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Introduction
The agreed way forward for NR CGI reading may be found in [1]. There are two key questions to resolve, the conclusion of which would resolve most of the remaining open issues
1) Should RX beam sweeping be assumed during CGI decoding procedures?
2) Should soft combing be assumed during SIB1 decoding?
It is also necessary to decide the margin for SIB1 decoding interruptions from the three options in [1].
Discussion
Firstly, we provide an overview of how CGI decoding is used as a part of an ANR (automatic neighbor relations) functionality by the network. UEs are configured with measurement events for different measurement objects, and normally measurement reports are used to trigger mobility procedures such as handover preparation in the network. The UE reports physical cell ID, and the serving gNB typically has an established neighbor relationship, such that it can map between a physical cell ID and an addressable neighbor gNB. When a measurement report is obtained, the serving gNB can thus signal the neighbor gNB to initiate handover preparations. In case of a missing PCI (i.e. one that cannot be mapped to an address of a gNB), the UE is instead requested to decode CGI, which is globally unique. Using the decoded CGI, the serving gNB can look up the address of the new gNB, for example from an O&M database. Having determined the network address corresponding to the CGI, a neighbor relationship is established and the handover may now be performed, either for the UE in question, or when another UE sends a measurement report with the same PCI.
UE RX beam sweeping
RX beam sweeping can be considered for MIB decoding. From our perspective there appears little motivation to assume that UEs use RX beam sweeping, Firstly, a single RX beam sweep does not guarantee that the UE uses the best RX beam in case the UE orientation changes during the beam sweep. For example, if we assume that there are 4 RX beam codewords B1, B2, B3 and B4 such that the UE sweeps in the order B1,B2,B3 and B4 and let is assume that B2 is the best RX beam at the beginning of the sweep, but during the sweep (after B2 has been already used for measurements) the orientation of the UE changes so that B1 becomes the best beam and B2 becomes rather weak. At the end of the beam sweep, the UE will conclude that B2 is the best beam and attempt to perform MIB decoding using B2, even though by this time it is a weak beam. Even if the implementation tries to decode MIB using all possible RX beams, it may be that the UE never experiences decoding with the best beam due to the order it selects to try different RX beams, and the possible change of orientation during the RX beam sweep procedure.
Observation 1 : Performing RX beam sweep does not guarantee that the UE uses the best RX beam, if the orientation or channel conditions change during the beam sweep.
Observation 1 is not specifically about CGI decoding, and is true in general such as for L3 mobility measurements as well. Clearly, for L3 measurements there is benefit to performing RX beam sweep in case the best beam does not change during the sweep. For this reason, the UE implementation needs to perform relatively fast beam sweeping, to keep the probability that orientation changes and the UE misses the best beam as small as possible. In practice, depending on SMTC periodicity, we think a complete beam sweep can be performed in timescales ranging from ~100ms to ~0.5 seconds.
For CGI reading, the metrics for acceptable performance are different than for other procedures, since the consequence of a failed CGI is simply that the CGI will need to be requested from another UE. As long as the failures are not deterministic (i.e. a second UE succeeds or fails with the same probability as the first UE at the same place) there is no problem with using another UE later to establish the neighbor relationship.
For CGI decoding, as long as the request to decode CGI is made reasonably quickly (based on a suitable known cell condition) then there is a good chance that the best beam at the time of measurement corresponds to the best beam at the later time when decoding MIB.
Observation 2 as long as the request to decode CGI is made reasonably quickly (based on a suitable known cell condition) then there is a good probability that the best beam at the time of measurement corresponds to the best beam at the later time when decoding MIB.
In the way forward, on known cell condition, the WF indicates:
FFS if known cell conditions is needed based on agreements that SSB selection is up to UE implementation.
FFS how to specify known cell conditions if necessary.
To avoid the need for significantly extending the delay and interruption due to RX beam sweeping we propose
Proposal 1 : For FR2, known cell condition is defined as 5s
Proposal 2 : For FR1 no known cell condition needs to be defined since SSB selection is up to UE implementation
The choice of 5s in proposal 2 is somewhat arbitrary, the longer the period is the more chance that UE orientation changes. 5s is rather short for a fairly static or pedestrian UE but rather longer for a vehicular UE. One thing which is important to realize is that even when the UE makes a measurement report, it does not stop measuring configured measurement objects, so it may well have updated information on the best RX beam at the time of the CGI decoding request from this at any rate.
Proposal 3 : RX beam sweep is not assumed in MIB decoding procedures.
Soft combining in SIB1 decoding
As indicated in the preliminary remarks, the trigger for CGI reading is a measurement report, and UE will start to report neighbor cells as soon as they are detected. The RAN4 side condition is Es/Iot=-6dB and in practice some UEs may report at even lower SNR. Hence, the network may request the UE to decode CGI as soon as the cell is detected at -6dB Es/Iot. Hence our concern with the argument that CGI decoding is a best effort service is that the CGI decoding may fail in a very deterministic way, i.e. using reports from additional UEs may not help if these trigger the initial report in the same condition, where soft combining is unsuitable.
One of the arguments made in RAN4#94e was that soft combining may not help much with SIB1 decoding, in case the interference is from SIB1 of the neighbor cell, since the UE may experience identical interference on each soft combining attempt. This was discussed in the RAN4#94bis-e online discussion 
	Further evaluate the SIB1 reading performance for the case of AWGN and interference limited conditions (e.g. colliding SIB1 transmissions in the serving and neighbor cells)
Further identify typical scenarios for CGI reading in terms of SIB1 collision between serving and neighbor cells



