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1. Introduction

In RAN4#94-e, the requirements for NR CGI reading were discussed and the outcomes are captured in the agreed WF [1]. Based on our understanding, the remaining issues include:
· Selection of SSB for MIB decoding and impacts to other RRM requirements  
· Known condition (depends on the conclusion from the above issue)
· Side condition and assumption on soft combining for SIB1 decoding
· AGC/AFC for MIB decoding 
· Interruption requirements 
In this paper, we will provide our views on the above issues in NR CGI reading requirements.
2. Discussion
2.1. MIB decoding 
In [1] the following options are listed for MIB decoding.
	· 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
· 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
· MIB decoding delay for FR2

· Option 1 : [5] * TSMTC, where TSMTC is SMTC periodicity of target cell.

· Option 2 : [5] * N * TSMTC, where N = 8 and TSMTC is SMTC periodicity of target cell.

· Note: Depending on outcome of how the SSB is selected for MIB decoding.


In our view, there are fundamentally two options for MIB decoding.
· Option 1: UE decodes the MIB of the target cell as part of RRM measurement

· Tx beam: UE searches best SSB in the SMTC window and decodes MIB from that SSB

· Rx beam: UE searches best Rx beam with Rx beam sweeping in FR2

· Option 2: UE prioritizes MIB decoding of the target cell over RRM and L1 measurement 

· Tx beam: UE decodes MIB on the best SSB determined from RRM measurement before CGI reading

· Rx beam: UE uses the best Rx beam determined from RRM measurement before CGI reading

In Table 1 we give a comparison between option 1 and option 2 from several aspects.

Table 1: Comparison between option 1 and option 2 for MIB decoding

	
	Option 1
	Option 2
	Remarks

	MIB decoding delay
	Long
	Short
	The decoding delay with option 1 is 5*SMTC*N, where N is the same scaling factor as for RRM measurement
The decoding delay with option 2 is 5*SMTC

	Interruption
	FR1: long
	FR1: short
	For option 1, the interruption length is SMTC duration.

For option 2, the interruption length is 4 symbols.

	
	FR2: no
	FR2: no
	For both option 1 and option 2, there is no additional interruption because the SMTC duration cannot be used anyway due to scheduling restriction.

	Reliability of CGI reading
	Good
	Risky 
	UE searches best Tx and Rx beam with option 1.
For option 2, the Tx and Rx beam determined from previous RRM measurement.

	Impacts to RRM measurement
	None
	High 
	With option 1, UE can meet the existing RRM and L1 measurement requirements during MIB decoding.
With option 2, UE would use every STMC occasion for CGI reading and thus drop RRM and L1 measurement with overlapping resources.


From Table 1, we can see that the main drawbacks of option 1 are 
· MIB decoding delay is longer. However, we understand CGI reading is not a time critical measurement, so a longer delay is not a big issue. 

· Interruption length for FR1 is longer. However, as CGI reading is not a frequent task, we understand the impact on UE throughput will be minor.

On the other hand, the advantage of option 1 is that 
· CGI reading would be more reliable compared to option 2. This is because with option 2, the best Tx and Rx beam may become invalid due to UE movement or rotation and in such cases the CGI reading would fail, and this causes resource waste from both UE and network perspective. 
· RRM requirements can be met during MIB decoding time. As CGI reading is best effort, we do not see the point why UE should stop RRM and L1 measurement and prioritize CGI. 
Based on above analysis, we propose
Proposal 1: UE decodes the MIB of the target cell as part of RRM measurement

· TMIB is 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
2.2. Known condition
Known condition is heavily depending on the assumption for MIB decoding. 
· Following Proposal 1, UE searches best Tx and Rx beam for MIB decoding, so the target cell will be considered as known as long as any of the SSBs remains detectable during TMIB, and also it does not need to be based on same Rx beam as used for RRM reporting. 

· As a contrast, if option 2 is adopted, the target cell will be considered as known only when the same SSB as used for RRM reporting remains detectable with the same Rx beam.
For SIB1 decoding, it seems a common understanding from RAN4#94-e discussion that UE will use the same Tx and Rx beam as used for MIB decoding. 
Based on The known condition should be

Proposal 2: The known condition for CGI reading is defined as follows.

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

· X=5 for FR1 and X=1.28 for FR2

· 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 SSB of the target cell used for MIB decoding remains detectable with the same spatial reception parameter according to the cell identification conditions 

2.3. SIB1 decoding
In [1] the following open issues are captured related to SIB1 decoding delay.
	· 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


Our preference is option 2.
· Option 1 means the side condition for SIB1 decoding is different from that for MIB decoding, for which we do not see a clear motivation. We acknowledge that the performance with single shot decoding is robust to interference condition and propagation channels, but it means the requirements are applicable is less scenarios (only when UE is close enough to the target cell).

· Option 3 does not lead to a different delay requirement from option 2 because we need to consider the worst case where UE cannot get 4 samples in the remaining time of the SIB1 TTI, and would need to start over the soft combining in the next TTI. On the other hand, option 3 is not applicable for 80ms SIB1 scheduling periodicity, while option 2 is.

