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1. Introduction
In the RAN4#94-e 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
There are two key issues needs to be solved firstly. Many other issues are relevant to the outcome of the two issues. The two key issues are how SSB is selected for MIB decoding and how soft combining can be done for SIB1 decoding.
MIB decoding
There are two options on how SSB is selected for MIB decoding being considered for CGI reading.
	· How the SSB is selected for MIB decoding 
· Option 1: the SSB with the same index as in the L3-RSRP reporting
· Option 2: Search the best one of all the SSBs within SMTC window


Option 1 is to use the SSB index in the latest L3-RSRP report. The intention is minimize interruption during MIB decoding and minimize MIB decoding delay in FR2 where Rx beam sweeping is needed if UE needs to search SSBs within SMTC window. However it could be the case that best SSB index has been changed since UE reports L3 report, which in turn would lead to high possibility of MIB decoding failure during CGI reading. Option 2 on the contrary is to increase success rate of MIB decoding. The issue of option 2 is that MIB decoding could be very long in FR2 as Rx beam sweeping is needed. 
In addition CGI reading may impact other RRM measurement requirements, including requirements L3 RRM measurements and L1 RRM measurements. 
	· How does UE meet the existing RRM requirements during CGI reading
· Option 1
· TMIB should be scaled by the same factors as for L3 RRM measurement of the target carrier, and UE is required to meet the existing RRM and L1 measurement requirements during TMIB.
· For SIB1 decoding, TSIB1 should not be scaled, but UE is not required to meet the existing RRM or L1 measurement requirements during TSIB1.
· Option 2
· The UE is not required to meet L3 measurement requirements during CGI reading. L1 measurement requirements FFS
· Option 3
· The UE is not required to meet L3 and L1 measurement requirements during CGI reading
· Other options are not precluded



CGI reading is not a frequent measurement. We don’t think it should be considered together with other L1 and L3 RRM measurements when defining the requirements. It would complicate the entire RRM requirements if all the measurements are considered together.
More importantly the CGI reading with autonomous gap will be configured with a timer according to CGI reading procedure specified by RAN2 [3].
	3>	if the measObject associated with this measId concerns NR:
4>	if the measObject associated with this measId concerns FR1:
5>	if the useAutonomousGaps is included in the reportConfig associated with this measId:
6> 	start timer T321 with the timer value set to [xx seconds] for this measId;
5>	else:
6>	start timer T321 with the timer value set to 2 seconds for this measId;
4>	if the measObject associated with this measId concerns FR2:
5>	if the useAutonomousGaps is included in the reportConfig associated with this measId:
6> 	start timer T321 with the timer value set to [xx seconds] for this measId;
5>	else:
6>	start timer T321 with the timer value set to 16 seconds for this measId.




The CGI reading with autonomous gap should be done before the expiration of configured timer T321. Therefore it should not be scaled due to sharing measurement opportunities with other measurements. Correspondingly UE is not required to meet RRM requirements during the CGI reading.
Proposal 1. The UE is not required to meet L3 and L1 measurement requirements during CGI reading.

For DRX based CGI reading Rx beam sweeping is allowed in FR2. The CGI reading delay in FR2 can be 16 s. If UE is allowed not to meet RRM requirements during 16 s period, there could be mobility issues in certain scenarios. So for autonomous gap based CGI reading it is preferable the measurements are based on reported best SSB.
Proposal 2. The SSB index for MIB decoding is the one with best RSRP as in L3-RSRP reporting.

With propose 2 the MIB decoding delay should be option 1 in WF [1].
Proposal 3. MIB decoding delay is [5] * TSMTC, where TSMTC is SMTC periodicity of target cell.

SIB1 decoding
There are several options that are provided in the WF [1].
	· How is the SIB1 decoding delay to be derived
· Option 1: One shot with -3dB SNR
· Option 2: Soft combining of 2 samples at -6dB SNR
· No CGI reading requirements for 160ms SIB1 scheduling periodicity
· Option 3: Soft combining of 4 samples at -6dB SNR
· No CGI reading requirements for 80ms or 160ms SIB1 scheduling periodicity
· Option 4: Soft combining of 4 samples at -6dB SNR without side condition on scheduling periodicity and assuming soft combining across scheduling period boundaries
· Side condition that payload is the same throughout the SIB1 decoding time



