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1. Introduction

In RAN4#92bis, UE requirements for CGI reading on NR cells were discussed, and following agreements are captured in the agreed WF [1].

	· 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.

· 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.


A number of open issues are also listed in [1]:

	· 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

· 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


In this paper, we will provide our views on the remaining open issues in NR CGI reading requirements.

2. Discussion
2.1. General assumptions for CGI reading

Our understanding on the timeline for CGI reading is shown in Figure 1. UE conducts CGI reading of a target cell if it is configured ReportCGI in a report configuration. Network will also include cellForWhichToReportCGI in the same configuration, which is the PCI of the target cell. Typically, network asks UE to do CGI reading for a target cell if UE has reported the cell in RRM measurement, but the network does not have the information about the cell. 
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Figure 1: Illustration of timeline for CGI reading
The next question is whether UE is assumed to do RRM measurement during the CGI reading time. 

· If UE continues RRM measurement,
· UE could update the Tx and Rx beam based on the RRM measurement, e.g. if during CGI reading time, the best SSB determined before receiving CGI reading configuration becomes un-detectable, but another SSB becomes detectable, UE could use the new SSB for CGI reading
· UE cannot use every SMTC window for CGI reading, e.g. in FR2 Rx beam sweeping is needed for RRM measurement, or UE may need to measure another carrier frequency in some SMTC windows, so basically the time for MIB (and RMSI if FDM-ed with SSB) decoding will be longer
· If UE stops RRM measurement, 
· UE could not update Tx or Rx beam during CGI reading time, so CGI reading may fail if Tx or Rx beam changes during the CGI reading time (as the receive SINR of MIB and RMSI is lower than side condition), and UE cannot meet the corresponding requirements
· UE can devote every SMTC window for CGI reading, so the time for MIB (and RMSI if FDM-ed with SSB) decoding will be short 
Our preference is that UE is assumed to use every SMTC window for CGI reading after receiving the CGI reading configuration for following reasons:

· with short CGI reading time, the probability of Tx or Rx beam change is also low, so the success rate of CGI reading may still be reasonable. 
· CGI reading for ANR is somehow best effort, i.e. if one UE could not succeed in getting CGI of a target cell due to moving or rotation, network could ask another UE to try again

· if the CGI reading time is too long, there will also be more interruptions due to autonomous gaps 
Therefore, the CGI reading requirements should apply based on the condition that 
· During the period equal to [X]s before UE receives the configuration of CGI reading UE has sent a valid L3-RSRP measurement report for the target cell with SSB index
· During the CGI reading time, the reported SSB remain detectable with the same spatial reception parameter.
Proposal 1: CGI reading requirements should apply based on the condition that
· During the period equal to [X]s before UE receives the configuration of CGI reading UE has sent a valid L3-RSRP measurement report for the target cell with SSB index
· During the CGI reading time, the reported SSB remain detectable with the same spatial reception parameter.
Proposal 2: During CGI reading time, UE is not expected to meet RRM measurement requirements.
2.2. MIB decoding
For MIB decoding, the remaining open issues are 
· whether Rx beam sweeping is needed in FR2

· whether AGC/AFC is needed

· the length of each autonomous gap 

Based on our discussion in section 2.1, UE would not need to do Rx beam sweeping for FR2 MIB decoding, instead it can use the Rx beam determined based on RRM measurement before receiving the CGI reading configuration. 
Also, UE does not need to try reading MIB from all SSBs, instead it can simply try to decode the MIB on the SSB determined based on RRM measurement before receiving the CGI reading configuration, so the interruption length for each MIB decoding attempt is the sum of 500us (RF re-tuning time for switching to the target frequency), 4 symbols of target SSB SCS, 500us (RF re-tuning time for switching back from the target frequency) and 1 slot of serving cell SCS (for time misalignment between the serving cell and the target cell).
On whether AGC/AFC is needed for MIB decoding, we think it should be left to UE implementation, but RAN4 should define the total number of samples for MIB decoding, and in our view, 5 samples are sufficient.

