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1. Introduction

The WID of Rel-16 RRM enhancement is approved at RAN#84 [1]. One objective of the WI is to define RRM requirements for CGI reading with autonomous gaps.

	CGI reading requirements with autonomous gap for NR capable UE 

· CGI reading for NR cell (NR capable UE in LTE SA, NR SA UE, EN-DC UE, NE-DC UE, and NR-DC)

· CGI reading for LTE cell (NR SA UE, EN-DC UE, NE-DC UE, and NR-DC UE)


In this paper we will provide our initial views on the RRM requirements for CGI reading.
2. Discussion
2.1. Measurement on LTE cells
In Rel-15, the RRM requirements for CGI reading on LTE cells with autonomous gaps are not defined for UE in NR SA, EN-DC, NE-DC, or NR-DC, mainly due to time limit. When UE is in LTE SA, the current LTE requirements in section 8.1.2.2 and 8.1.2.3 of 36.133 would apply.
The requirements includes mainly two parts

· The measurement period within which UE should be able to obtain the CGI of a target cell

· The number of available ACK/NACKs during the measurement period, which effectively defines the number of subframes allowed to be interrupted due to autonomous gaps 

In our view, when UE is in NR SA, EN-DC, NE-DC, or NR-DC, and is configured to report CGI for an LTE cell, the measurement period requirements can be re-used from that for LTE SA, as we see no impact of serving cell situation (whether UE has an NR serving cell) on the measurement behaviour on the target LTE cell.
The requirements on number of ACK/NACKs should be adapted considering the NR numerology. When reading CGI on LTE cell, UE is assumed to cause interruption to the serving cells of certain length, e.g. 4ms for each attempt of MIB/SIB1 decoding, and that should be translated into number of interrupted slots based on SCS of the NR serving cell. 
According to the discussions for inter-RAT RSTD measurement in Rel-15, the number of available ACK/NACKs for the NR serving cells would be mainly depending on 
· the SCS of the NR serving cell
· the UL/DL allocation of the NR serving cell
We think for CGI reading on LTE cells, it can be calculated in the same way and assuming same autonomous gaps as in LTE SA.
Proposal 1: For CGI reading on LTE cells when UE is in NR SA, EN-DC, NE-DC or NR-DC, 

· measurement period is re-used from the requirements when UE is LTE SA
· number of available ACK/NACKs on NR serving cells is calculated in the same way as for inter-RAT RSTD measurement in Rel-15 assuming same interruptions as in LTE SA
2.2. Measurement on NR cells
For CGI reading on NR cells, similar to LTE, UE needs following actions in order to obtain the CGI of the NR target cell:

· AGC/tracking for MIB reading, and RF re-tuning in case of inter-frequency
· MIB decoding
· AGC/tracking for RMSI reading, and RF re-tuning in case of inter-frequency or BW change

· RMSI reading

Next, we will analyse the time needed for each step and interruption it may cause to the serving cells.

2.2.1. MIB decoding

In NR, MIB is carried on PBCH which is part of SSB. In Rel-15 RAN4 has evaluated the time needed for PBCH decoding when defining the RRM requirements for SSB index detection for FR2 (where the 3 MSB of the SSB index information is included in the PBCH payload), and the corresponding requirements are defined in Table 9.3.4-4 of 38.133. 

Table 9.3.4-4: Time period for time index detection (Frequency range FR2)

	Condition NOTE1,2
	TSSB_time_index_inter

	No DRX
	max(200ms, MSSB_index_inter x max(MGRP, SMTC period)) x CSSFinter

	DRX cycle ≤ 320ms
	max(200ms, (1.5 x MSSB_index_inter) x max(MGRP, SMTC period, DRX cycle)) x CSSFinter

	DRX cycle > 320ms
	MSSB_index_inter x DRX cycle x CSSFinter

	NOTE 1: 
DRX or non DRX requirements apply according to the conditions described in clause 3.6.1

NOTE 2: 
In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.


The requirement of MSSB_index_inter is based on 5 samples needed for decoding and Rx beam sweeping for FR2. It is defined only for FR2 because in FR1 UE does not need to decode PBCH to obtain SSB index. It is only defined for inter-frequency because in FR2 UE can always obtain the SSB index information for intra-frequency neighbour cells based on serving cell. 
In our view, the same requirement can be re-used for FR1 and intra-frequency. Also, MSSB_index_inter already includes the time needed for both AGC/tracking and PBCH decoding. Therefore, for CGI reading, the time needed for UE to decode MIB (to get SFN and RMSI scheduling information) can be assumed as MMIB SSB samples, where MMIB = 5 for FR1 and 24/40 for FR2. For intra-frequency, UE can obtain one SSB sample per SMTC period, and for inter-frequency one SSB sample per MGRP.
Proposal 2: For CGI reading on NR cells, the time needed for MIB decoding is MMIB SSB samples, where MMIB = 5 for FR1 and 24/40 for FR2. 
· For intra-frequency, one SSB sample corresponds to one SMTC period, 
· For inter-frequency, one SSB sample corresponds to one max(MGRP, SMTC period).

For the interruption, we do not think UE would need to cause autonomous gaps to read MIB for NR cells. For intra-frequency, UE already needs to decode PBCH for RRM and it does not cause interruption (it should be noted that there are scheduling restrictions due to mixed numerology and RX beam sweeping). For inter-frequency, UE would use configured measurement gaps.
Proposal 3: For CGI reading on NR cells, MIB decoding would not cause autonomous gaps provided

· For intra-frequency, same scheduling restriction is allowed as for RRM measurement, 

· For inter-frequency, measurement gaps are configured 
2.2.2. RMSI decoding

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, some SSB samples for UE to do AGC and fine tracking is needed before UE can decode RMSI of the target cell. We suggest the number of samples is 2 for FR1, and corresponding 12/16 for FR2. Like for MIB decoding, as UE is using SSB samples, it would not cause autonomous gaps. 
Proposal 4: For CGI reading on NR cells, the time needed for AGC/tracking before RMSI decoding is MRMSI_prep SSB samples, where MMIB = 2 for FR1 and 12/16 for FR2.

