3GPP TSG-RAN WG4 Meeting #94-e-Bis                       	 R4-2003503
Electronic Meeting, 20 – 30 Apr., 2020

Agenda Item:	6.15.1.3
Source:	MediaTek Inc.
Title:	Discussion on CGI reading requirement for NR
Document for:		Discussion
1 Introduction
In last meeting, a WF of CGI reading has been agreed [1]. The remaining issues are captured as follow. 
	· How does UE meet the existing RRM requirements during CGI reading
· How the SSB is selected for MIB decoding 
· Note: the above two issues are relevant. Many other issues are depending on the decision on this two issues.
· How is the SIB1 decoding delay to be derived
· How soft combining can be performed for different SIB1 scheduling periodicity)
· SIB1 decoding delay for FR1 and FR2
· Depending on how SIB1 decoding delay is derived and simulation results
· SINR Side condition for inter-frequency NR CGI reading
· Depending on how SIB1 decoding delay is derived
· 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
· 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
· 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)
· Note: Depending on how SSB is selected for MIB decoding
· Interruptions for each autonomous gap during SIB1 decoding
· How frequently each interruption happens during SIB1 decoding
· 	Option 1 :
· 	20ms for multiplexing pattern 1
· 	SMTC period for multiplexing pattern 2/3
· 	Option 2 : 
· 	20ms based on minimum MSI scheduling periodicity
· 	Option 3 : 
· 	20ms for multiplexing pattern 1
· 	SSB period for multiplexing pattern 2/3
· 	Option 4 :
· 	When assistance information indicates the UE should determine via the SI-RNTI on PDCCH whether the PDSCH is transmitted.
· 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


In this paper, we will continue to discuss the requirements for CGI reading for NR cell. 
2 Measurement Sharing 
In our view, CGI reading is relatively a short period and infrequent procedure while measurement will span a long time and always executed by UE. Currently, two type of CGI reading are supported: DRX-based and autonomous gap-based. Generally, when the network trigger the UE for CGI reading without ‘si-RequestForHO’, the CGI reading has lower priority than other UE’s behaviour. The UE will use DRX off duration to execute the CGI reading. When the UE receive ‘si-RequestForHO’ to trigger the autonomous gap for CGI reading, it means the serving cell didn’t have sufficient information for Handover purpose. The autonomous gap shall have higher priority than normally measurement behavior. Thus, in legacy LTE, the requirement for CGI reading defined under the situation that no measurement gaps are configured. 
Therefore, we believe that the requirement of CGI reading with autonomous gaps shall also be defined, while allowing UE to postpone other intra-frequency, inter-frequency, inter-RAT measurements, as well as L1 measurements. The UE is not required to meet the existing RRM and L1 measurement requirements during CGI reading with autonomous gap.
[bookmark: _Ref36918772]Proposal 1: During CGI reading with autonomous gaps, UE is not required to meet the requirements of intra-frequency, inter-frequency, inter-RAT measurements, as well as L1 measurements.
3 Known Cell Definition
In RAN4 previous discussion, it considers different scenarios for Known or Unknown target Cell. In the requirements, additional delay for AGC retuning, Rx beam switch (in FR2) and cell search is allowed for Unknown Cell. In CGI reading, the procedure is a little different, the UE had already searched the cell and reported the measurements to the network. Thus, the additional delay for cell search does not need in unknown cell. Whether to allow additional time for AGC and Rx beam switching (in FR2) still depends on the duration between the moment UE sending the last measurement report to the network and the moment UE receiving the CGI request from the network.
[bookmark: _Ref31813739]Observation 1: Whether to allow additional time for AGC and Rx beam switching (in FR2) still depends on the duration between the moment UE sending the last measurement report to the network and the moment UE receiving the CGI request from the network.
In last meeting, one of the open issue is whether to define the known condition based on the reported SSB or overall SMTC duration. The reason why we define the known condition is that the UE can reduce the additional delay for AGC retuning, Rx beam switching (in FR2) and cell search in known cell. When UE had sent a L3-RSRP measurement report with SSB index, it means that the UE had finished the Rx beam sweeping and knows the Tx-Rx beam pair for this SSB. However, if the known condition is defined based on overall SMTC duration, it implicitly indicates that the reported SSB may be undetectable and other SSB(s) can be detected during the CGI reading procedure. Thus, UE may still need Rx beam sweeping to find a suitable Tx-Rx beam pair for other SSB(s). Considering CGI reading is a best effort procedure, it’s better to define the known condition to accelerate the overall procedure other than increasing the chance to fulfill the condition in real field. At the same time, the similar known condition definition had already applied only on the measured SSB in other procedure’s requirement, such as SCell activation. Therefore, it’s reasonable to only use measured SSB to define the known condition in CGI reading.
[bookmark: _Ref31813758]Proposal 2: Define the known condition base on reported SSB other than overall SMTC duration in CGI reading.
In SCell activation, the known condition is defined as after UE has sent the L3-RSRP measurement reporting with SSB index, the SCell activation command shall be configured during the period equal to 3s.
