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Introduction
In RAN4#92bis the way forward for CGI reading requirements was agreed in [1]. In this discussion paper we give further considerations on the open items.
Discussion
Reading CGI from an LTE target cell
This work seems quite complete already, and we think it is possible to start drafting CRs. The way forward mostly contains agreements and only interruption aspects need some discussion:
	· 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



Interruptions on NR serving cells during CGI reading of LTE cell: 

For the interruption on NR serving cell, we have verified that the earlier work done by RAN4 on combined MIB and SIB1 requirements for RSTD used the same assumptions as for CGI reading, namely 3 decoding attempts for MIB and 3 decoding attempts for SIB1. Hence, it would appear that the ACK/NACK counts can be directly reused, and we do not see a strong motivation to introduce another option.
Proposal 1 : The same ACK/NACK requirements as for combined LTE MIB+SIB1 reading in NR interRAT RSTD reporting are used for LTE CGI reading requirements in 38.133
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	Configuration of the serving cell in which the transmitted ACK/NACKs are counted

	
	Duplex mode configuration
	SCS

	84
	FDD
	15 kHz

	193
	FDD
	30 kHz

	402
	FDD
	60 kHz

	28
	TDD Note 1
	15 kHz

	81
	TDD Note 1
	30 kHz

	159
	TDD Note 1
	60 kHz

	233
	TDD Note 2
	60 kHz

	491
	TDD Note 2
	120 kHz

	NOTE 1:	TDD UL-DL configuration is as specified in Table A.3.3.1-1 of TS 38.101-1 [18].
NOTE 2:	TDD UL-DL configuration is as specified in Table A.3.3.1-1 of TS 38.101-2 [19].


 
Interruptions on intrafrequency LTE serving cells during CGI reading of LTE cell in EN-DC or NE-DC
For EN-DC and NE-DC this was already (accidentally) specified in release 15. Checking references in sections
· Section 8.17.1A(EN-DC) and section 8.19.2 (NE-DC) refers to section 8.1.2.2:  P(S)CC intra-frequency measurements shall meet all applicable requirements in clause 8.1.2.2.
· Section 8.17.1A(EN-DC) and section 8.19.2 (NE-DC) refers to section 8.1.2.2:  SCC intra-frequency measurements shall meet all applicable requirements in clause 8.3.3
· Section 8.1.2.2 contains clause 8.1.2.2.3 (FDD CGI reading) and 8.1.2.2.4 (TDD CGI reading)
· Section 8.3.3 refers to section 8.1.2.2 for active Scell requirements. Deactivated Scell cannot be interrupted since there is nothing to provide ACK/NACK for.
Hence, the outstanding work is to specify interfrequency CGI reading in 36.133. It can also follow the same approach of referring to the requirements in existing sections.
Proposal 2 : Interfrequency LTE CGI reading for EN-DC and NE-DC is added in 36.133 by reference to the LTE standalone requirement
Reading CGI from an NR target cell
The way forward indicates that there are more open issues for this case, which is to be expected as the functionality is fundamentally new. Considering that this was the first meeting for discussions many agreements were reached as shown below, and there is also a list of open items

	Agreements during the meeting
· 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 such as: 
PDSCH transmission parameters, e.g., PRB size, TBS, modulation, etc. 
Whether or not it is assumed soft-combining of PDSCH within SIB1 TTI. If yes, how many? 
Metric to decide the number of PDSCH transmissions, e.g., PDSCH decoding success rate of 90%
Side condition, e.g., SNR=-6dB
Based on the assumption interested companies will provide the simulation results and decide NSIB1 according to the results.
· CGI reading of an NR cell with autonomous gaps
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.
Open issues
· 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