· For intra-frequency, one SSB sample corresponds to one SMTC period, 
· For inter-frequency, one SSB sample corresponds to one max(MGRP, SMTC period).

Proposal 5: For CGI reading on NR cells, AGC/tracking before RMSI decoding would not cause autonomous gaps provided

· For intra-frequency, same scheduling restriction is allowed as for RRM measurement, 

· For inter-frequency, measurement gaps are configured 
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.
The exact number of RMSI samples required to decode RMSI (e.g. with 99% probability) would need to be further discussed. It would depend on the assumption of PDCCH and PDSCH transmission parameters.
Proposal 6: For CGI reading on NR cells, the time needed for RMSI decoding is MRMSI RMSI samples, where MRMSI is FFS. For both intra- and inter-frequency, one RMSI sample corresponds to the actual RMSI scheduling period in the target cell.
UE may need to cause autonomous gaps for RMSI decoding, as UE has to decode PDCCH and PDSCH in a neighbour cell. The length of autonomous gap for each decoding attempt should include the twice the RF re-tuning time, the duration of PDCCH and PDSCH for RMSI (PDCCH monitoring occasion for type0-CSS set spans over 2 slots, and for RMSI the PDSCH is typically in the same slot as PDCCH), and the margin to account for the receive time difference between the serving cell and the target cell. It should be noted that as UE does not know the actual RMSI scheduling periodicity, the interruption should be allowed for the minimum scheduling RMSI period, i.e. 20ms.
Proposal 7: For CGI reading on NR cells, autonomous gaps are assumed for UE attempting to decode RMSI every 20ms, and the length of each autonomous gap should include
· twice the RF re-tuning time, and

· the duration of PDCCH and PDSCH for RMSI, and 
· the margin for the receive time difference between the serving cell and the target cell
2.2.3. Side condition
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 on a target cell if UE has reported the cell in RRM measurement, i.e. the cell should be known to UE. This is also reflected in the CGI reading requirements that UE is not allowed time to do cell detection or RRM measurement, but only the time for MIB and RMSI decoding. Therefore, the CGI reading requirements should be conditioned on that the target cell is known.
The known condition can be re-used from HO requirements, i.e. the target cell has been reported by the UE in last 5s when the UE is configured to do CGI reading, and one SSB of the target cell has been detectable and remains detectable during the CGI measurement period. In addition, during measurement period for the CGI reading, the PBCH and PDCCH/PDSCH for RMSI of the target cell should be above the demodulation conditions.

Proposal 8: The requirements CGI reading on NR cells apply provided that the target cell is known to the UE. The definition of known cell can be re-used from HO requirements. In addition, during measurement period for the CGI reading, the PBCH and PDCCH/PDSCH for RMSI of the target cell should be above the demodulation conditions.
3. Conclusions

In this paper we provided our initial views on the CGI reading requirements for NR capable UEs.
Proposal 1: For CGI reading on LTE cells when UE is in NR SA, EN-DC, NE-DC or NR-DC, 

· measurement period is re-used from the requirements when UE is LTE SA

· number of available ACK/NACKs on NR serving cells is calculated in the same way as for inter-RAT RSTD measurement in Rel-15 assuming same interruptions as in LTE SA

Proposal 2: For CGI reading on NR cells, the time needed for MIB decoding is MMIB SSB samples, where MMIB = 5 for FR1 and 24/40 for FR2. 
· For intra-frequency, one SSB sample corresponds to one SMTC period, 
· For inter-frequency, one SSB sample corresponds to one max(MGRP, SMTC period).

Proposal 3: For CGI reading on NR cells, MIB decoding would not cause autonomous gaps provided

· For intra-frequency, same scheduling restriction is allowed as for RRM measurement, 

· For inter-frequency, measurement gaps are configured 
Proposal 4: For CGI reading on NR cells, the time needed for AGC/tracking before RMSI decoding is MRMSI_prep SSB samples, where MMIB = 2 for FR1 and 12/16 for FR2.

· For intra-frequency, one SSB sample corresponds to one SMTC period, 
· For inter-frequency, one SSB sample corresponds to one max(MGRP, SMTC period).

Proposal 5: For CGI reading on NR cells, AGC/tracking before RMSI decoding would not cause autonomous gaps provided

· For intra-frequency, same scheduling restriction is allowed as for RRM measurement, 

· For inter-frequency, measurement gaps are configured 
Proposal 6: For CGI reading on NR cells, the time needed for RMSI decoding is MRMSI RMSI samples, where MRMSI is FFS. For both intra- and inter-frequency, one RMSI sample corresponds to the actual RMSI scheduling period in the target cell.
Proposal 7: For CGI reading on NR cells, autonomous gaps are assumed for UE attempting to decode RMSI every 20ms, and the length of each autonomous gap should include

· twice the RF re-tuning time, and

· the duration of PDCCH and PDSCH for RMSI, and 
· the margin for the receive time difference between the serving cell and the target cell
Proposal 8: The requirements CGI reading on NR cells apply provided that the target cell is known to the UE. The definition of known cell can be re-used from HO requirements. In addition, during measurement period for the CGI reading, the PBCH and PDCCH/PDSCH for RMSI of the target cell should be above the demodulation conditions.
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