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1. Introduction

In RAN4#93, the RRM requirements for CGI reading were further discussed. The following agreements are captured in the WF [1].
	· 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

· 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

· MIB decoding delay in FR2

· [5] samples

· SIB1 decoding delay

· Based on simulation results

· FFS AGC/AFC for MIB decoding 

· FFS AGC for SIB1 decoding

· FFS beam sweeping for MIB decoding

· FFS if Beam sweeping is needed for SIB1 decoding in FR2 

· SINR Side condition for NR CGI reading 

· For inter-frequency, Es/Iot = -[6]dB for both SSB and RMSI

· It depends on the discussion on known CGI reading condition in FR2


In this paper, we will provide our views on remaining issues for CGI reading requirements.
2. Discussion
2.1. Known condition and Tx/Rx beam
The main controversial issue in RAN4#93 discussion was which Tx/Rx beam UE is assumed to use during MIB and SIB1 decoding for CGI reading. There are two options as listed in Table 1 with their respective pros and cons. The two options represents a trade-off between reliability of CGI reading and the system impact due to CGI reading. 
Table 1: Analysis of two options for determining Tx/Rx beam for CGI reading
	No.
	UE behaviour 
	Pros
	Cons

	1
	UE attempts decoding on all Tx beams, and with Rx beam sweeping if applicable
	Higher reliability

CGI reading can still succeed if UE moves or rotates during CGI reading time.
	More interruptions during CGI reading
For example, for each MIB decoding attempt, UE will try to decode PBCH associated with all SSBs, so the interruption length equals to SMTC duration.

Longer CGI reading delay
Rx beam sweeping is needed in FR2 for UE to find the best Tx beam

	2
	UE attempts decoding on a fixed Tx beam, and with fixed Rx beam
	Less interruptions during CGI reading

For example, for each MIB decoding attempt, UE will try to decode PBCH associated with one SSBs, so the interruption length equals to 4 symbols.

Shorter CGI reading delay

Rx beam sweeping is not needed in FR2
	Lower reliability

CGI reading may fail if UE moves or rotates during CGI reading time.


2.1.1. MIB decoding

For MIB decoding, our preference is option 1. This will reduce the restriction in known cell condition, i.e. the target cell is considered to be known as long as at least one SSB remains detectable. In contrast, with option 2, a specific SSB, e.g. the one reported before receiving the CGI reading command, needs to remain detectable with same Rx beam. 

If above is agreeable, the delay and interruption for MIB decoding should be defined as:
Proposal 1: For MIB decoding, UE is assumed to attempt decoding on all Tx beams, and with Rx beam sweeping if applicable
· TMIB is 5*N SMTC periods, where N=1 for FR1 and N=8 for FR2

· For each SMTC period during TMIB, the interruption length is SMTC duration plus RF re-tuning time and time misalignment

2.1.2. SIB1 decoding
For SIB1 decoding we prefer to use option 2. Since UE will attempt to decode SIB1 right after MIB decoding, it can use the Tx/Rx beam determined during MIB decoding for SIB1 with reasonable reliability. If option 1 is used, there would be much more interruption in addition to SMTC, and this is another benefit of using option 2 for SIB1 decoding.
For RMSI/SSB multiplexing pattern 1, the default SIB1 scheduling period is 20ms, while the actual scheduling period is up to network implementation, e.g. network may schedule SIB1 transmission every 40ms. The delay for SIB1 decoding should be defined based on actual scheduling period, and the interruption should be defined based on default SIB1 scheduling period as UE would attempt every 20ms.
For RMSI/SSB multiplexing pattern 2/3, SIB1 is transmitted on same symbols as SSB. SIB1 scheduling period is same as SMTC period, so both the delay and the interruption for SIB1 decoding should be defined based on SMTC period.

If above is agreeable, the delay and interruption for SIB1 decoding should be defined as:
Proposal 2: For SIB1 decoding when SIB1 is TDM with SSB, UE is assumed to attempt decoding on a fixed Tx beam, and with fixed Rx beam
· TSIB1 is Y SIB1 scheduling periods, where Y is to be derived from simulation 
· RMSI/SSB multiplexing pattern 1: For each 20ms period during TSIB1, the interruption length is 2 slots plus RF re-tuning time and time misalignment
· RMSI/SSB multiplexing pattern 2/3: For each SMTC period during TSIB1, the interruption length is 4 symbols plus RF re-tuning time and time misalignment
2.1.3. Known condition

If above proposed UE behaviour for MIB and SIB1 decoding is agreeable, the known condition for CGI reading can be defined correspondingly.
Proposal 3: The known condition for CGI reading is defined as follows.
· During the period equal to 5s before the reception of CGI reading command the UE has sent a valid measurement report for the target cell, and

