the requirements of the number of transmitted ACK/NACKs.
The ratio of interruption during MIB decoding is interrupted slots during one sample for MIB decoding over SMTC period in slots. No matter how many attempts in MIB decoding the ratio of interruption keeps unchanged. For SIB1 decoding the ratio of interruptions is different for multiplexing pattern 1 and multiplexing pattern 2/3. For multiplexing pattern 1, the ratio of interruptions is interrupted slots during one sample for SIB1 decoding over 20ms in slots. For multiplexing pattern 2/3, the ratio of interruptions is interrupted slots during one sample for SIB1 decoding over SMTC period in slots. The ratio of interruptions keeps unchanged either no matter how many samples are used for SIB decoding.
Proposal 11: The interruption core requirements for CGI reading of NR cell is specified by ratio of interrupted slots during the MIB decoding and SIB1 decoding time period.
Proposal 12: The ratio of interruption during MIB decoding is interrupted slots during one sample for MIB decoding over SMTC period in slots.
Proposal 13: For multiplexing pattern 1, the ratio of interruptions is interrupted slots during one sample for SIB1 decoding over 20ms in slots. For multiplexing pattern 2/3, the ratio of interruptions is interrupted slots during one sample for SIB1 decoding over SMTC period in slots.

CGI reading requirements structure
How the delay and interruption requirements for CGI reading are specified needs further discussion.
	· How are interruption requirements for CGI reading of NR cell under NR SA, NR DC, EN-DC, NE-DC and LTE SA are caputured in spec
· Option 1: Separated delay requirements and interruption requirements in different sections in 38.133 and 36.133
· Other options are not precluded
·  How are interruption requirements for CGI reading of LTE cell under EN-DC and NE-DC are caputured in spec
· Option 1: Separated delay requirements and interruption requirements in different sections in 38.133 and 36.133
· Other options are not precluded.



In LTE the CGI reading delay requirements and interruption requirements are specified in one section. However in NR the delay requirements and interruption requirements are specified in different sections. In our view separated sections is a better way to capture delay and interruption requirements. For CGI reading it can also be applied.
Proposal 14: For CGI reading of NR cell and LTE cell, separated delay requirements and interruption requirements are specified in different sections.

2.2 CGI reading of LTE cell
The requirements for CGI reading of LTE cell with autonomous gaps are quite straightforward. In most cases, the requirements for CGI reading of LTE cell in LTE SA can be reused. It’s just the requirements for interruptions on NR serving cells may need further consideration.
	CGI reading of an LTE cell with autonomous gaps
· Time period to identify CGI of an LTE cell is 150ms.
· Interruptions on NR serving cells during CGI reading of LTE cell: 
· In CGI reading for LTE cell with autonomous gap, it could follow the same requirement in RSTD.
· Other options can be considered if identified to be beneficial.
· Interruptions on LTE serving cells during CGI reading of LTE cell in EN-DC or NE-DC
· For NR capable UE in EN-DC or NE-DC operation, legacy interruption requirements for LTE UE can be reused for interruptions on LTE serving cells for CGI reading of LTE neighbor cell



In RSTD the interruption requirements for MIB decoding and ECGI reading have been specified. The requirements are specified by number of ACK/NACKs transmitted by UE during MIB decoding and SIB1 decoding for different SCSs and FDD/TDD duplex mode under some specific conditions. Since the requirements can be directly reused for CGI reading of LTE cell, it seems reasonable to reuse the requirements.
It was proposed in the last meeting to specify interruption requirements based on percentage of interrupted slots during the whole period of CGI reading. This kind of requirements is simpler and applicable without any conditions. It makes it useful in practical network as network knows the interruption length and location of each interruption. We still think it is beneficial to specify such kind of interruption requirements at least for CGI reading of NR cell. Since we already have interruption requirements for CGI reading of LTE cell in RSTD measurement, it can be reused.
Proposal 15. Interruption requirements for CGI reading in RSTD can be reused for CGI reading of LTE cell.






3. Conclusion
In this contribution we provided our views on requirements for CGI reading of NR neighbor cell with autonomous gaps for NR capable UE. Based on the observations following proposals are present. 
Proposal 1. Known cell condition for FR1 is:
·  It has been meeting the relevant cell identification requirement during the last 5 seconds.
· UE sends at least a valid L3-RSRP reporting.
· One of the SSBs measured from the NR target cell remains detectable during CGI reading delay.
Proposal 2. Known cell condition for FR2 is:
· During the last 5 seconds before the reception of the handover command:
· the UE has sent a valid measurement report for the target cell and
· one of the SSBs measured from the NR target cell being configured remains detectable according to the cell identification conditions specified in clause 9.3 of TS 38.133,
· One of the SSBs measured from the target cell also remains detectable during the CGI reading delay according to the cell identification conditions specified in clause 9.3 of TS 38.133.
Proposal 3. SINR Side condition for CGI reading of NR cell
· For intra-frequency, Es/Iot = -[6]dB for both SSB and RMSI
· For inter-frequency, Es/Iot = -[6]dB for both SSB and RMSI
Proposal 4. For SIB1 decoding of NR cell in FR1 and FR2, [8] samples are needed for defining measurement time period requirements. 
Proposal 5: AGC/AFC time is not considered during MIB and SIB1 decoding delay. 
Proposal 6: Rx beam sweeping is needed during MIB decoding in FR2.
Proposal 7: Rx beam sweeping is not needed for SIB1 decoding in FR2.
Proposal 8: Each interruption length during MIB decoding is as in table below.
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Proposal 9: Interruption for each autonomous gap for SIB1 decoding with multiplexing pattern 1 is as in table below.
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Proposal 10: Interruption for each autonomous gap for SIB1 decoding with multiplexing pattern 2/3 is as in table below.
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Proposal 11: The interruption core requirements for CGI reading of NR cell is specified by ratio of interrupted slots during the MIB decoding and SIB1 decoding time period.
Proposal 12: The ratio of interruption during MIB decoding is interrupted slots during one sample for MIB decoding over SMTC period in slots.
Proposal 13: For multiplexing pattern 1, the ratio of interruptions is interrupted slots during one sample for SIB1 decoding over 20ms in slots. For multiplexing pattern 2/3, the ratio of interruptions is interrupted slots during one sample for SIB1 decoding over SMTC period in slots.
Proposal 14: For CGI reading of NR cell and LTE cell, separated delay requirements and interruption requirements are specified in different sections.
Proposal 15: Interruption requirements for CGI reading in RSTD can be reused for CGI reading of LTE cell.
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