In legacy LTE requirement, the requirement for CGI reading is also required the MIB of cell whose CGI is identified shall be decodable by the UE. Thus, from our view, the known condition definition for CGI reading which is also based on L3-RSRP reporting is similar as SCell activation with additional condition on MIB and RMSI decodable.
[bookmark: _Ref23599996]Proposal 3: For the target CGI reading in FR2 bands, the CGI reading is under the known condition if it has been meeting the following conditions:
-	During the period equals to [3s] from the last transmission of the SSB used for L3-RSRP report to UE receives the target CGI reading command,
-	the UE has sent a valid L3-RSRP measurement report 
-	During the period from UE sends a valid L3-RSRP reporting to UE repots a valid CGI,
-	the SSBs used for L3-RSRP report remain detectable according to the cell identification conditions specified in clauses 9.2 and 9.3
-	the MIB information contained in the SSB used for L3-RSRP report remains decodable with the SNR ≥ [-3]dB
-	the RMSI CORSETs associated with the SSB used for L3-RSRP report remain detectable with the SNR ≥ [-3]dB
4 CGI reading procedure
In the general requirement framework, what UE needs to do in NR is not much different with that in LTE, e.g., MIB and SIB decoding. But details could be different due to the new design in NR, such as Rx beam sweeping in FR2. In general, the overall CGI reading includes the following steps (as shown in Figure 1):
· AGC/AFC tuning before the first time receiving MIB
· Rx beam sweeping
· MIB decoding
· RMSI decoding
[image: ]
[bookmark: _Ref520794408]Figure 1. The overall CGI reading flow in the time domain
AGC/AFC tuning before the first time receiving MIB ()
For FR1 intra-frequency, no additional AGC retuning time is needed because the UE has already tuned the AGC for serving frequency.
For FR1 inter-frequency known CGI reading, UE could have some prior knowledge for AGC because UE has measured the SSBs and reported its RSRP. But if the time period for known definition between the last L3-RSRP report and CGI reading command is larger than the time duration required for maintaining the effective AGC information by UE, an additional 1 shot AGC retuning time is needed.
[bookmark: _Ref23868028]Proposal 4: In FR1,
          -  for intra-frequency known CGI reading,
          -  for inter-frequency known CGI reading. 
Where,  is the SMTC periodicity of the carrier with target cell.
For FR2 intra-frequency and inter-frequency known cell, if the time period for known definition between the last L3-RSRP report and CGI reading command is larger than the time duration required for maintaining the effective Rx beam information by UE, the UE may lost the prior knowledge to choose which Rx beam to receive the neighbor cell signal. Additional Rx beam sweeping with AGC retuning shall be considered. If the time period for known definition is less the duration for maintaining the effective Rx beam information by UE, the UE may only need 1 shot additional AGC retuning time for inter-frequency known CGI reading.
[bookmark: _Ref37271491][bookmark: _Ref521425782]Proposal 5: In FR2, when the UE can be guaranteed to use the same Rx spatial filter during AGC retuning,
          -  for intra-frequency known CGI reading,
          -  for inter-frequency known CGI reading.
Where,  is the SMTC periodicity of the carrier with target cell.
MIB decoding ()
For FR1 MIB decoding, it has already agreed to re-use FR2 MIB decoding performance requirement as 5. The Rx beam sweeping can be captured in AGC retuning. After UE finished the Rx beam sweeping and chose the same Rx beam to decode the MIB and SIB information, the MIB decoding delay for FR2 can be use the same value as FR1 when the UE can be guaranteed to use the same Rx spatial filter to finish MIB decoding in FR2.
[bookmark: _Ref521425787]Proposal 6: Assuming UE uses the same Rx spatial filter to finish MIB decoding in FR2, the MIB decoding delay are [5] TSMTC for both FR1 and FR2, where TSMTC is the SMTC periodicity of the carrier with target cell.
RMSI decoding()
The RAN1’s agreement for RMSI is shown as follow.
	RAN1 #90bis Agreements:
· RMSI TTI is 160ms from RAN1 perspective
RAN1 #91 Agreements:
· When the SS/PBCH blocks and corresponding RMSI CORESETs occur in different time instances,
· The UE assumes that the RMSI CORESET monitoring window corresponding to an SS/PBCH block in the radio frame satisfies the condition mod(SFN,2)=0
· Note: RMSI scheduling periodicity is up to gNB implementation
· In Rel-15, NR does not support RMSI search space sets configuration where the SS/PBCH blocks and corresponding RMSI search space sets occur in the same time instances if the carrier frequency is lower than 6GHz.


Considering the agreement from RAN1, the RMSI TTI is 160ms. The challenge for RMSI decoding compared to MIB decoding is that RMSI scheduling periodicity is up to gNB implementation based on the RAN1 agreement. The periodicity and offset are not known to UE. Note that this also has the impact to the time needed in AGC for RMSI.
Once the UE has no prior information about the RMSI scheduling periodicity and offset, UE may failed to decode RMSI because the network actually doesn’t send RMSI in the slot that UE tried to decode. To overcome this problem, the UE had to interrupt the serving cell receiving to try the RMSI receiving at all the possible RMSI positions based on the minimum RMSI scheduling periodicity. For example, we assume UE needs to try 3 attempts in order to successfully decode the RMSI. The network schedules the RMSI based on 40ms periodicity, but UE has no prior information. UE had to interrupt the serving cell by the autonomous gap with a 20ms periodicity. In this case, 6 autonomous gap interruption are required even if UE really needs only 3 samples.