· Option 4 imposes a strong implication on UE implementation because cross-TTI combining has not been assumed in normal LTE and NR so far. We also do not see it as a critical enhancement for CGI reading. If the SIB1 decoding performance is really deemed an issue from real deployment, we suggest to further study it in a dedicated WI. 
Proposal 3: Adopt option 2 for defining SIB1 decoding delay. 

· Soft combining of 2 samples at -6dB SNR
· No CGI reading requirements for 160ms SIB1 scheduling periodicity
2.4. AGC/AFC for MIB decoding
In [1] the following open issue is captured related to AGC/AFC for MIB decoding.
	· AGC/AFC for MIB decoding

· Option 1: 1 sample for AGC/AFC during MIB decoding

· Option 2: No AGC/AFC is assumed during MIB decoding


In our view, 1 sample for AGC/AFC is needed for MIB decoding, regardless of whether option 1 or option 2 in section 2.1 for MIB decoding is adopted. This is because before CGI reading the gain setting and the tracking loop are based on the serving cell and is not optimized for decoding MIB and SIB1 from a neighbor cell. UE would need 1 SSB sample to train the AGC and tracking loop to prepare for the decoding task.
Proposal 4: 1 sample is assumed for AGC/AFC for MIB decoding. 

2.5. Interruption requirements 
Issue 1: how interruption requirements are going to be defined 
In [1] some options are listed related to how interruption requirements are going to be defined.

	· 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

· Other options are not precluded


Our preference is option 2. The values for X, Y, K1 and K2 will be straightforward once RAN4 agrees on the MIB and SIB1 decoding behavior. The problem is option 1 is that the actual MIB and SIB1 decoding delay may be up to UE implementation as long as the total CGI reading delay requirement is met, so it is hard to define the ratio to accommodate all UE implementations.

Proposal 5: Adopt option 2 for defining interruption requirements for CGI reading.

· 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 
Issue 2: interruption due to MIB decoding
The number of interruptions (X) due to MIB decoding is 
· FR1: 5
· FR2: N/A, this is because there is no additional interruption due to MIB decoding (the SMTC duration cannot be used anyway due to scheduling restriction)
Following option 1 in section 2.1, the interruption length (K1) due to MIB decoding is 

· FR1: SMTC duration plus margin (the margin is for the RF re-tuning time and time misalignment between the serving cell and the target cell)
· FR2: N/A

Proposal 6: For MIB decoding, 

· FR1, X = 5 and K1 = (SMTC duration + margin)

· FR2: no additional interruption than the existing scheduling restriction
Issue 3: interruption due to SIB1 decoding
The number of interruptions (Y) due to SIB1 decoding is 

· TSIB1/20 for multiplexing pattern 1. This is based on the assumption that UE attempts to decode SIB1 based on the default scheduling periodicity of 20ms. 

· TSIB1/TSMTC for multiplexing pattern 2/3. This is based on the assumption that UE attempts to decode SIB1 based on the default scheduling periodicity which is the SMTC periodicity.

In RAN4#94-e, some companies proposed to introduce assistance data on the actual scheduling periodicity for SIB1, such that the number of interruptions is reduced as UE only attempts at the opportunities indicated to be actually scheduled. Although we can understand the motivation, we do not think the solution can apply for CGI reading, in which case the serving cell likely does not have any information about the target cell.
The interruption length (K2), according to the duration of PDCCH and PDSCH for RMSI defined in RAN1 specification, is 

· 2 slots plus margin for multiplexing pattern 1

· 7 symbols plus margin for multiplexing pattern 2
· 4 symbols plus margin for multiplexing pattern 3

Proposal 7: For SIB1 decoding, 

· multiplexing pattern 1, Y = TSIB1/20, K2 = (2 slots + margin)
· multiplexing pattern 2, Y = TSIB1/TSMTC, K2 = (7 symbols + margin)
· multiplexing pattern 3, Y = TSIB1/TSMTC, K2 = (4 symbols + margin)
3. Conclusions

In this paper we provided our views on the NR CGI reading requirements.
Proposal 1: UE decodes the MIB of the target cell as part of RRM measurement

· TMIB is 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
Proposal 2: The known condition for CGI reading is defined as follows.

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

· X=5 for FR1 and X=1.28 for FR2

· 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 SSB of the target cell used for MIB decoding remains detectable with the same spatial reception parameter according to the cell identification conditions 

Proposal 3: Adopt option 2 for defining SIB1 decoding delay. 

· Soft combining of 2 samples at -6dB SNR
· No CGI reading requirements for 160ms SIB1 scheduling periodicity
Proposal 4: 1 sample is assumed for AGC/AFC for MIB decoding. 

Proposal 5: Adopt option 2 for defining interruption requirements for CGI reading.

· 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 6: For MIB decoding, 

· FR1, X = 5 and K1 = (SMTC duration + margin)

· FR2: no additional interruption than the existing scheduling restriction
Proposal 7: For SIB1 decoding, 

· multiplexing pattern 1, Y = TSIB1/20, K2 = (2 slots + margin)
· multiplexing pattern 2, Y = TSIB1/TSMTC, K2 = (7 symbols + margin)
· multiplexing pattern 3, Y = TSIB1/TSMTC, K2 = (4 symbols + margin)
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