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Introduction
In RAN#85, the WI for RRM enhancement in R16 was revised [1] to include the following objective based on agreements from RAN4#92
· The RRM requirements for CGI reading with autonomous gap will be specified in Rel-16.
For NR, there are two requirements which need to be evaluated
· The impact to an NR serving cell of LTE CGI reading (either in EN-DC/NE-DC or interRAT in SA/NR-DC)
· The impact to NR and LTE serving cells of NR CGI reading (either EN-DC/NE-DC or interRAT in LTE)
Proposal 1: RAN4 evaluates the impact to NR serving cells of LTE CGI reading and the impact to NR and LTE serving cells of NR CGI reading
In this contribution we deal with NR CGI reading and discuss the impact to both LTE and NR serving cells. Previously, RAN4 has discussed and agreed time index reading requirements for FR2 which involve the decoding of MIB from a P-BCH in a SIB
Discussion
General approach for CGI reading
To decode CGI of an NR target cell, a UE must first decode the MIB, and then based on MIB information it should then decode SIB1, which contains the CGI. One important difference in the decoding from LTE CGI reading is that each transmission has a DM-RS reference signal to allow demodulation. The P-BCH and P-BCH DMRS is part of the SS-block and there may be multiple opportunities to decode P-BCH within one SS-burst depending on whether multiple SS blocks are transmitted and detected by the UE.
MIB is transmitted with the periodicity of 80 ms and within this 80 ms repetitive transmission occurs. SIB1 is transmitted with the periodicity of 160 ms and within this 160 ms repetitive transmission occurs. In this contribution we will refer to 80ms as the TTI of MIB, and 160ms as the TTI of SIB1. The repetition rate of MIB at a particular time index depends on SMTC periodicity, and if the UE does not have prior knowledge of SMTC period, it may assume 20ms. However, for CGI reporting the UE will previously have reported the physical cell id (PCI) of the target cell, and hence is configured with an SMTC period. The first transmission of SIB1 is scheduled in subframe #5 of the radio frames for which the SFN mod 8 = 0, and repetitions are scheduled in subframe #5 of all other radio frames for which SFN mod 2 = 0.
The general approach for deriving CGI requirements may be reused from LTE, considering the differences in NR signals. At high level, the approach is
· Evaluate how many MIB decoding attempts XMIB and SIB1 decoding attempts XSIB1 are needed at the agreed side condition such as Es/Iot=-6dB, for example by link level simulation
· Evaluate the worst case time period needed to perform XMIB and XSIB1decoding attempts which fall within the same TTI of MIB and SIB1 respectively (i.e. are guaranteed repetitions of the same payload)
· CGI reporting delay is derived assuming the worst time case time period needed to decode MIB and SIB1
· Evaluate the worst case number of autonomous interruptions and the duration of each autonomous interruption to decode MIB and to decode SIB1.
· Considering asynchronous operation between source and target cell, evaluate the pattern and number of slots impacted on the serving cell by autonomous interruption
· Considering HARQ feedback and whether DL only, or DL+UL is impacted, evaluate the missed ACK/NACK rate caused by the autonomous interruptions.

