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1. Introduction
In the RAN4#92bis meeting, there were 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 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 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 1. Interruption requirements for CGI reading in RSTD can be reused for CGI reading of LTE cell.

2.2 CGI reading of NR cell
The requirements for CGI reading of LTE cell with autonomous gaps in EN-DC or NE-DC operation mode 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 NR cell with autonomous gaps
· [5] samples are needed for MIB decoding in FR1
·  SIB1 decoding delay:
· To decide NSIB1, simulation is needed. RAN4 first need to discuss the PDSCH transmission assumption for SIB1 acquisition. 
· Based on the assumption interested companies will provide the simulation results and decide NSIB1 according to the results.
· SINR Side condition for NR CGI reading 
· 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 = -[TBD]dB for both SSB and RMSI
· NR CGI reading assumes autonomous gaps in downlink and uplink.
· Both intra-frequency and inter-frequency NR CGI reading assume autonomous gaps in downlink and uplink.



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 2. 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

MIB1 decoding delay in FR2
In Rel-15, the MIB decoding performance in FR2 was evaluated during the study of SSB index detection time. It was concluded that 3 samples without soft combining are needed to achieve at least 90 percentage of success decoding rate. Afterwards it was agreed 2 additional samples are added for implementation margin. So in total 5 samples are needed for SSB index detection in FR2, which correspondingly 5 samples for MIB decoding.
In the last meeting it was agreed 5 samples are needed for MIB decoding in FR1. Without considering beam sweeping, the same number of samples should be used for FR2 either.
Proposal 3: [5] samples are needed for MIB decoding in FR2 without considering Rx beam sweeping.

SIB1 decoding delay
For multiplexing pattern 1 SIB1 is transmitted with 20ms repetition periodicity and SIB1 TTI is 160ms. The SSB periodicity could be larger than 20ms. UE may not be able to do fine timing and frequency tracking by using SSB for each SIB1 repetition reception. Therefore for each SIB1 repetition decoding the assumption is no SSB reception together is required. UE could use SSBs for MIB decoding to derive fine timing and frequency tracking parameters.
F	or multiplexing pattern 2/3 SIB1 transmission repetition period is the same as SSB period. SSB and SIB1 are FDMed on SSB symbols. SIB1 transmission repetition period is the same as the SSB period. UE can use SSB symbols for fine timing and frequency tracking, and AGC if it is needed.
The question is how many samples are needed for SIB1 decoding. SIB1 decoding performance depends on SIB1 PDCCH performance and SIB1 PDSCH performance, which are up to network configuration. It is difficult to have simulation campaign to evaluate SIB1 performance. One option may be to reuse number of samples for SIB1 decode for LTE cell. It is assumed that 3 SIB1 samples would be enough to achieve good SIB1 demodulation performance. To ensure 3 samples during measurement period if there SIB1 changes, 5 samples were used to define SIB1 decode time period. In our view the same number can be reused for SIB1 decoding of an NR cell as NR performance should not be worse than LTE. 
In the last meeting it was agreed SIB1 decoding delay can be decided with simulation. Simulation assumptions are provided in [2]. If 5 samples is not acceptable, simulation can be further conducted to derive the number of samples.
Proposal 4. For SIB1 decoding of NR cell in FR1 and FR2, [5] samples are needed for defining measurement time period requirements. 

AGC/AFC, beam sweeping and known/unknown condition.
The open issues on AGC/AFC, beam sweeping and known/unknown conditions are summarized as below.
	· 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 



It is important to define conditions for known and unknown cell firstly. In NR handover requirements a cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown. In our view the same condition can be used for CGI reading.
Proposal 5: A cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown.

The CGI reading procedure is different for known cell and unknown cell. For known cell UE can directly decode MIB as UE already get the SSB index and has the AGC/AFC information. UE can further conduct timing frequency tracking during MIB decoding. Therefore the CGI reading of a known cell only includes MIB decoding and SIB1 decoding. While for an unknown cell UE need to perform cell search firstly to get SSB index for following MIB decoding and SIB1 decoding. The cell search is the same as in intra-frequency and inter-frequency measurement. So the same requirements for cell identification can be reused. The AGC/AFC can be done during cell search. It can be further retuned during MIB decoding, but it is not necessary to be additionally added to MIB decoding delay.
Proposal 6: For CGI reading of a known cell, only MIB decoding and SIB1 decoding are needed. 
Proposal 7: For CGI reading of an unknown cell, cell search is also needed in addition to MIB decoding and SIB1 decoding.
Proposal 8: AGC/AFC time is not considered during MIB and SIB1 decoding delay. 
Proposal 9: Cell identification delay for CGI reading of an unknown cell is [5] samples for intra-frequency and [8] samples for inter frequency.