We begin by reviewing the purpose of CGI reading, which we think should guide some of the decisions on open issues. For SON ANR, this has always been a “best effort” requirement from the UE, meaning that it is not critical for the operation of the system if a given UE fails to determine the neighbor relationship, given that another UE can repeat the procedure at some point in the future. For resolving PCI confusion (such as the si-RequestForHO case in LTE) a more robust procedure is clearly needed. Checking the LS from RAN2 which triggered the discussion on release 15 RAN4 RRM requirements scope and the corresponding need to cover CGI reading in the release 16 RRM enhancements work item, both liaison statements indicate that the use case is ANR. As such, we propose
Proposal 3 : Requirements for NR CGI reading are targeted at ANR use cases
The implication of proposal 3 is that when choosing between a procedure which has less impact to UE and system operation but is less robust, or a procedure which has more impact to UE and system operation but is more robust, RAN4 should err toward the former case.
Proposal 4 : For the use cases in proposal 3, a greater emphasis should be put on minimising impact to UE and system operation, compared to developing a robust ANR procedure.
In practice this means that, for example, it may be better not to do receive beam sweeping on FR2 which may cause more autonomous interruptions although it would improve the reliability of the procedure. This is a different balance of priority than for a mobility use case. Next we consider the open issues under this assumption.
· MIB decoding delay in FR2
Whether beam switching is needed
Since the UE has successfully measured and reported the cell prior to being requested to decode CGI, we think there is a substantial chance that it can be decoded with the same RX beam. This could be captured as a side condition of the known cell condition for CGI reading, and no requirements need to be defined for the unknown cell condition.
Proposal 5 : RX  beam sweeping is not assumed for MIB decoding in FR2
· AGC/AFC for MIB decoding 
Option 1: AGC/AFC is needed
Option 2: not needed.
In LTE, AFC was extensively discussed due to the introduction of an HeNB basestation class with large (±0.25ppm) error. For NR the PPM frequency error is at most ±0.1ppm. The UE has some prior knowledge of AFC setting from measuring the cell, however we think it would be beneficial to allow some time (e.g. a single SMTC period) for AGC/AFC refinement prior to MIB decoding.
Proposal 6: AGC/AFC refinement is needed for MIB decoding. (option 1)
· Beam sweeping needed for SIB1 decoding in FR2
Tentative agreement: Rx beam sweeping is not needed for SIB1 decoding.
We support the tentative agreement. Since our  view is that RX  beam sweep is not needed for MIB decoding, the SIB1 reception should also be attempted without RX beam sweep.
Proposal 7 : RX beam sweep is not needed for SIB1 decoding in FR2
· AGC for SIB1 decoding
Option 1: AGC is needed
Option 2: not needed.
Since the UE can start SIB1 decoding shortly after MIB decoding we think this is not needed8
Proposal 8 : AGC is not needed for SIB1 decoding (option 2)
· Conditions for known/unknown cell 
Since we propose no RX beam sweeping, the known cell condition should be that the SSB(s) which triggered the measurement report should remain detectable with the same RX beam  until the CGI report is completed. No unknown cell CGI reporting requirement should be defined. In addition to cope with time drift, there should be an upper limit such as max(5 seconds, 5DRX cycles) between the measurement report and the completion of the CGI reporting period.
Proposal 9 :  The known cell condition is that the SSB(s) which triggered the measurement report should remain detectable with the same RX beam  until the CGI report is completed. No unknown cell CGI reporting requirement should be defined. An SSB is known if  max(5 seconds, 5DRX cycles) has elapsed between the measurement report and the completion of the CGI reporting period
· Interruptions during MIB decoding
[bookmark: _Hlk23335700]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
The basic RF interruption allows a single SSB to be received with RF switching. In the end, 38.133 will not specify the interruption time, but rather will specify an ACK/NACK requirement which implicitly depends on the interrupt duration. For the async case our view is that there should be a single generic requirement covering both cases, and the ACK/NACK requirement should consider the worst case impact of the autonomous gaps, which may be in an asynchronous scenario. Proposal 9 is already intended to imply that the same SSB can be used for the entire procedure.
Proposal 10 : For MIB decoding interruption 4 symbols + 2*RF tuning time during each autonomous gap is assumed. A generic ACK/NACK requirement is derived, which covers both sync and async timing between serving and target cell.
 Considerations on reading SIB1
In NR, the UE determines CORESET0 from the MIB, which provides a pdcchConfigSIB1 and corresponding search space. SIB1 is transmitted on PDSCH as RMSI, and PDSCH is scheduled with PDCCH with SI-RNTI. SIB1 transmission periodicity is same as the associated MIB, but SIB1 TTI is 160ms. For example, if SS/PBCH block periodicity is 20ms, the corresponding PDSCH conveying SIB1 is also transmitted every 20ms and UE can perform soft-combining of PDSCH 8 times. TS38.331 also specifies the maximum SIB1 is 2976bits.
Due to the flexibility introduced by this scheme, both the PRB of the PDCCH search space and the PRB allocation and MCS for the corresponding PDSCH can be modified. Thus, with different network SIB1 implementations, SIB1 decoding could take more, or fewer decoding attempts within a TTI. Another issue to consider is the number of transmissions which are soft combined in the UE receiver.
Observation 1 : The PDCCH and PDSCH for SIB1 in NR has flexibility, which will significantly impact the number of needed SIB1 decoding attempts.
Nevertheless, RAN4 needs to define the requirements. For this purpose we propose
Proposal 11: SIB1 configuration for NR CGI reading is based on a representative configuration of PDCCH and PDSCH
In practice, NR deployments will very likely sometimes use different parameters, but the expectation should be that the decoding delay and ACK/NACK performance scales in a reasonable way from the baseline performance specified by RAN4. The situation is very similar to demod requirements scenarios which represent a specific and usually testable choice of FRC parameters, but are expected to indicate that the receiver performance would scale in the expected way if different parameter choices are used.
In RAN4#91bis, we provided simulation results based on the following methodology, which still needs to be discussed by RAN4.
According to TS38.331, SIB1 is transmitted on PDSCH as RMSI, and PDSCH is scheduled with PDCCH with SI-RNTI. SIB1 transmission periodicity is same as the associated MIB, but SIB1 TTI is 160ms. For example, if SS/PBCH block periodicity is 20ms, the corresponding PDSCH conveying SIB1 is also transmitted every 20ms and UE can perform soft-combining of PDSCH 8 times. TS38.331 also specifies the maximum SIB1 is 2976bits.
According to TS38.213, the minimum number of PRBs for CORESET0 (PDCCH search space for SI-RNTI) is 24. Considering the minimum requirements, we assume PDSCH for SIB1 is also transmitted with 24PRB. 
With the same PDSCH configuration assumption as RRM RMC (e.g., Table A.3.1.1.1-1 in TS38.133), the number of resource elements are 3024 (i.e., 12 OFDM symbols, 24 PRBs, single port DMRS with 1+1+1). Considering the maximum TBS for SIB1 of 2976 bits, the minimum MCS is 7 (TBS=3124bits, QPSK, Code rate=0.52). It could be noted that the choice to use RRM PDSCH RMC is arbitrary, however under the assumption that the PDSCH for SIB1 will be transmitted with 24PRB and the maximum SIB1 payload size it would appear a reasonable choice.
Proposal 12 : The following parameters are used for SIB1 PDSCH simulation Physical channel configuration as per table A.3.1.1.1-1 in TS38.133 with the following modifications to fit SIB1 payload
	Parameter
	Unit
	Value

