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Introduction
In RAN4#94e there was further discussion on CGI decoding for release 16 RRM requirements. 
	Way forward on delay requirements
· 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
· Note: the above two issues are relevant. Many other issues are depending on the decision on this two issues.
· 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.
· 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
· How soft combining can be performed for different SIB1 scheduling periodicity)
· Option 1:
· By default the UE assumes that PDSCH transmissions from different transmission periods can be soft combined for SIB1 decoding, if there are insufficient opportunities from a single transmission period.
· Assistance information be beneficial
· A bitmap (e.g. of up to 8 bits) where ‘0’ indicates that the UE may assume that PDSCH is not transmitted in the corresponding PDSCH transmission opportunity, and ‘1’ indicates that the UE should determine via the SI-RNTI on PDCCH whether the PDSCH is transmitted.
· An indication that the UE may assume that it is safe to combine PDSCH across transmission period boundaries (e.g. no SIB1 payload updates are ongoing across the network) 
· Option 2:
· UE detect PDCCH to know if PDSCH for SIB1 is scheduled. If multiple SIB1 are transmitted within 160ms SIB1 TTI, UE can do soft combining with all the scheduled SIB1 repetitions.
· Other options are not precluded
· 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 forAGC/AFC during MIB decoding
· Option 2: No AGC/AFC is assumed during MIB decoding
Way forward on interruption requirements
· 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
· Depending on how SIB1 decoding delay is derived and how soft combining is performed if it is necessary
· 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
· Note: This is the agreements in the last meeting. The wording needs to be revised based on decision on how SSB for MIB decoding is selected
· Known cell condition for FR2
· Option 1: further revision based on known cell condition for FR1 to address FR2 needs.
· During the last 5 seconds before the reception of the  report CGI command:
· UE sends at least a valid L3-RSRP reporting.
· The SSB with the same index as the one with best RSRP measurement remains detectable.
· During CGI reading, the SSB with the same index as in the L3-RSRP reporting remains detectable
· Option 2:  reuse TCI known cell condition
· Option 3: reuse FR2 handover known cell condition
· Option 4:
· During the period equal to [X ms] before the reception of CGI reading command the UE has sent a valid measurement report for the target cell, and
· 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 best SSB for MIB decoding of the target cell remains detectable with the same spatial reception parameter according to the cell identification conditions
· Option 5 
· During the period equals to [X ms] 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
· 



Discussion
As can be seen from the way forward, there are a large number of open issues in CGI reading, and in this contribution we address the issues for delay and interruption requirements one by one.
Delay requirements
How does UE meet the existing RRM requirements during CGI reading
This issue was not discussed in LTE CGI decoding requirements, even though in principle the same issue would be relevant. In an autonomous gap, the UE cannot perform measurement at the same time. In LTE there are more frequent CRS reference symbols, however the UE may make relatively infrequent measurements. Since CGI decoding is a best effort procedure, and not performed by any one UE too frequently, we do not think RAN4 needs to do more for NR than for LTE and that at least option 2 is suitable. For option 3 it depends if MIB or SIB1 of the target cell collides with CSI-RS; however in general the UE would need to prioritise CGI decoding. Hence option 3 can be adopted.
Proposal 1 : The UE is not required to meet L3 and L1 measurement requirements during CGI reading, if the measured resources collide with the time when MIB or SIB1 is transmitted by the CGI target cell.
How the SSB is selected for MIB decoding 
Our preference is option 1 to minimise the duration of autonomous interruptions. Option 2 might give better decode performance in some cases, but we expect that option 1 will often succeed
Proposal 2 The SSB assumed to be used for MIB decoding is the SSB with the same index as in the L3-RSRP reporting
MIB decoding delay for FR2
Based on proposal 2, it is also better that the UE does not perform RX beam sweeping during MIB decoding, which will result in far greater MIB decoding delay and interruption for FR2. Therefore we propose
Proposal 3 : MIB decoding delay is [5] * TSMTC, where TSMTC is SMTC periodicity of target cell.