Option 1 meant to reduce SIB1 decoding complexity, i.e. without soft combining, and increase possibility of SIB1 decoding success with high SINR. However there is obvious mismatch between L3 measurement report and SIB1 decoding as measurement was conducted with -6dB SINR. This mismatch could make the entire CGI reading fail as NW has no idea of what SINR is at which reported RSRP is measured.
Option 2 and option 3 requires SIB1 decoding to be performed at =6dB SINR. However there are restrictions on SIB1 scheduling periodicity. CGI reading of a neighbor cell with 160ms periodicity is not possible with option 2. In our view 160ms is not very typical SIB1 scheduling periodicity as the system information acquisition delay would be very long. It would be fine not to define requirements for such case. Option 3 preclude requirements for 80ms SIB1 scheduling periodicity additionally. It put two much restrictions on SIB1 scheduling periodicity.
Option 4 provides no restriction on SIB1 scheduling periodicity. It may require more UE complexity of conducting SIB decoding as if there is not enough occasions for SIB1 soft combining within SIB1 TTI then soft combining across TTI boundaries needs to be conducted by assuming the SIB1 content is not changed. In our view the assumption of no content change across SIB1 TTI boundaries is valid as the SIB1 content change happens infrequently. With this assumption soft combining across boundaries is feasible when SIB scheduling periodicity is larger than 40ms. The increased UE complexity is acceptable is the memory required for storing SIB1 samples is not increased.
Proposal 4. Assumption for SIB decoding is that soft combining of 4 samples at -6dB SINR without side condition on scheduling periodicity and assuming soft combining across scheduling period boundaries

There was proposal on assistance information to facilitate soft combining of SIB1.
	· How soft combining can be performed for different SIB1 scheduling periodicity)
· Option 1:
· By default the UE assumes that PDSCH transmissions from different transmission periods can be soft combined for SIB1 decoding, if there are insufficient opportunities from a single transmission period.
· Assistance information be beneficial
· A bitmap (e.g. of up to 8 bits) where ‘0’ indicates that the UE may assume that PDSCH is not transmitted in the corresponding PDSCH transmission opportunity, and ‘1’ indicates that the UE should determine via the SI-RNTI on PDCCH whether the PDSCH is transmitted.
· An indication that the UE may assume that it is safe to combine PDSCH across transmission period boundaries (e.g. no SIB1 payload updates are ongoing across the network) 



The normal operation is that UE needs to detect PDCCH firstly by searching blindly in common search space of CORSET 0. Then UE knows if PDSCH is scheduled and what the scheduling resources are if it is scheduled. With the assistance information the PDCCH detection cannot be avoided since UE needs to find out on what resources the SIB1 is scheduled. It is not necessary for the indication that if soft combining across boundaries is safe as it can be just simply assume the soft combining can be done across boundaries. It also requires information change at network side and the assistance information could be outdate. Therefore usefulness of assistance information is not justified
Proposal 5. No assistance information for SIB1 decoding is necessary.

For the SIB1 decoding delay, the simulation results were captured in [3]. Results from two companies show that when soft combining with 4 samples the 90% success rate can be achieved with 1 attempt. So it can be interpreted that it is doable with soft combining of 4 samples in 1 attempt.
The DRX based CGI reading delay is 2s in FR1. We don’t think the autonomous gap based CGI reading delay can be longer than 2s. We already agreed that MIB decoding delay takes 5 SMTC periods. By considering 160ms SMTC period there are at most 12 SMTC periods with 2s. In order to provide UE more flexibility on handling SIB1 decoding and margin for implementation the SIB1 decoding delay can be 6 samples.
Proposal 6. For SIB1 decoding of NR cell in FR1 and FR2, [6] samples are needed for defining SIB1 decoding delay requirements.

SINR side conditions
As in proposal 4, -6dB SINR should be the side condition.
Proposal 7. SINR Side condition for CGI reading of NR cell is -6dB for both intra/inter frequency CGI reading.


AGC/AFC
It was agree no AGC/AFC is needed for SIB1 decoding. For MIB decoding it is beneficial if one sample is used for timing/frequency refinement as the SSB could be measured 5 seconds ago. This could improve the possibility of CGI reading success. 
Proposal 8: 1 sample for AGC/AFC during MIB decoding. 

Beam sweeping
As it is discussed for MIB decoding Rx beam sweeping is not needed in FR2.
Proposal 9: Rx beam sweeping is needed during MIB decoding and SIB1 decoding in FR2.

Interruption requirements
The interruptions during MIB decoding is 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)
· Note: Depending on how SSB is selected for MIB decoding



As it is discussed in MIB decoding UE uses the reported best SSB for MIB decoding. So option 2 should be the interruption time.
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+4 symbols in FR1 and 0.5ms+4 symbols in FR2. The additional one slot is added for async deployment. It was agreed to define general requirements for both sync and async case. 
Proposal 10: 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
	
	3

	1
	0.5
	
	4 

	2
	0.25
	Victim cell is on FR1
	6 

	
	
	Victim cell is on FR2
	4 

	3
	0.125
	
	6 



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 11: 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 12: 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
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	3
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	2
	0.25
	Victim cell is on FR1
	6

	
	
	Victim cell is on FR2
	4

	3
	0.125
	
	6



Regarding the frequency of interruptions during SIB1 decoding following options were provided.
	· How frequently each interruption happens during SIB1 decoding
· Option 1 : 
· 20ms for multiplexing pattern 1
· SMTC period for multiplexing pattern 2/3
· Option 2 : 
· 20ms based on minimum MSI scheduling periodicity
· Option 3 : 
· 20ms for multiplexing pattern 1
· SSB period for multiplexing pattern 2/3
· Option 4 :
· When assistance information indicates the UE should determine via the SI-RNTI on PDCCH whether the PDSCH is transmitted.