Generally, the concern is that soft combining does not help so much since the interference is identical in every soft combining attempt . This is strongly dependent on the deployment (system level assumptions) and configuration. Since a UE anyway needs to be able to perform soft combining for HARQ reception, it should not increase complexity to perform soft combining. The difference is that RAN4 would define side conditions assuming longer delay and more interruptions for a lower Es/Iot level. In case the signal is good enough to decode on the first shot (i.e. significantly exceeds RAN4 side condition) the actual delay and interruption will be better than the RAN4 requirement and comparable with the single shot delay. Therefore we do not see any downside to specifying SIB1 decoding at -6dB
Proposal 4 : SIB1 decoding is assumed to be based on soft combining at -6dB SNR (option 1a/1b)
Regarding the number of samples, our preference is option 1a (4 samples) since it would appear to be sufficient and is always possible to resent the CGI decoding request to either the same UE or a different UE if the CGI decoding request fails. At any rate, 3GPP will only specify the Es/Iot at which the requirement shall be met, and the T321 timer in RAN2 will allow longer than 4 samples,.
Proposal 5 : SIB 1 decoding is assumed to be based on 4 samples (option 1a).
In this context, a sample is defined to be an occasion on which SIB1 is known by the network to be transmitted.
Margin for SIB1 interruption
The final issue to resolve is the margin for SIB1 interruption, and 3 options are given in the way forward. CGI decoding requirements are supposed to be generic, i.e. the same requirement should apply for both intrafrequency and interfrequency CGI decoding and asynchronous and synchronous operation etc.
Option 1: 2*RF tuning time + 1 slot (victim cell SCS)
Option 2: 2*BWP switch delay + 1 slot (victim cell SCS)
Option 3: 2*2ms + 1 slot (victim cell SCS)
In option 1, the generic RF tuning time is 1ms since the additional time in intraband RF tuning is allowed for AGC settling, and it is already agreed that AGC is accounted for in CGI decoding  in the MIB decoding phase: “1 sample for AGC/AFC is assumed for MIB decoding”. BWP switching delay expressed in milliseconds is shown in table 1
	
	NR Slot length (ms)
	BWP switch delay (ms)

	
	
	Type 1
	Type 2

	0
	1
	1ms
	3ms

	1
	0.5
	1ms
	2.5ms

	2
	0.25
	0.75ms
	2.25ms

	3
	0.125
	0.75ms
	2.25ms



The BWP switching requirement allows for baseband reconfiguration such as clock speed. Since SIB1 decoding is a low payload reception operation, and the UE already knows that it will need to resume serving cell measurement after SIB1, there seems little benefit for reducing baseband clocking for the reception of only 2 slots or 7 symbols of data. Hence we propose that option 1 is adopted.
Proposal 6 : Margin for SIB1 interruption is  2*RF tuning time + 1 slot (victim cell SCS) where RF tuning time is assumed to be 1ms
T321 timer
RAN2 asked RAN4 for the suitable timer value for T321. Since this is a failure timer, it needs to be significantly longer than the RAN4 minimum requirement.  For natural DRX based CGI reading in release 15, RAN2 specified 2s for FR1 and 16s for FR2.
Based on the proposals in this paper, AGC and MIB reading could take approximately 4 SMTC periods and SIB1 reading could take an additional 4 SSB transmission periods for both FR1+FR2. For simple analysis we shall assume 160ms for both SMTC and SIB1 periodicity as a worst case. As the request will arrive asynchronously with the SMTC/SIB1 timing, we can assume that the request can take up to 9*160ms = 1.440s. 
Based on this analysis, a T321 timer of 2s appears suitable for both FR1 and FR2 for autonomous gap CGI reading
Proposal 7 : A value of T321 timer of 2s for both FR1 and FR2 with autonomous gaps is recommended to RAN2.

Conclusions
Observation 1 : Performing RX beam sweep does not guarantee that the UE uses the best RX beam, if the orientation or channel conditions change during the beam sweep.
Observation 2 as long as the request to decode CGI is made reasonably quickly (based on a suitable known cell condition) then there is a good probability that the best beam at the time of measurement corresponds to the best beam at the later time when decoding MIB.
Proposal 1 : For FR2, known cell condition is defined as 5s
Proposal 2 : For FR1 no known cell condition needs to be defined since SSB selection is up to UE implementation
Proposal 3 : RX beam sweep is not assumed in MIB decoding procedures.
Proposal 4 : SIB1 decoding is assumed to be one shot at -6dB SNR (option 1a/1b)
Proposal 5 : SIB 1 decoding is assumed to be based on 4 samples (option 1a)
Proposal 6 : Margin for SIB1 interruption is  2*RF tuning time + 1 slot (victim cell SCS) where RF tuning time is assumed to be 1ms
Proposal 7 : A value of T321 timer of 2s for both FR1 and FR2 with autonomous gaps is recommended to RAN2.
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