How is the SIB1 decoding delay to be derived
The first aspect considered is the SNR condition for SIB1 decoding. Our concern on -3dB side condition is that the side conditions for measurement reporting is -6dB, and with mismatched side conditions it will be common that a UE reports a cell, the gNB requests CGI coding and the cell is below the level where the CGI is detected. This can cause many “wasted” decoding attempts which are harmful to throughput, capacity and UE power consumption. The serving gNB has no way to know the SNR experienced by the UE of an unknown neighbor cell, so there is no network means to mitigate this problem. Therefore,  we think that decoding schemes based on one shot at -3dB as in option 1 needs to be excluded.
For soft combining schemes, according to our earlier results 4 samples are necessary, although it would of course be preferred if it were possible to decode based on soft combining of 2 samples at -6dB SNR. However, we also think that option 2 needs to be excluded. Regarding the choice between option 3 and option 4, our proposal has been to allow the UE to perform soft combining even across scheduling period boundaries, ideally supported by signaling assistance indicating that the SIB1 payload had not changed. However, it may be difficult for the serving cell to know when the payload in a neighbor cell (with which it does not have an established neighbor relationship) changes, and it is also late to specify a new signaling IE in release 16. However, given our results that 4 samples are needed at -6dB, and given that it is a very common case that there are only 4 or fewer samples available, we consider that it would be useful to soft combine across TTI boundaries. It is rather clear that SIB1 payload will only be changed infrequently. One reason is that SIB1 contains PRACH parameters, and if PRACH configuration is updated there is a race condition where the NW modifies PRACH parameters just after a UE has read them and starts accessing the NW with old / out of date parameters. Hence SIB1 updates need to be infrequent. The probability of a payload change over a short time duration like 160ms or 320ms is extremely low, and our view is that it would be very beneficial if the UE performed soft combining across scheduling period boundaries (without explicit assistance data):
Proposal 4: SIB1 decoding is based
· 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
In our view, the way forward is taking multiple issues under this bullet. Trying to split to separate issues, option 4 in proposal 4 (combining across scheduling period boundaries) can be done even without any assistance information. Our preference is option 3 of proposal 4, which corresponds to option 1 for the side condition that payload is the same throughout SIB1 decoding time, although as indicated above we are also OK with option 3. However, the significant problem with option 3 is that with 160ms scheduling periodicity and SIB1 PDSCH transmission every 20ms, the UE has to get every possible PDSCH in a TTI to succeed in SIB1 decoding.
· By default the UE assumes that PDSCH transmissions from different transmission periods can be soft combined for SIB1 decoding, if there are insufficient opportunities from a single transmission period.
Then regarding the assistance information, the indication that the UE may assume that it is safe to combine PDSCH across transmission period boundaries (e.g. no SIB1 payload updates are ongoing across the network) may be difficult for the serving cell to provide in practice. So it is OK if the UE attempts to soft combine across TTI boundaries blindly.
Regarding the bitmap indicating that PDCSH is transmitted, we would like to clarify that this not an alternative to PDCCH decoding for the SI-RNTI. The network can always indicate ‘11111111 ….’ for the bitmap (or equivalently not indicate any bitmap) and the UE will decode PDSCH as per option 2. However the assistance information would be highly beneficial to avoid the need for decodes which the network has prior knowledge are going to fail. This is particularly important for interruption minimization and we deal with this topic in the interruption requirements part of the way forward.
SIB1 decoding delay for FR1 and FR2
To analyse the delay, further progress is needed on whether single shot, intra TTI or cross TTI soft combining is assumed. Nevertheless, another aspect is that there may be a significant difference between the worst case and the best case decoding delay. For instance, using SSB and CORESET multiplexing pattern 2/3, according to 3GPP TS38.331 SIB1 transmission repetition period is the same as the SSB period. Since the shortest SSB period is 5ms, it follows that there can be up to 32 PDSCH transmissions for SIB1 in a 160ms TTI. 
