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Introduction
From the agreed way forward, there are 3 remaining issues to resolve for NR CGI reading
· MIB decoding delay for FR2
· SNR conditions for SIB1 decoding delay requirements
· Value of timer T321 for FR2
Agreements and options for these issues are provided in [1].
	· MIB decoding delay for FR2
· Option 1: 3 * N * TSMTC, where N = 8 and TSMTC is SMTC periodicity of target cell.
· Option 2: 5 * TSMTC + N * TSMTC, where N = 8 and TSMTC is SMTC periodicity of target cell.
· SIB1 decoding delay requirements
· Option 1:  -3 dB SNR and 6 samples
· Option 2:  -4 dB SNR and 6 samples
· Margin for interruptions during each autonomous gap for SIB1 decoding
· 2* 2ms + 1 slot (victim cell SCS)
· Known Cell condition for FR1 and FR2
· During the last X seconds before the reception of the report CGI command
· the UE has sent a valid L3-RSRP measurement report with SSB index for the target cell
· During MIB decoding at least reported SSBs remains detectable according to the cell identification conditions specified in clauses 9.2 or 9.3 of TS 38.133, and
· During SIB1 decoding the SSB used for MIB decoding remains detectable according to the cell identification conditions specified in clauses 9.2 or 9.3 of TS 38.133, and
· During MIB decoding and SIB1 decoding, the SSB for MIB decoding and PDSCH for SIB1 decoding remain detectable with SNR ≥ -3dB.
· X=5 for FR1 and X=3 for FR2
· Value for timer T321
· Option 1: 2 seconds for FR1 and 5 seconds for FR2
· Option 1: 2 seconds for FR1 and 3 seconds for FR2



In addition, we think that there is a need to discuss RLM and beam management during CGI reading, although this has not yet been covered by any discussion in RAN4. As this is a new topic, there is no agreed way forward and we provide our considerations.
Discussion
General considerations on way forward
It has been argued that as CGI reading is performed for SON ANR it should be considered as a best effort service, i.e. if one UE does not succeed to decode the CGI when requested, it can be decoded later by another UE. UE vendors have also argued that as this is an optional feature, it is beneficial if as many as possible UEs support the feature and hence the requirements placed on the UE should not be too onerous. Specifically, UEs already have SIB reading functionality even in release 15 for such purposes as initial cell selection, reselection etc, and there is a clear desire for UE vendors not to have to implement a more complicated UE implementation to support release 16 ANR.
This position is fully understandable, but on the other hand it begs the question of why RAN4 should have discussed CGI reading requirements in the first instance, since the conclusion of this argument is that CGI reading performance is already determined by the existing release 15 implementations and the work in release 16 would simply be to capture how the implementations already work as a spec requirement. So we begin by reviewing some of the reasons why CGI reading performance has been standardized for LTE release 8/9.
The initial method for CGI reading in LTE (and NR) was to use naturally occurring DRX (either by deliberately not scheduling a UE during CGI reading requests, or by using an already inactive UE to perform CGI reading). For this CGI reading method, it has truly been considered as a best effort service and no RAN4 requirements are specified.
The introduction of autonomous gap based CGI reading came in release 9, and was initially introduced for a different purpose, which was the decoding of CGI in support of access control and possible handover to closed subscriber group (CSG) cells. Since this needs to be done in a timely manner, RAN4 requirements are specified to ensure the proper handover with proper side conditions. Moreover, as an autonomous gap solution was selected, it was necessary to develop requirements to ensure that autonomous gaps did not cause excessive harm to the system or user performance (ACK/NACK count requirements during decoding). 
Next, UE vendors noticed that the functionality for the release 9 feature was nearly identical from a signaling point of view to the release 8 ANR feature, although the implementation would be quite different, and quite reasonably indicated that they only wanted to have to make one implementation that could support both features. Nevertheless, the requirements in RAN4 for autonomous gaps only apply if the LTE IE si-RequestForHO is set true (Note that a UE is not required to use autonomous gap if si-RequestForHO is set to false), even though a UE may use either implementation for non-handover cases.
In NR there are some similarities and also some differences. Firstly, RAN2 introduced requirements for natural DRX based CGI reading in release 15, and at the same time asked RAN4 if there were plans to introduce autonomous gaps. After discussion, the outcome has been to specify autonomous gaps in release 16 under the RRM enhancements WI, triggering this discussion. However, one important distinction is that even autonomous gap based CGI reading in NR is not targeted to the handover use case, although RAN2 has introduced an IE which forces the use of autonomous gaps (if supported by the UE):
	ReportCGI-EUTRA field descriptions

	useAutonomousGaps
Indicates whether or not the UE is allowed to use autonomous gaps in acquiring system information from the E-UTRAN neighbour cell. When the field is included, the UE applies the corresponding value for T321.