One preliminary issue to deal with is whether uplink autonomous interruption is expected to be allowed for NR CGI reading.  In LTE, the main argument for why autonomous gaps for CGI reading impact the uplink is because there is a HeNB basestation class with a less accurate (±0.25ppm) reference clock. In NR there is currently no such BS class, however medium range and local area BS have (c0.1ppm) requierments. Considering that if the UE was frequency locked to one such BS operating at +0.1ppm and at the same time had a serving cell at -0.1opm, the uplink signal would be out of spec (should be at ±0.05ppm relative to the serving cell). Hence it seems reasonable also to assume autonomous gaps in uplink transmission for NR CGI ACK/NACK requirements as well. In addition, this may simplify the discussion on beam sweeping for FR2 CGI reading, although at any rate a TDD UE should be able to apply different UL beamforming to the beamforming it is using to receive CGI from a neighbor BS.
Proposal 1 : NR CGI reading assumes autonomous gaps in downlink and uplink.
For both intra and interfrequency procedures, the target cell will have been measured prior to the CGI reading request, and the proper AGC setting should be known. Based on these assumptions, requirements for intrafrequency and interfrequency NR CGI reading differ only due to possible need for RF retuning. However, in NR retuning may also be required for the intrafrequency case depending on the BW part received by the UE and moreover in LTE identical generic requirements covered both intra and inter-frequency cases. 
Proposal 2 : NR intra-frequency and interfrequency CGI reading requirements are the same
MIB reading has already been specified for NR in the context of time index reading for FR2, with a side condition of Es/Iot≥-6dB. FR1 time index reading does not require the SFN to be decoded from MIB but we could expect that a similar number of samples is needed for FR1, with the main difference being SSB numerology. Based on the earlier work
Proposal 3 : MIB decoding takes up to 5 SMTC periods
For the interruption requirement for MIB decoding, we note that RF retuning is assumed to take up to 0.5ms in one direction in measurement gaps for intrafrequency or interfrequency measurements. Hence it is not feasible to tune back to the serving cell between SSB, and hence we propose
Proposal 4: Interruption requirement for MIB reading is based on 5 interruptions each of duration (SMTC duration + 2*Retuning time). Retuning time = 0.5ms for FR1 or 0.25ms for FR2 and considering asynchronous target cell
Once the UE has decoded the system frame number from MIB, it can schedule SIB1 reception. Possible implementations are either to start decoding on the next SFN mod 2 boundary (arbitrary position within the TTI) or to wait until the next TTI boundary. The first option will give faster decoding and fewer autonomous gaps in the best case (UE may even be able to decode SIB1 on the first attempt), and the latter option will give fewer interruptions in the worst case, at the expense of additional delay in the best case. LTE CGI reading has assumed the first procedure, ie the UE will try to decode on every SFN mod 2 boundary, and tail latency then needs to be taken into account based on ensuring that in the worst case the UE has long enough to decode with NSIB1 attempts from the same SIB1 TTI.
If we assume the necessary number of PDSCH occasions to achieve [90]% of SIB1 acquisition success rate to XSIB1, the SIB1 acquisition time is given by
TSIB1 = 160ms * GSIB1
where GSIB1 is a scaling factor corresponding to the minimum number of periods where SIB1 occasions are XSIB1 or more. SIB1 TTI is it is fixed value, 160ms. 
According to TS38.331, SIB1 is transmitted on PDSCH as RMSI, and PDSCH is scheduled with PDCCH with SI-RNTI. SIB1 transmission periodicity is same as the associated MIB, but SIB1 TTI is 160ms. For example, if SS/PBCH block periodicity is 20ms, the corresponding PDSCH conveying SIB1 is also transmitted every 20ms and UE can perform soft-combining of PDSCH 8 times. TS38.331 also specifies the maximum SIB1 is 2976bits.
According to TS38.213, the minimum number of PRBs for CORESET0 (PDCCH search space for SI-RNTI) is 24. Considering the minimum requirements, we assume PDSCH for SIB1 is also transmitted with 24PRB. 
With the same PDSCH configuration assumption as RRM RMC (e.g., Table A.3.1.1.1-1 in TS38.133), the number of resource elements are 3024 (i.e., 12 OFDM symbols, 24 PRBs, single port DMRS with 1+1+1). Considering the maximum TBS for SIB1 of 2976 bits, the minimum MCS is 7 (TBS=3124bits, QPSK, Code rate=0.52).
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Figure 1	PDSCH simulation results assuming SIB1 reception.