	Reference channel
	
	SR.1.1 FDD
	
	
	
	
	
	

	Channel bandwidth
	MHz
	10
	
	
	
	
	
	

	Number of transmitter antennas
	
	1
	
	
	
	
	
	

	Allocated resource blocks for PDSCH Note 1
	
	24
	
	
	
	
	
	

	Allocated slots per Radio Frame
	
	10
	
	
	
	
	
	

	  Radio frame containing SSB
	slots
	Note 5
	
	
	
	
	
	

	  Radio frame not containing SSB
	slots
	10
	
	
	
	
	
	

	MCS index
	
	7
	
	
	
	
	
	

	Modulation
	
	QPSK
	
	
	
	
	
	

	Target Coding Rate
	
	0.52
	
	
	
	
	
	

	Number of control symbols
	
	2
	
	
	
	
	
	

	PDSCH mapping type
	
	Type A
	
	
	
	
	
	

	Information Bit Payload
	
	
	
	
	
	
	
	

	  For slots with RMSI Note 2
	bits
	3124
	
	
	
	
	
	

	Number of Code Blocks per slot
	
	1
	
	
	
	
	
	

	Binary Channel Bits Per slot
	
	
	
	
	
	
	
	

	  For slots with RMSI Note 2, Note 4
	bits
	6048
	
	
	
	
	
	