However, it may be recognized from RAN2 description that the only real impact of useAutonomousGaps procedurally is to use a different T321 timer.
Observation 1 : NR CGI reading is not targeted to addressing a handover use case
Based on observation 1, it appears a somewhat valid question whether RAN4 really needed to define autonomous gap requirements, especially considering the discussion that has emerged during the WI that there is very little that could be accepted which does not allow the already existing implementations to meet the requirement, i.e. RAN4 also has very little freedom in the discussions over what level of performance is specified. So we think it is worthwhile to consider why requirements may be necessary in RAN4.
From our perspective, the biggest concern for CGI reading has been the system level impact of autonomous gaps, since a long SI reading period with many autonomous interruptions allowed can result in many PDSCH transport blocks being transmitted when the UE is not in a state where they could be received, or harm to the uplink of the system via wasted scheduling grants. Performing soft combining for SIB1 is also related to this, since the network has no way to know the actual condition at the UE receiver. On the other hand, it has been pointed out in the discussion that for FR2, the MIB reading occasions of the target cell will anyway fall within a scheduling restriction.
Considering that RAN4 has already spent much time discussing the requirements, we consider the benefits of requirements in RAN4
· According to agreements in RAN4#94e-bis, it is beneficial not to spend too long on CGI reading because:
· UE is not required to meet L3 RRM measurement requirements during CGI reading
· UE is not required to meet L1 RRM measurement requirements during CGI reading
This aspect is particularly important because CGI reading is typically triggered at the edge of the serving cell
· If the CGI is decoded with fewer interruptions there is less impact to user and system throughput
· If the CGI is reported quickly enough, it becomes feasible for the serving gNB to establish a neighbour relationship with the unknown cell before the UE performing CGI reading has dropped its connection, allowing the handover to succeed for that UE. Note that this is not an objective for CGI reading, and should not be used to derive requirements
· If the CGI is reported more quickly, UE power is saved. Again, note that this does not need to be used to derive the requirements, although the requirements should not preclude lower power UE implementations

Considering the possible benefits, the first benefits seem to be the most compelling reasons to define suitable performance requirements.
MIB decoding delay for FR2
From RAN4#95, there are two alternatives to be considered, with stronger support for option 1. Option 1 allows the UE to perform RX beamsweep for each sample, but assumes 2x longer for MIB decoding, ie 24 Tsmtc compared with 12 Tsmtc for option 2.
Option 1: 3 * N * TSMTC, where N = 8 and TSMTC is SMTC periodicity of target cell.
Option 2: 5 * TSMTC + N * TSMTC, where N = 8 and TSMTC is SMTC periodicity of target cell
Considering that SSB within SMTC correspond to scheduling restrictions on FR2, there is no additional impact to user throughput from the procedure taking 2x longer, however there is a significant problem that L1 and L3 measurements may be suspended for up to 24*160ms = 3.84s when the UE is at cell edge. For interfrequency or LTE interRAT CGI reading this is likely unavoidable since the UE has to retune its RF, but for FR2 intrafrequency CGI reading our understanding is that the agreement in RAN4#94ebis on L1 and L3 measurement was made to facilitate the UE not to have to perform a full beamsweep for RRM purposes anyway, which would then constrain the FR2 MIB reading.
Hence we propose
Proposal 1 : For MIB decoding delay Option 1 (3 * N * TSMTC, where N = 8 and TSMTC is SMTC periodicity of target cell.)
 may be adopted, provided that the agreements from RAN4#94-e bis on L1 and L3 measurements are reconsidered for intrafrequency CGI reading
We see no technical reason why the UE would not be able to measure SSB signals at the same time as it performs MIB acquisition for the configured cell. Otherwise option 2 is needed, because there is less impact to mobility procedures which are important at the cell edge. SNR conditions for SIB1 decoding delay requirements
Now that RAN4 has converged on number of samples for either -4dB or -3dB side condition, all that remains is to agree the condition. Considering again the reasons for defining requirements, we see that a lower side condition could in practice lead to less assumed throughput impact, since if the UE can decode within 6 samples at -4dB it can presumably decode with less than 6 samples at -3dB.
That said. to compromise and conclude on the WI we can agree on -3dB provided that the UE also performs RRM measurements during SIB1 decodeing:
Proposal 2:
The SIB1 decoding delay requirements are according to option 1:  -3 dB SNR and 6 samples

