

3GPP TSG-RAN WG4 Meeting #92bis	R4-1911562
Chongqing, China, 14 October – 18 October 2019

Source:	ZTE
Title:	Discussion on CGI reading of NR cell with autonomous gaps
Agenda item:	8.15.1.3
Document for:	Discussion

1. Introduction
A new WI on Rel-16 RRM requirements enhancement [1] was agreed in the RAN#84 meeting. In the RAN4#92 meeting, work plan for the WI [2] was agreed.  The plan for RAN4#92bis meeting is as follows.
	1) 3GPP RAN4 #92bis meeting (October, 2019, 2TU, Core part)
Work phase
· Initial discussion on RRM requirement of SRS carrier switching requirements for NR SA, NR-DC, EN-DC and NE-DC
· Initial discussion on RRM requirements of multiple Scell activation/deactivation in both FR1 and FR2
· Initial discussion on CGI reading requirements with autonomous gap for NR capable UE
· Initial discussion on RRM requirements of BWP switching on multiple CCs
· Initial discussion on inter-frequency measurement requirement without MG
· Initial draft CR(s) on TS38.133 is expected  




According to the WID [1], following aspects should be discussed for CGI reading.
	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 contribution we provide our views on requirements for CGI reading of NR neighbor cell with autonomous gaps for NR capable UE.

2. Discussion
In LTE the CGI reading delay requirements are as follows. 
	the UE shall be able to identify a new CGI of E-UTRA cell within:

	
Where
Tbasic_identify_CGI, intra = 150 ms. This is the time period used in the above equation where the maximum allowed time for the UE to identify a new CGI of an E-UTRA cell is defined, provided that the E-UTRA cell has been already identified by the UE.


The requirements are specified under the condition that the LTE cell has been already identified by the UE. So only the MIB decoding and SIB decoding delay are included in the delay requirements. The procedure to identify a CGI of an identified NR neighbor cell is similar to LTE, i.e. UE needs to read MIB and then SIB1 to obtain the necessary information for CGI. 
Proposal 1. Only MIB decoding time and SIB decoding time are included in CGI reading delay requirements for an NR cell provided it has already been identified.

MIB decoding
The MIB is always transmitted on the BCH with a periodicity of 80 ms and repetitions made within 80 ms.  The default SSB/PBCH transmission periodicity is 20ms, so there should be 4 repetitions with one MIB TTI. This is quite similar to LTE where there are 4 repetitions of MIB in 40ms periodicity. 
In Rel-15, the MIB decoding performance in FR2 was evaluated during the study of SSB index detection time. The simulation results were summarized in [3]. It was concluded that 3 samples without soft combining are needed to achieve at least 90 percentage of success decoding rate. Afterwards it was agreed 2 additional samples are added for implementation margin. So in total 5 samples are needed for SSB index detection in FR2, which correspondingly 5 samples for MIB decoding.
There was no evaluation on MIB decoding performance in FR1 since SSB index detection in FR1 requires no MIB decoding. Simulation campaign may be needed to obtain the MIB decoding time at the condition at least 90 percentage of success rate. However it may be reasonable either to reuse the results in FR2. No big difference are expected between FR1 and FR2 in terms of MIB decoding performance. In our view 5 samples in total can be used for MIB decoding time in FR1.
Proposal 2. For single shot MIB decoding in FR1 and FR2 to achieve at least 90 percentage of success rate, 5 samples are needed.
Regarding beam sweeping in FR2 for MIB decoding (SSB index detection), there were extensive discussions but in the end no agreements was reached. This may also need further discussion during this WI. In our view beam sweeping is not needed for MIB decoding as UE already selected Rx beam during cell identification. 
Proposal 3. No Rx beam sweeping is assumed in MIB decoding of an NR cell for CGI reading.