· During the period of TMIB, at least one SSB of the target cell remains detectable according to the cell identification conditions, and
· During the period of TSIB1, the best SSB for MIB decoding of the target cell remains detectable with the same spatial reception parameter according to the cell identification conditions 

2.2. AGC

Besides the UE behaviour in terms of Tx/Rx beam, another open issue in RAN4#93 discussion was whether AGC is needed for MIB and SIB1 decoding. In our view, since the cell is known to UE (meaning UE has detected the SSB of the target cell), additional samples for AGC for MIB decoding is not needed. For SIB1 decoding, however, as the BW is change from 20 PRBs for MIB decoding to 24/48/96 PRBs for SIB1 decoding), additional samples for AGC may be needed. As for inter-frequency RRM measurement, we suggest to allow 3 SMTC samples for AGC.
Proposal 4: 3 SMTC samples are allowed for AGC settling for SIB1 decoding.
2.3. Impact to RRM measurements
RAN4 has not discussed the inter-action between CGI reading and other RRM measurements, which we understand needs to be clarified for the introduction of CGI reading requirements. We use the SMTC and measurement gap configuration in Figure 1 as an example to discuss the issue.
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Figure 1: An example of SMTC and measurement gap configuration 
In Figure 1, UE is configured with 3 carriers, with 2 of them as inter-frequency (F1 and F2) and 1 as intra-frequency (F3), and as in typical case, F1 and F2 are measured with gaps and F3 is measured without gaps. The measurement gap is configured to cover half the SMTC windows. As a result, for normal RRM measurement, F1 and F2 are measured with the red-coloured SMTC and are sharing the gaps; F3 is measured with blue-coloured SMTC. 

Now with CGI reading commanded for a target cell on F1, there can be 2 options on how to use the SMTC:
· Option 1: CGI reading is considered as normal RRM measurements. This means CGI reading is only performed in red-coloured SMTC and with gap sharing. The CGI reading time should be scaled in the same way as RRM measurement for F1. At the same time, RRM measurement on F2 and F3 continues and UE should meet the existing requirements.

· Option 2: CGI reading is prioritized. This means CGI reading is performed in every SMTC of F1. There is no scaling to the CGI reading time, but the RRM measurement on F2 and F3 will be impacted (UE will tune its RF to F1 and cannot receive on F2 and F3) and UE should not be required to meet the existing RRM measurement requirements.
Besides RRM measurements, CGI reading may also inter-act with L1 measurement, e.g. the SMTC of the target cell may overlap with SSBs for L1 measurement, or the SIB1 slots may overlap with CSI-RS for L1 measurement. RAN4 should discuss which option is assumed for CGI reading to settle the requirements for both CGI reading time and RRM/L1 measurement. 

Considering that CGI reading is not a critical task and its system impact should be minimized, our preference is to adopt option 1 for MIB decoding and option 2 for SIB1 decoding. This means
· 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.

Proposal 5: For CGI reading,
· 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.
3. Conclusions

In this paper we provided our views on remaining issues for CGI reading requirements.
Proposal 1: For MIB decoding, UE is assumed to attempt decoding on all Tx beams, and with Rx beam sweeping if applicable
· TMIB is 5*N SMTC periods, where N=1 for FR1 and N=8 for FR2

· For each SMTC period during TMIB, the interruption length is SMTC duration plus RF re-tuning time and time misalignment

Proposal 2: For SIB1 decoding when SIB1 is TDM with SSB, UE is assumed to attempt decoding on a fixed Tx beam, and with fixed Rx beam
· TSIB1 is Y SIB1 scheduling periods, where Y is to be derived from simulation 
· RMSI/SSB multiplexing pattern 1: For each 20ms period during TSIB1, the interruption length is 2 slots plus RF re-tuning time and time misalignment
· RMSI/SSB multiplexing pattern 2/3: For each SMTC period during TSIB1, the interruption length is 4 symbols plus RF re-tuning time and time misalignment
Proposal 3: The known condition for CGI reading is defined as follows.

· During the period equal to 5s before the reception of CGI reading command the UE has sent a valid measurement report for the target cell, and

· During the period of TMIB, at least one SSB of the target cell remains detectable according to the cell identification conditions, and

· During the period of TSIB1, the best SSB for MIB decoding of the target cell remains detectable with the same spatial reception parameter according to the cell identification conditions 

Proposal 4: 3 SMTC samples are allowed for AGC settling for SIB1 decoding.
Proposal 5: For CGI reading,

· 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.
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