FR1 CGI reading requirements
For FR1 there is no assumed RX beamforming, so no obvious technical justification not to perform L1 and L3 measurement. Hence we propose:
Proposal 3: L1 and non-gap based L3 measurement requirements apply when intrafrequency CGI reading is performed on FR1
For interfrequency CGI reading, clearly the UE would need to retune during the CGI decoding and could therefore not be expected to decode CGI and perform L1/L3 measurement at the same time. In addition, if gap based measurement is performed, our view is that the UE could prioritise the CGI operation given that it is transient, ie the gap based measurement result may be delayed
Proposal 4: If measurement gaps collide with either MIB or SIB1 CGI reading occasion on FR1, the gap based measurement may be delayed
Proposal 5: If interfrequency autonomous gap CGI reading is performed on FR1, all L1 and L3 measurements may be delayed
FR2 CGI reading requirements
For FR2 the considerations in section 2.3 would be applicable. The additional aspect which needs to be considered is RX beamforming. Since RX beamsweep is assumed in both CGI decoding and L3 measurement, CGI reading may be performed in parallel with L3 measurements. However, in some cases L3 measurement requirements are relaxed due to collision with L1 measurement resources according to Klayer1_measurement. There is no corresponding relaxation in CGI decoding requirements, nor do we think it would be beneficial to define one, given that CGI decoding is a single shot operation performed at network request, whereas L3 measurement is a continuous, ongoing operation which is always performed to enable mobility.
For L3 measurements, the following are specified
	For FR2, 
	Klayer1_measurement=1, 
-	if all of the reference signals configured for RLM, BFD, CBD or L1-RSRP for beam reporting on any FR2 serving frequency in the same band outside measurement gap are not fully overlapped by intra-frequency SMTC occasions, or 
-	if all of the reference signal configured for RLM, BFD, CBD or L1-RSRP for beam reporting on any FR2 serving frequency in the same band outside measurement gap and fully-overlapped by intra-frequency SMTC occasions are not overlapped with any of the SSB symbols and the RSSI symbols, and 1 symbol before each consecutive SSB symbols and the RSSI symbols, and 1 symbol after each consecutive SSB symbols and the RSSI symbols, given that SSB-ToMeasure and SS-RSSI-Measurement are configured, where SSB symbols are indicated by SSB-ToMeasure and RSSI symbols are indicated by SS-RSSI-Measurement;
	Klayer1_measurement=1.5, otherwise.

For L1 measurements, the other side of this coin is captured in the specification of P, which extends using Psharing_factor in the necessary cases.
As there is no corresponding relaxation scaling factor equivalent of Klayer1_measurement, we propose
Proposal 6 : L1 and non-gap based L3 measurement requirements apply when intrafrequency CGI reading is performed on FR2 if 	
- if all of the reference signals configured for RLM, BFD, CBD or L1-RSRP for beam reporting on any FR2 serving frequency in the same band outside measurement gap are not fully overlapped by intra-frequency SMTC occasions, or 
-if all of the reference signal configured for RLM, BFD, CBD or L1-RSRP for beam reporting on any FR2 serving frequency in the same band outside measurement gap and fully-overlapped by intra-frequency SMTC occasions are not overlapped with any of the SSB symbols and the RSSI symbols, and 1 symbol before each consecutive SSB symbols and the RSSI symbols, and 1 symbol after each consecutive SSB symbols and the RSSI symbols, given that SSB-ToMeasure and SS-RSSI-Measurement are configured, where SSB symbols are indicated by SSB-ToMeasure and RSSI symbols are indicated by SS-RSSI-Measurement;

For the same reasons as for FR1, we propose 
Proposal 7: If measurement gaps collide with either MIB or SIB1 CGI reading occasion on FR2, the gap based measurement may be delayed
Proposal 8: If interfrequency autonomous gap CGI reading is performed on FR2, all L1 and L3 measurements may be delayed