In the best case,  when SIB1 is scheduled every 5ms, and assuming N=4 soft combing, and no cross-scheduling period soft combining the best case decoding delay requirement could be 7*5=35ms (up to 3*5ms for tail latency if the UE starts decoding towards the end of one 160ms period) + (4*5ms to obtain the required 4 transmissions). However, if we assume that the gNB schedules the first 4 PDSCH of a 160ms period, and the UE starts after 1 PDSCH has already been transmitted, and the gNB schedules the last 4 PDSCH in the next 160ms period, the delay becomes 31*5+32*5 = 315ms, which is close to a factor of 10 larger than the best case.
For this reason, we propose that it would make sense to define delay requirements under two conditions.
Proposal 5 : Delay requirements are defined under the assumptions
1) That the PDSCH carrying SIB1 is scheduled on every possible opportunity in the scheduling period
2) That the PDSCH carrying SIB1 is scheduled on the minimum number of opportunities where the UE can still be expected to receive SIB1, and arbitrary timing is assumed in each scheduling period.
SINR Side condition for inter-frequency NR CGI reading
Here we propose that the side condition should be consistent with the side condition for measurement. Since this is given in B.2.3 Conditions for NR inter-frequency measurements, the side condition for interfrequency CGI reading can also be -4dB Es/Iot.
AGC/AFC for MIB decoding
Option 1 is acceptable as a compromise, although we see no strong need for any additional time. In LTE, the additional time assumed for AFC arose from the HeNB basestation class which has up to 0.25ppm frequency error. There is no such corresponding class in NR.
Proposal 6 : Up to  1 sample is allowed for AGC/AFC during MIB decoding
Interruption requirements
The interruption core requirements for CGI reading of NR cell is specified by interruption numbers and interruption length
In specifying interruption requirements, it is important to keep in mind that we should specify requirements in a way that is as beneficial as possible to the network. In NR networks, the serving cell always has some knowledge of the timing of target cells on a given frequency so that it can configure the SMTC. This means that it may try to avoid scheduling a UE performing CGI decoding around the time of MIB or SIB1 transmission which it approximately knows, to avoid the autonomous gaps. Hence our preference is to specify duration and number of interruptions, and also to provide some time window (such as starting time).
Proposal 6 : RAN4 should specify that there can be 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 and also an earliest starting time for the interruptions.
Interruptions for each autonomous gap during MIB decoding
Since we propose that the UE uses the same SS block which it used for measurement reporting throughout the procedure, the interruptions should according to option 2.
Proposal 7 : Autonomous gap duration during MIB decoding is  4 symbols (target cell SCS) + 2*RF tuning time + 1 slot (victim cell SCS)
Note that in asynchronous scenarios, this gap may span a slot boundary of the serving cell, i.e. there can be impact to two consecutive slots.
Interruptions for each autonomous gap during SIB1 decoding
Here our significant concern is that if the UE attempts to decode SIB1 frequently even when it is not transmitted and the gNB is aware it will not be transmitted, there is a large UE power consumption and autonomous gap penalty. Hence, 
We await progress on how SIB1 decoding delay is derived and how soft combining is performed. Analysis of interruption should be relatively straightforward once the decoding option is selected. Similarly to MIB decoding, SIB1 should be assumed to be decoded from the same SS block where the UE made the L3 measurement report to minimize the duration of interruptions.
Proposal 8 : SIB1 should be assumed to be decoded from the same SS block where the UE made the L3 measurement report to minimize the duration of interruptions.
How frequently each interruption happens during SIB1 decoding
Here we think there is a very significant benefit for assistance information to avoid unnecessary interruptions; if SIB1 is scheduled every 5ms (mux pattern 2/3) the UE will make 32 decoding attempts per 160ms scheduling period. If there is prior knowledge in the serving gNB that some scheduling occasions will never be used, it is clearly beneficial to share this knowledge with the UE to reduce wasted autonomous interruptions and decoding power consumption. Hence we support option 4. At any rate, option 2 is not acceptable as it brings a strong risk of missing transmissions of SIB1 for multiplexing pattern 2/3 if the SSB period is less than 20ms.