In our view UE should search for SIB1 every 20ms for multiplexing pattern 1. As SSB period is not known to UE before SIB1 decoding so UE has to search based on SMTC period for multiplexing pattern 2/3.
Proposal 13: Interruption for each autonomous gap for SIB1 decoding happens every 20ms for multiplexing pattern 1 and every SMTC period for multiplexing pattern 2/3.

For how the interruption requirements are to be specified, two options were provided.
	· The interruption core requirements for CGI reading of NR cell is specified by interruption numbers and interruption length
· Option 1: ratio of interrupted slots during the MIB decoding and SIB1 decoding time period.
· Option 2: Up to X interruptions of duration up to K1 for MIB decoding and additionally up to Y interruptions of up to K2 for SIB decoding



In our view option 2 is clear enough and straightforward.
Proposal 14: The interruption core requirements for CGI reading of NR cell is specified with up to X interruptions of duration up to K1 for MIB decoding and additionally up to Y interruptions of up to K2 for SIB decoding.

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. As discussed in the MIB decoding, it is based on the best SSB in L3 measurement. It is preferable to define same known cell condition for both FR1 and FR2. So the known cell condition can be defined as follows.
Proposal 15. Known cell condition for both FR1 and FR2 is:
· During the last 5 seconds before the reception of the report CGI command:
· the UE has sent a valid L3-RSRP measurement report for the target cell and
· The SSB with the same index as the one with best RSRP measurement in the L3-RSRP reporting remains detectable according to the cell identification conditions specified in clauses 9.2 or 9.3 of TS 38.133
· During CGI reading the SSB with the same index as the one with best RSRP measurement in the L3-RSRP reporting remains detectable according to the cell identification conditions specified in clauses 9.2 or 9.3 of TS 38.133.


2.2 LS discussion
In RAN2 reply LS [2], RAN2 asks for feedback of value of T321 timer.
	1. Overall Description:
RAN2 thanks RAN4 for their LS on CGI reporting with autonomous gap in Rel-16.
RAN2 has defined the corresponding signalling and capabilities in NR and LTE specs, see attached the agreed CRs. And RAN2 assumes RAN4 will inform RAN2 the T321 timer values of autonomous gap when RAN4 makes conclusion.

2. Actions:
To RAN4.
ACTION: 	RAN2 kindly asks RAN4 to take into account the CRs in their work, and feedback to RAN2 the T321 timer values when RAN4 makes conclusion.



As discussed above, the CGI reading delay in FR1 will not exceed 2 seconds. In FR2 no Rx beam forming is assumed so the CGI reading delay in FR2 will exceed 2 seconds neither.
Proposal 16. The value for Timer T321 is 2 seconds for both FR1 and FR2.


3. Conclusion
In this contribution we further 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. The UE is not required to meet L3 and L1 measurement requirements during CGI reading.
Proposal 2. The SSB index for MIB decoding is the one with best RSRP as in L3-RSRP reporting.
Proposal 3. MIB decoding delay is [5] * TSMTC, where TSMTC is SMTC periodicity of target cell.
Proposal 4. Assumption for SIB decoding is that soft combining of 4 samples at -6dB SINR without side condition on scheduling periodicity and assuming soft combining across scheduling period boundaries
Proposal 5. No assistance information for SIB1 decoding is necessary.
Proposal 6. For SIB1 decoding of NR cell in FR1 and FR2, [6] samples are needed for defining SIB1 decoding delay requirements.
Proposal 7. SINR Side condition for CGI reading of NR cell is -6dB for both intra/inter frequency CGI reading.
Proposal 8: 1 sample for AGC/AFC during MIB decoding. 
Proposal 9: Rx beam sweeping is needed during MIB decoding and SIB1 decoding in FR2.
Proposal 10: Each interruption length during MIB decoding is as in table below.
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Proposal 11: Interruption for each autonomous gap for SIB1 decoding with multiplexing pattern 1 is as in table below.
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Proposal 12: Interruption for each autonomous gap for SIB1 decoding with multiplexing pattern 2/3 is as in table below.
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Proposal 13: Interruption for each autonomous gap for SIB1 decoding happens every 20ms for multiplexing pattern 1 and every SMTC period for multiplexing pattern 2/3.
Proposal 14: The interruption core requirements for CGI reading of NR cell is specified with up to X interruptions of duration up to K1 for MIB decoding and additionally up to Y interruptions of up to K2 for SIB decoding.
Proposal 15. Known cell condition for both FR1 and FR2 is:
· During the last 5 seconds before the reception of the report CGI command:
· the UE has sent a valid L3-RSRP measurement report for the target cell and
· The SSB with the same index as the one with best RSRP measurement in the L3-RSRP reporting remains detectable according to the cell identification conditions specified in clauses 9.2 or 9.3 of TS 38.133
· During CGI reading the SSB with the same index as the one with best RSRP measurement in the L3-RSRP reporting remains detectable according to the cell identification conditions specified in clauses 9.2 or 9.3 of TS 38.133.
· Proposal 16. The value for Timer T321 is 2 seconds for both FR1 and FR2.
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