Value of timer T321 for FR2
Considering the worst case SIB1 and MIB scheduling, the requirement becomes 30*160ms=4.8s. We propose to allow 5s, which allows for time if the CGI decode command comes asynchronously with the SMTC period, (up to 160ms additional) and for RRC procedure delays
Proposal 9 : T321 is specified as 5s

InterRAT aspects for FR1/FR2 or LTE serving cell
 FR1/FR2 NR serving cell, LTE target cell for CGI reading
The situation is only different in the respect that LTE MIB is transmitted according to a fixed schedule of 20ms and SIB1 has a fixed schedule of 320ms. It is possible that the activity of decoding either of these signals may lead to the UE not being able to perform NR L1 measurement due to autonomous gap. Therefore a proposal is necessary for LTE target cells as well
Proposal 10 : For either FR1 or FR2 NR serving cell, if there is a partial or full collision between L1 measurement occasion and LTE target cell MIB or SIB1 occasion, CGI decoding delay requirements apply, and it is stated that RLM/BFD/CBD/L1 RSRP evaluation period may be extended. The exact increase in required evaluation period for RLM/BFD/CBD/L1 RSRP is not specified explicitly.
LTE serving cell, NR FR1 or FR2 target cell for CGI reading
In LTE there is no beam management, so only RLM needs to be considered. RLM is performed on CRS, however in some scenarios such as with an MBSFN configuration or in DRX, the opportunities for serving cell CRS evaluation are relatively sparse. A similar proposal as P2 can be considered in this case. Since we don’t know which CRS the UE uses, we can assume in the worst case that there is always impact:
Proposal 11 : LTE RLM evaluation period may be extended when reading NR target CGI. The exact increase in evaluation period is not specified explicitly.


Conclusions
In this contribution we observe and propose
Observation 1 : NR CGI reading is not targeted to addressing a handover use case
Proposal 1 : For MIB decoding delay Option 1 (3 * N * TSMTC, where N = 8 and TSMTC is SMTC periodicity of target cell.)
 may be adopted, provided that the agreements from RAN4#94-e bis on L1 and L3 measurements are reconsidered for intrafrequency CGI reading
Proposal 2:The SIB1 decoding delay requirements are according to option 1:  -3 dB SNR and 6 samples
Proposal 3: L1 and non-gap based L3 measurement requirements apply when intrafrequency CGI reading is performed on FR1
Proposal 4: If measurement gaps collide with either MIB or SIB1 CGI reading occasion on FR1, the gap based measurement may be delayed
Proposal 5: If interfrequency autonomous gap CGI reading is performed on FR1, all L1 and L3 measurements may be delayed
Proposal 6 : L1 and non-gap based L3 measurement requirements apply when intrafrequency CGI reading is performed on FR2 if 	
[bookmark: _Hlk47700459]- if all of the reference signals configured for RLM, BFD, CBD or L1-RSRP for beam reporting on any FR2 serving frequency in the same band outside measurement gap are not fully overlapped by intra-frequency SMTC occasions, or 
-if all of the reference signal configured for RLM, BFD, CBD or L1-RSRP for beam reporting on any FR2 serving frequency in the same band outside measurement gap and fully-overlapped by intra-frequency SMTC occasions are not overlapped with any of the SSB symbols and the RSSI symbols, and 1 symbol before each consecutive SSB symbols and the RSSI symbols, and 1 symbol after each consecutive SSB symbols and the RSSI symbols, given that SSB-ToMeasure and SS-RSSI-Measurement are configured, where SSB symbols are indicated by SSB-ToMeasure and RSSI symbols are indicated by SS-RSSI-Measurement;
Proposal 7: If measurement gaps collide with either MIB or SIB1 CGI reading occasion on FR2, the gap based measurement may be delayed
Proposal 8: If interfrequency autonomous gap CGI reading is performed on FR2, all L1 and L3 measurements may be delayed
Proposal 9 : T321 is specified as 5s
Proposal 10 : For either FR1 or FR2 NR serving cell, if there is a partial or full collision between L1 measurement occasion and LTE target cell MIB or SIB1 occasion, CGI decoding delay requirements apply, and it is stated that RLM/BFD/CBD/L1 RSRP evaluation period may be extended. The exact increase in required evaluation period for RLM/BFD/CBD/L1 RSRP is not specified explicitly.
Proposal 11 : LTE RLM evaluation period may be extended when reading NR target CGI. The exact increase in evaluation period is not specified explicitly.
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