SIB1 decoding
According to section 5 in TS 38.331, the SIB1 transmission is as follows.
	-	the SIB1 is transmitted on the DL-SCH with a periodicity of 160 ms and variable transmission repetition periodicity within 160 ms as specified in TS 38.213 [13], clause 13. The default transmission repetition periodicity of SIB1 is 20 ms but the actual transmission repetition periodicity is up to network implementation. For SSB and CORESET multiplexing pattern 1, SIB1 repetition transmission period is 20 ms. For SSB and CORESET multiplexing pattern 2/3, SIB1 transmission repetition period is the same as the SSB period (TS 38.213 [13], clause 13).



It can be seen SIB1 will not change during 160 ms periodicity, while in LTE SIB1 is transmitted with 80 ms periodicity. The default transmission repetition periodicity of SIB1 is 20 ms however the actual transmission repetition periodicity depends on multiplexing pattern of SSB and CORESET which is up to NW implementation. With 20ms repetition periodicity there should be 8 repetitions of SIB1 during 160ms periodicity.
For multiplexing pattern 1 SIB1 is transmitted with 20ms repetition periodicity. The SSB periodicity could be larger than 20ms. UE may not be able to do fine timing and frequency tracking by using SSB for each SIB1 repetition reception. Therefore for each SIB1 repetition decoding the assumption is no SSB reception together is required. UE could use SSBs for MIB decoding to derive fine timing and frequency tracking parameters.
F	or multiplexing pattern 2/3 SIB1 transmission repetition period is the same as SSB period. SSB and SIB1 are FDMed on SSB symbols. One SIB1 repetition can be obtained for each SSB in one SSB period. UE can use SSB symbols for fine timing and frequency tracking, and AGC if it is needed.
Then the question is how many samples are needed for SIB1 decoding. SIB1 decoding performance depends on SIB1 PDCCH performance and SIB1 PDSCH performance, which are up to network configuration. It is difficult to have simulation campaign to evaluate SIB1 performance. One option may be to reuse number of samples for SIB1 decode for LTE cell. It is assumed that 3 SIB1 samples would be enough to achieve good SIB1 demodulation performance. To ensure 3 samples during measurement period if there is SIB1 change 5 samples were used to define SIB1 decode time period. In our view the same number can be reused for SIB1 decoding of an NR cell as NR performance should not be worse than LTE. If this is not acceptable, simulation campaign can be conducted.
Proposal 4. For SIB1 decoding of NR cell in FR1 and FR2, 5 samples are needed for defining measurement time period requirements. Simulation can also be considered if necessary.

Interruption requirements
In NR the interruption requirements for inter frequency SFTD measurements are specified by the percentage of interrupted slots on uplink and downlink on NR serving cells during the SFTD measurement period and the interruption length for each interruption. In our view this would be the way to define interruption requirements for CGI reading. The interrupted slots are the slots used in autonomous gaps.
During MIB decoding UE already identified the SSB, so UE is just to decode the MIB from the already known SSB symbols. In such case UE needs only one slot to decode MIB. Therefore autonomous gap length for MIB decoding is 1 slot.
Proposal 5. Each autonomous gap for MIB decoding is 1 slot.

During SIB1 decoding UE needs to search in common search space to demodulate SIB1 PDCCH first and then decode SIB1 PDSCH according PDCCH scheduling. For multiplexing pattern 1 UE needs to search two consecutive slots to demodulate PDCCH in common search space and then demodulate PDSCH in the same slot. For multiplexing pattern 2/3 UE needs to search one slots to demodulate PDCCH in common search space and then demodulate PDSCH in the same slot. For an already identified NR cell the SSB index to derive time location of search space is already known for multiplexing pattern 1 so UE only needs 2 slots for SIB1 decoding. For multiplexing 2/3 UE needs only 1 slots as SSB index is already known and SIB1 is FDMed with corresponding SSB.
Proposal 6. Each autonomous gap for SIB1 decoding with multiplexing pattern 1 is 2 slots.
Proposal 7. Each autonomous gap for SIB1 decoding with multiplexing pattern 2/3 is 1 slot.