Regarding beam sweeping in FR2 for MIB decoding (SSB index detection), 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. Since the CGI reading requirements only includes the MIB decoding and SIB decoding delay. It means UE has already identified the cell during which Rx beam sweeping should be already done. 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. However for cell identification of an unknown cell during CGI reading of NR cell, Rx beam sweeping is sure necessary in FR2.
Proposal 10: Rx beam sweeping is not needed during MIB decoding and SIB1 decoding in FR2.
Proposal 11: Rx beam sweeping is needed for cell identification of an unknown cell in FR2.

Interruption requirements
The open issues for interruptions during MIB decoding  and SIB1 decoding are summarized as below.
	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




The same SSB index is assumed during MIB decoding. For each SSB, 4 symbols are occupied. 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+4symbols in FR1 and 0.5ms+4symbols in FR2. RAN4 defines interruption in terms of number of slots. For async case the time difference between serving cell and neighbour cell is half slots at maximum. Together with 4 symbols the additional interruption is 1 slot besides interruption due to RF retuning. 
Proposal 12: Each interruption length during MIB decoding is as in table below.
	Frequency range
	Sub-carrier spacing of serving cell (kHz)
	Total interruption length
(slots)

	FR1
	15
	2

	
	30
	3

	
	60
	5

	FR2
	60
	3

	
	120
	5



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 1 slot can be further considered for some serving cell SCSs.
Proposal 13: Interruption for each autonomous gap for SIB1 decoding with multiplexing pattern 1 is as in table below.
	Frequency range
	Sub-carrier spacing of serving cell (kHz)
	Total interruption length
(slots)

	FR1
	15
	4

	
	30
	5

	
	60
	7

	FR2
	60
	5

	
	120
	7



Proposal 14: Interruption for each autonomous gap for SIB1 decoding with multiplexing pattern 2/3 is as in table below.
	Frequency range
	Sub-carrier spacing of serving cell (kHz)
	Total interruption length
(slots)

	FR1
	15
	3

	
	30
	4

	
	60
	6

	FR2
	60
	4

	
	120
	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 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 by test configuration.
If we follow similar interruption requirements for ECGI reading in RSTD measurement, there are some drawbacks. For example the TMIB is 50ms and number of transmitted ACK/NACKs is calculated assuming MIB decoding time is 50ms. However if MIB decoding is successful with only one sample then the requirements of transmitted ACK/NACKs during MIB decoding means nothing. 
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 15: 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 16: The ratio of interruption during MIB decoding is interrupted slots during one sample for MIB decoding over SMTC period in slots.
Proposal 17: 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.

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. Interruption requirements for CGI reading in RSTD can be reused for CGI reading of LTE cell.
Proposal 2. 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 3: [5] samples are needed for MIB decoding in FR2 without considering Rx beam sweeping.
Proposal 4. For SIB1 decoding of NR cell in FR1 and FR2, [5] samples are needed for defining measurement time period requirements. 
Proposal 5: A cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown.
Proposal 6: For CGI reading of a known cell, only MIB decoding and SIB1 decoding are needed. 
Proposal 7: For CGI reading of an unknown cell, cell search is also needed in addition to MIB decoding and SIB1 decoding.
Proposal 8: AGC/AFC time is not considered during MIB and SIB1 decoding delay. 
Proposal 9: Cell identification delay for CGI reading of an unknown cell is [5] samples for intra-frequency and [8] 
Proposal 10: Rx beam sweeping is not needed during MIB decoding and SIB1 decoding in FR2.
Proposal 11: Rx beam sweeping is needed for cell identification of an unknown cell in FR2.
Proposal 12: Each interruption length during MIB decoding is as in table below.
	Frequency range
	Sub-carrier spacing of serving cell (kHz)
	Total interruption length
(slots)

	FR1
	15
	2

	
	30
	3

	
	60
	5

	FR2
	60
	3

	
	120
	5



Proposal 13: Interruption for each autonomous gap for SIB1 decoding with multiplexing pattern 1 is as in table below.
	Frequency range
	Sub-carrier spacing of serving cell (kHz)
	Total interruption length
(slots)

	FR1
	15
	4

	
	30
	5

	
	60
	7

	FR2
	60
	5

	
	120
	7



Proposal 14: Interruption for each autonomous gap for SIB1 decoding with multiplexing pattern 2/3 is as in table below.
	Frequency range
	Sub-carrier spacing of serving cell (kHz)
	Total interruption length
(slots)

	FR1
	15
	3

	
	30
	4

	
	60
	6

	FR2
	60
	4

	
	120
	6



Proposal 15: 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 16: The ratio of interruption during MIB decoding is interrupted slots during one sample for MIB decoding over SMTC period in slots.
Proposal 17: 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.
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