Proposal 9 : When assistance information indicates the UE should determine via the SI-RNTI on PDCCH whether the PDSCH is transmitted. If no assistance information is provided, the UE shall decode SIB1 every
· 20ms for multiplexing pattern 1
· SSB period for multiplexing pattern 2/3

Known cell condition for FR1
This is essentially agreed already apart from the discussion on whether the UE uses the same SS block for MIB decoding as the best that triggered L3 measurement report. In this case the definition would be
•	It has been meeting the relevant cell identification requirement during the last 5 seconds.
•	UE sends at least a valid L3-RSRP reporting.
• 	The SSB with the same index as the one with best RSRP measurement remains detectable.
•	During CGI reading, the SSB [with the same index (in the L3-RSRP reporting)] remains detectable
Known cell condition for FR2
Many options were presented and discussed in RAN4#94e. It seems that the starting point for the discussion should be whether the UE is expected to RX beam sweep during FR2 CGI decoding. In our view, this will greatly increase the delay in the worst case, and correspondingly the number of autonomous interruptions. Even though it may improve the chance of success in some cases, the UE is fundamentally expected to be a communication device, and should perform additional activities such as CGI decoding on a best effort basis only. 
Proposal 10: The known cell condition for FR2 assumes no RX beam sweeping is performed during the entire CGI reading procedure.
From our perspective, this points to using the best SS block when the L3 measurement report was triggered as a reference for known cell; as long as this maintains Es/Iot within side condition during the decoding delay the side condition is met. Hence option 1 appears suitable
Proposal 11: The known cell condition for FR2 CGI decoding is
	During the last 5 seconds before the reception of the  report CGI command:
•	UE sends at least a valid L3-RSRP reporting.
•	The SSB with the same index as the one with best RSRP measurement remains detectable.
•	During CGI reading, the SSB with the same index as in the L3-RSRP reporting remains detectable
Conclusions
Proposal 1 : The UE is not required to meet L3 and L1 measurement requirements during CGI reading, if the measured resources collide with the time when MIB or SIB1 is transmitted by the CGI target cell.
Proposal 2 The SSB assumed to be used for MIB decoding is the SSB with the same index as in the L3-RSRP reporting
Proposal 3 : MIB decoding delay is [5] * TSMTC, where TSMTC is SMTC periodicity of target cell.
Proposal 4: SIB1 decoding is based on 
· Option 4: Soft combining of 4 samples at -6dB SNR without side condition on scheduling periodicity and assuming soft combining across scheduling period boundaries
Proposal 5 : Delay requirements are defined under the assumptions
1) That the PDSCH carrying SIB1 is scheduled on every possible opportunity in the scheduling period
2) That the PDSCH carrying SIB1 is scheduled on the minimum number of opportunities where the UE can still be expected to receive SIB1, and arbitrary timing is assumed in each scheduling period.
Proposal 6 : RAN4 should specify that there can be 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 and also an earliest starting time for the interruptions.
Proposal 7 : Autonomous gap duration during MIB decoding is  4 symbols (target cell SCS) + 2*RF tuning time + 1 slot (victim cell SCS)
Proposal 8 : SIB1 should be assumed to be decoded from the same SS block where the UE made the L3 measurement report to minimize the duration of interruptions.
Proposal 9 : When assistance information indicates the UE should determine via the SI-RNTI on PDCCH whether the PDSCH is transmitted. If no assistance information is provided, the UE shall decode SIB1 every
· 20ms for multiplexing pattern 1
· SSB period for multiplexing pattern 2/3
Proposal 10: The known cell condition for FR2 assumes no RX beam sweeping is performed during the entire CGI reading procedure.
Proposal 11: The known cell condition for FR2 CGI decoding is
	During the last 5 seconds before the reception of the  report CGI command:
•	UE sends at least a valid L3-RSRP reporting.
•	The SSB with the same index as the one with best RSRP measurement remains detectable.
•	During CGI reading, the SSB with the same index as in the L3-RSRP reporting remains detectable
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