For UE in NR SA and NR-DC operation the interruptions are all on NR serving cells. So the interruption requirements should be straightforward. When UE is in LTE SA, EN-DC or NE-DC operation, there will be interruptions on LTE serving cells. For LTE FDD, the missed ACK/NACKs should be double the number of interrupted slots during measurement time period. However for LTE TDD it is not easy to decide number of missed ACK/NACKs for certain UL/DL configuration as the location of SSB and SIB1 could change for different configuration of an NR cell. Further study is needed for this case.
Proposal 8. Interruption requirements on NR serving cells are specified as number of (percentage of) interrupted slots during CGI reading measurement time period.
 Proposal 9. FFS interruption requirements on LTE serving cells due to CGI reading of NR cell.

Specification structure
For NR capable UE in LTE SA operation, both the measurement time requirements and interruption requirements for CGI reading of an NR cell will be specified in corresponding section in TS 36.133.
For NR capable UE in NR SA or NR-DC operation, both the measurement time requirements and interruption requirements for CGI reading of an NR cell will be specified in corresponding section in TS 38.133.
For NR capable UE in NR SA or NR-DC operation, both the measurement time requirements and interruption requirements will be specified in corresponding section in TS 38.133.
For NR capable UE in EN-DC operation the CGI reading of NR neighbour cell can be configured by LTE PCell and NR PSCell, so the corresponding requirements should be specified in TS 36.133 of it is configured by LTE PCell and it should be specified in TS38.133 if it is configured by NR PSCell. However the interruption requirements on NR serving cells would be better specified in section 8.2 in TS 38.133, and interruption requirements on LTE serving cells would be better specified in TS 36.133.
For NR capable UE in NE-DC operation the CGI reading of NR neighbour cell can only be configured by NR PCell, so the corresponding requirements should be specified in TS38.133. However all the interruption requirements on LTE serving cells would be better specified in TS 36.133. 
Proposal 10. For NR capable UE in EN-DC, NE-DC, NR-DC, NR SA, or LTE SA operation, for CGI reading of NR neighbour cell all the interruption requirements on NR serving cells would be better specified in section 8.2 in TS 38.133, and all the interruption requirements on LTE serving cells would be better specified in TS36.133.

3. Conclusion
In this contribution we provided our views on requirements for CGI reading of NR neighbor cell with autonomous gaps for NR capable UE. Based on the observations following proposals are present. 
Proposal 1. Only MIB decoding time and SIB decoding time are included in CGI reading delay requirements for an NR cell provided it has already been identified.
Proposal 2. For single shot MIB decoding in FR1 and FR2 to achieve at least 90 percentage of success rate, 5 samples are needed.
Proposal 3. No Rx beam sweeping is assumed in MIB decoding of an NR cell for CGI reading.
Proposal 4. For SIB1 decoding of NR cell in FR1 and FR2, 5 samples are needed for defining measurement time period requirements. Simulation can also be considered if necessary.
Proposal 5. Each autonomous gap for MIB decoding is 1 slot.
Proposal 6. Each autonomous gap for SIB1 decoding with multiplexing pattern 1 is 2 slots.
Proposal 7. Each autonomous gap for SIB1 decoding with multiplexing pattern 2/3 is 1 slot.
Proposal 8. Interruption requirements on NR serving cells are specified as number of (percentage of) interrupted slots during CGI reading measurement time period.
Proposal 9. FFS interruption requirements on LTE serving cells due to CGI reading of NR cell.
Proposal 10. For NR capable UE in EN-DC, NE-DC, NR-DC, NR SA, or LTE SA operation, for CGI reading of NR neighbour cell all the interruption requirements on NR serving cells would be better specified in section 8.2 in TS 38.133, and all the interruption requirements on LTE serving cells would be better specified in TS36.133.
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