Figure 2. Uncertainty RMSI Reception
[bookmark: _Ref521425805][bookmark: _Ref31814222]Proposal 7: The UE’s interruption for RMSI decoding shall base on minimum RMSI scheduling periodicity 20ms. It means 8 interruption occasions shall be counted in each 160ms RMSI periodicity.
When the interruption duration is defined as the duration of PDCCH and PDSCH for RMSI + 2*RF tuning time during each autonomous gap, the key point is that the side condition for RMSI detection should be guaranteed so that the RMSI associated with the same SSB reporting index can be used by UE during the whole CGI reading procedure. Otherwise, UE has to try a different SSB and RMSI. The potential SNR side condition for RMSI detection could be -3dB.
[bookmark: _Ref23868086]Proposal 8: To guarantee the RMSI with the same SSB reporting index can be detected during the whole CGI reading, the potential SNR side condition could be [-3dB].
In last meeting, we share the one shot simulation results for SIB1 decoding below. Considering one shot detection BLER equals 0.7 for SNR=-3dB, 7 times RMSI decoding can fulfill the 90% target success rate for SIB1 decoding. However, some companies suggest to consider soft-combing solution to improve the decoding SNR level. Firstly, based on current specification, the RMSI scheduling periodicity is up to gNB implementation. It means UE doesn’t know which occasion is for RMSI or not. Secondly, we found that the network usually configured the same RMSIs periodicity from different serving cells in real field. Typically, the SIB1 of the target cell will suffer a consistent interference of SIB1 from UE’s serving cell. If the interference is the same in each combined sample, there is no help by soft-combing for performance. If we define a very low SINR side condition, we’re pessimistic to say that lots of UE whose SINR is between -3dB and -6dB will fail to decode the CGI and waste even more power in such interference-dominated scenario. 
[bookmark: _GoBack][image: ]
Figure 3. One-shot simulation results for SIB1 decoding
[bookmark: _Ref36918823][bookmark: _Ref521425795]Proposal 9: The CGI reading requirement shall be defined with one-shot decoding for SIB1 on SNR=-3dB.
[bookmark: _Ref37271354]Proposal 10: The RMSI decoding delay is [7] ×160ms.
5 Summary
In this paper, we propose the CGI reading requirement for NR SA toward NR cell. In our opinion, the CGI reading requirement will only depend on the target cell’s delay requirement.
Observation 1: Whether to allow additional time for AGC and Rx beam switching (in FR2) still depends on the duration between the moment UE sending the last measurement report to the network and the moment UE receiving the CGI request from the network.
Proposal 1: During CGI reading with autonomous gaps, UE is not required to meet the requirements of intra-frequency, inter-frequency, inter-RAT measurements, as well as L1 measurements.
Proposal 2: Define the known condition base on reported SSB other than overall SMTC duration in CGI reading.
Proposal 3: For the target CGI reading in FR2 bands, the CGI reading is under the known condition if it has been meeting the following conditions:
-	During the period equals to [3s] from the last transmission of the SSB used for L3-RSRP report to UE receives the target CGI reading command,
-	the UE has sent a valid L3-RSRP measurement report with SSB index 
-	During the period from UE sends a valid L3-RSRP reporting to UE repots a valid CGI,
-	the SSBs used for L3-RSRP report remain detectable according to the cell identification conditions specified in clauses 9.2 and 9.3
-	the MIB information contained in the SSB used for L3-RSRP report remains decodable with the SNR ≥ [-3]dB
 		-	the RMSI CORSETs associated with the SSB used for L3-RSRP report remain detectable with the SNR ≥ [-3]dB 
Proposal 4: In FR1,
          -  for intra-frequency known CGI reading,
          -  for inter-frequency known CGI reading. 
Where,  is the SMTC periodicity of the carrier with target cell.
Proposal 5: In FR2, when the UE can be guaranteed to use the same Rx spatial filter during AGC retuning,
         -  for intra-frequency known CGI reading,
          -  for inter-frequency known CGI reading. 
Where,  is the SMTC periodicity of the carrier with target cell.
Proposal 6: Assuming UE uses the same Rx spatial filter to finish MIB decoding in FR2, the MIB decoding delay are [5] TSMTC for both FR1 and FR2, where TSMTC is the SMTC periodicity of the carrier with target cell.
Proposal 7: The UE’s interruption for RMSI decoding shall base on minimum RMSI scheduling periodicity 20ms. It means 8 interruption occasions shall be counted in each 160ms RMSI periodicity.
Proposal 8: To guarantee the RMSI with the same SSB reporting index can be detected during the whole CGI reading, the potential SNR side condition could be [-3dB].
Proposal 9: The CGI reading requirement shall be defined with one-shot decoding for SIB1 on SNR=-3dB.
Proposal 10: The RMSI decoding delay is [7] ×160ms.
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