Figure 1 shows the simulation results of PDSCH with the fading channel modes TDLA30-10, TDLB100-400 and TDLC300-100 with the simulation assumption listed in Appendix. In this simulation we also investigate the performance gain with PDSCH soft-combining of 4 transmissions and 8 transmissions. 
It is observed from the simulation result that one transmission is not enough to achieve 90% of reception success rate (=10% BLER in Figure 1) with the side condition SNR=-6dB. If we consider the soft-combining of 4 transmissions, 90% of reception success rate could be reached with SNR=-6dB depending on the channel condition. Considering the impairment margin, it is observed 8 transmissions are needed to achieve the SIB1 reception success rate of 90%.
Since the number of required PDSCH attempts affect to the SIB1 acquisition time for NR, RAN4 first need to agree with the assumption of SIB1 acquisition. We therefore to propose the following way forward.
Proposal 5: To decide NSIB1, RAN4 first need to discuss the PDSCH transmission assumption for SIB1 acquisition such as: 
1. PDSCH transmission parameters, e.g., PRB size, TBS, modulation, etc. 
2. Whether or not it is assumed soft-combining of PDSCH within SIB1 TTI. If yes, how many? 
3. Metric to decide the number of PDSCH transmissions, e.g., PDSCH decoding success rate of 90%
4. Side condition, e.g., SNR=-6dB
Based on the assumption interested companies will provide the simulation results and decide NSIB1 according to the results.
Having concluded on the duration and number of interruptions for both MIB (5 interruptions of duration SMTC according to proposal 4)  and SIB1(from table 1), it is then feasible to evaluate the missed ACK/NACK assuming similarly as for MIB decoding that retuning time = 0.5ms for FR1 or 0.25ms for FR2 and considering asynchronous target cell
Proposal 6 : RAN4 discusses from an interruption perspective whether the UE waits until it can guarantee NSIB1 attempts from the same TTI(minimizes interruptions), or follows the same approach as LTE CGI reading and starts SIB1 decoding at any point in the TTI (minimizes best case delay but tail latency needs to be accounted for in interruptions)
Proposal 7 : Based on the duration and number of interruptions for both MIB and SIB1, RAN4  evaluates the missed ACK/NACK assuming similarly as for MIB decoding that retuning time = 0.5ms for FR1 or 0.25ms for FR2 and considering asynchronous target cell
Conclusions
Proposal 1 : NR CGI reading assumes autonomous gaps in downlink and uplink.
Proposal 2 : NR intra-frequency and interfrequency CGI reading requirements are the same
Proposal 3 : MIB decoding takes up to 5 SMTC periods
Proposal 4: Interruption requirement for MIB reading is based on 5 interruptions each of duration (SMTC duration + 2*Retuning time). Retuning time = 0.5ms for FR1 or 0.25ms for FR2 and considering asynchronous target cell
Proposal 5: To decide NSIB1, RAN4 first need to discuss the PDSCH transmission assumption for SIB1 acquisition such as: 
1. PDSCH transmission parameters, e.g., PRB size, TBS, modulation, etc. 
2. Whether or not it is assumed soft-combining of PDSCH within SIB1 TTI. If yes, how many? 
3. Metric to decide the number of PDSCH transmissions, e.g., PDSCH decoding success rate of 90%
4. Side condition, e.g., SNR=-6dB
Based on the assumption interested companies will provide the simulation results and decide NSIB1 according to the results.
Proposal 6 : RAN4 discusses from an interruption perspective whether the UE waits until it can guarantee NSIB1 attempts from the same TTI(minimizes interruptions), or follows the same approach as LTE CGI reading and starts SIB1 decoding at any point in the TTI (minimizes best case delay but tail latency needs to be accounted for in interruptions)
Proposal 7 : Based on the duration and number of interruptions for both MIB and SIB1, RAN4  evaluates the missed ACK/NACK assuming similarly as for MIB decoding that retuning time = 0.5ms for FR1 or 0.25ms for FR2 and considering asynchronous target cell
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Appendix
Simulation assumption of PDSCH for SIB1 transmission
	Parameters
	Unit
	Value

	Channel bandwidth
	MHz
	10

	Number of transmitter antennas
	
	1

	Allocated resource blocks for PDSCH
	
	24

	MCS index
	
	7

	Modulation
	
	QPSK

	Target Coding Rate
	
	0.52

	Number of control symbols
	
	2

	PDSCH mapping type
	
	Type A

	Information Bit Payload
	
	

	  For slots with RMSI
	Bits
	3124

	Number of Code Blocks per slot
	
	1

	Binary Channel Bits Per slot
	
	

	  For slots with RMSI
	Bits
	6048

	Derived based on the PDSCH DMRS assumption: dmrs-TypeA-Position=2, dmrs-Type=1, dmrs-AdditonalPositions=2,  maxLength=1, Antenna port index: 1000, and Number of PDSCH DMRS CDM group(s) without data: 1.
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PDSCH QPSK TBS=3124bits, Single DMRS port, 2Rx
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