	Note 1:	Allocated outside the SMTC duration in time and in resource blocks which do not overlap with the resource blocks allocated for SS/PBCH block.
Note 2:	PDSCH is scheduled on the slots with RMSI.
Note 3:	If necessary the information bit payload size can be adjusted to facilitate the test implementation. The payload sizes are defined in TS 38.213 [3].
Note 4:	Derived based on the PDSCH DMRS assumption: dmrs-TypeA-Position=2, dmrs-Type=1, dmrs-AdditonalPositions=2, maxLength=1, Antenna port index: 1000, and Number of PDSCH DMRS CDM group(s) without data: 1.
Note 5:	PDSCH is not scheduled in slots containing SSB according to the SSB configuration used in the test. SSB configurations are defined in section A.3.10.
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Figure 1	PDSCH simulation results assuming SIB1 reception.
Figure 1 shows the simulation results of PDSCH with the fading channel modes TDLA30-10, TDLB100-400 and TDLC300-100 with the simulation assumption listed in Appendix. In this simulation we also investigate the performance gain with PDSCH soft-combining of 4 transmissions and 8 transmissions. 
It is observed from the simulation result that one transmission is not enough to achieve 90% of reception success rate (=10% BLER in Figure 1) with the side condition SNR=-6dB. If we consider the soft-combining of 4 transmissions, 90% of reception success rate could be reached with SNR=-6dB depending on the channel condition. Considering the impairment margin, it is observed 8 transmissions are needed to achieve the SIB1 reception success rate of 90%.
Since the number of required PDSCH attempts affect to the SIB1 acquisition time for NR, RAN4 first need to agree with the assumption of SIB1 acquisition as proposed in proposal 12, and the UE receiver assumptions (e.g. soft combining). Based on the results in figure 1 with implementation margin at -6dB, 8 attempts would be needed (160ms with 20ms SSB periodicity) 
The Es/Iot for inter-frequency CGI reading also needs to be discussed. For interfrequency measurement accuracy, requirements are specified at SSB Es/Iot=-6dB and there seem to be no significant differences between intrafrequency and interfrequency CGI reading other than the need for retuning, which will be allowed for in the requirement. This approach allows for a generic requirement. Hence, we propose: 
Proposal 13 : For inter-frequency CGI reading the side condition is Es/Iot = -6dB for both SSB and RMSI
Conclusions
Proposal 1 : The same ACK/NACK requirements as for combined LTE MIB+SIB1 reading in NR interRAT RSTD reporting are used for LTE CGI reading requirements in 38.133
Proposal 2 : Interfrequency LTE CGI reading for EN-DC and NE-DC is added in 36.133 by reference to the LTE standalone requirement
Proposal 3 : Requirements for NR CGI reading are targeted at ANR use cases
Proposal 4 : For the use cases in proposal 3, a greater emphasis should be put on minimising impact to UE and system operation, compared to developing a robust ANR procedure.
Proposal 5 : RX  beam sweeping is not assumed for MIB decoding in FR2
Proposal 6: AGC/AFC refinement is needed for MIB decoding. (option 1)
Proposal 7 : RX beam sweep is not needed for SIB1 decoding in FR2
Proposal 8 : AGC is not needed for SIB1 decoding (option 2)
Proposal 9 :  The known cell condition is that the SSB(s) which triggered the measurement report should remain detectable with the same RX beam  until the CGI report is completed. No unknown cell CGI reporting requirement should be defined. An SSB is known if  max(5 seconds, 5DRX cycles) has elapsed between the measurement report and the completion of the CGI reporting period
Proposal 10 : For MIB decoding interruption 4 symbols + 2*RF tuning time during each autonomous gap is assumed. A generic ACK/NACK requirement is derived, which covers both sync and async timing between serving and target cell.
Observation 1 : The PDCCH and PDSCH for SIB1 in NR has flexibility, which will significantly impact the number of needed SIB1 decoding attempts.
Proposal 11: SIB1 configuration for NR CGI reading is based on a representative configuration of PDCCH and PDSCH
Proposal 12 : The following parameters are used for SIB1 PDSCH simulation Physical channel configuration as per table A.3.1.1.1-1 in TS38.133 with the following modifications to fit SIB1 payload
	Parameter
	Unit
	Value

	Reference channel
	
	SR.1.1 FDD
	
	
	
	
	
	

	Channel bandwidth
	MHz
	10
	
	
	
	
	
	

	Number of transmitter antennas
	
	1
	
	
	
	
	
	

	Allocated resource blocks for PDSCH Note 1
	
	24
	
	
	
	
	
	

	Allocated slots per Radio Frame
	
	10
	
	
	
	
	
	

	  Radio frame containing SSB
	slots
	Note 5
	
	
	
	
	
	

	  Radio frame not containing SSB
	slots
	10
	
	
	
	
	
	

	MCS index
	
	7
	
	
	
	
	
	

	Modulation
	
	QPSK
	
	
	
	
	
	

	Target Coding Rate
	
	0.52
	
	
	
	
	
	

	Number of control symbols
	
	2
	
	
	
	
	
	

	PDSCH mapping type
	
	Type A
	
	
	
	
	
	

	Information Bit Payload
	
	
	
	
	
	
	
	

	  For slots with RMSI Note 2
	bits
	3124
	
	
	
	
	
	

	Number of Code Blocks per slot
	
	1
	
	
	
	
	
	

	Binary Channel Bits Per slot
	
	
	
	
	
	
	
	

	  For slots with RMSI Note 2, Note 4
	bits
	6048
	
	
	
	
	
	

	Note 1:	Allocated outside the SMTC duration in time and in resource blocks which do not overlap with the resource blocks allocated for SS/PBCH block.
Note 2:	PDSCH is scheduled on the slots with RMSI.
Note 3:	If necessary the information bit payload size can be adjusted to facilitate the test implementation. The payload sizes are defined in TS 38.213 [3].
Note 4:	Derived based on the PDSCH DMRS assumption: dmrs-TypeA-Position=2, dmrs-Type=1, dmrs-AdditonalPositions=2, maxLength=1, Antenna port index: 1000, and Number of PDSCH DMRS CDM group(s) without data: 1.
Note 5:	PDSCH is not scheduled in slots containing SSB according to the SSB configuration used in the test. SSB configurations are defined in section A.3.10.



Proposal 13 : For inter-frequency CGI reading the side condition is Es/Iot = -6dB for both SSB and RMSI
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