Based on above discussions, the assumption for MIB decoding are as follows for CGI reading requirements:

Proposal 3: MIB decoding time in CGI reading requirement is 5 SMTC periods for both FR1 and FR2.
Proposal 4: Interruption length for each MIB decoding attempt is the 1000us + 4 symbols (of target SSB SCS) + 1 slot (of serving cell SCS).
2.3. RMSI decoding

For RMSI decoding, the remaining open issues are 

· whether Rx beam sweeping is needed in FR2

· whether AGC is needed

· the length of each autonomous gap 

As each RMSI is QCL-ed with its associated SSB, similar as for MIB decoding, UE can use the best Rx beam determined based on RRM measurement before receiving CGI reading configuration, so it does not need to do Rx beam sweeping for RMSI decoding. 
Also, UE needs to only try to decode the RMSI corresponding to the SSB determined based on RRM measurement before receiving CGI reading configuration, so the interruption length for each RMSI decoding attempt is the sum of 500us (RF re-tuning time for switching to the target frequency), 1 or 2 slot of target cell DL SCS, 500us (RF re-tuning time for switching back from the target frequency) and 1 slot of serving cell SCS (for time misalignment between the serving cell and the target cell).
It should be noted that for RMSI decoding, UE would obtain the information of PDCCH monitoring occasions for type0-CSS set from MIB, and monitor (attempt to decode) every possible occasion. On the other hand, the actual RMSI scheduling periodicity is up to gNB implementation. For example, the periodicity of type0-CSS set is 20ms for RMSI/SSB multiplexing pattern 1, but gNB may schedule RMSI every 40ms. Therefore, the time needed for RMSI decoding should depend on the actual RMSI scheduling period, but the interruption is created every 20ms.

For RMSI decoding, as the BW of RMSI in neighbour cell could be different from the active BWP of the serving cell, UE may need to do RF re-tuning even for the intra-frequency case, e.g. to adjust the centre frequency and BW of the RF chain. In addition, the timing of neighbour cell is likely to be different from the serving cell, and UE would need to fine time/frequency tracking before it can decode PDCCH/PDSCH for RMSI of the neighbour cell. Therefore, we suggest to allow a margin of 2 samples for RMSI decoding on top of the number of samples needed for successful decoding NSIB1, which are to be studied based on simulations.

Another issue raised in RAN4#92bis is whether UE, after decoding MIB, should wait until it can guarantee NSIB1 attempts from the same TTI, or follow the same approach as LTE CGI reading and start SIB1 decoding at any point in the TTI. Our understanding is that UE should start RMSI decoding attempt as soon as it decodes MIB, which is same as in LTE.

Based on above discussions, the assumption for RSMI decoding are as follows for CGI reading requirements:

Proposal 5: RMSI decoding time in CGI reading requirement is 2+NSIB1 RMSI scheduling periods for both FR1 and FR2, where NSIB1 is up to further study in RAN4. UE is assumed to start SIB1 decoding at any point in the TTI.
Proposal 6: Interruption length for each RMSI decoding attempt (20ms) is the 1000us + 1 or 2 slot (of target cell DL SCS) + 1 slot (of serving cell SCS).
3. Conclusions

In this paper we provided our views on RRM requirements for CGI reading on NR cells.
Proposal 1: CGI reading requirements should apply based on the condition that
· During the period equal to [X]s before UE receives the configuration of CGI reading UE has sent a valid L3-RSRP measurement report for the target cell with SSB index
· During the CGI reading time, the reported SSB remain detectable with the same spatial reception parameter.
Proposal 2: During CGI reading time, UE is not expected to meet RRM measurement requirements.
Proposal 3: MIB decoding time in CGI reading requirement is 5 SMTC periods for both FR1 and FR2.

Proposal 4: Interruption length for each MIB decoding attempt is the 1000us + 4 symbols (of target SSB SCS) + 1 slot (of serving cell SCS).
Proposal 5: RMSI decoding time in CGI reading requirement is 2+NSIB1 RMSI scheduling periods for both FR1 and FR2, where NSIB1 is up to further study in RAN4. UE is assumed to start SIB1 decoding at any point in the TTI.
Proposal 6: Interruption length for each RMSI decoding attempt (20ms) is the 1000us + 1 or 2 slot (of target cell DL SCS) + 1 slot (of serving cell SCS).
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