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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In this contribution, we discuss the CONNECTED mode measurement procedures based on the agreed WF from last meeting in [1]. More specifically, we discuss and provide our view on following subtopics:
· Intra-frequency measurement definition
· CSSF design
· CGI reading
· Cell detection performance
· SSB based RSRP measurement performance
· Time index detection performance
· Measurement conditions for HD-FDD
· LS reply for SSB offset
NCD-SSB measurement
In last meeting, the agreements related to NCD-SSB is as follow.
	The measurement scenarios for NCD-SSB and CD-SSB
· Define RedCap UE’s measurement requirements based on the following scenarios:
· Case A: Serving cell active BWP includes CD-SSB 
· Case B: Serving cell active BWP includes NCD-SSB
· Case B-1: All neighbour cells include NCD-SSB on the same frequency location as serving cell NCD-SSB/[CD-SSB] 
· FFS whether to support Case B-2 
· Case B-2: Some neighbour cells include NCD-SSB, and some neighbour cells without NCD-SSB on the same frequency location as serving cell NCD-SSB/CD-SSB
· Note: if the scenario is supported then no new requirements or minimum changes shall be introduced comparing to Case A and B-1 requirements
Whether to define neighbour cell measurement requirements for NCD-SSB
RAN4 to define requirements for RRM measurement on neighbour cell based on CD-SSB or NCD-SSB for the agreed scenarios mentioned above.


RAN4 needs to further discuss the following issues based on the progress in last meeting.
· The definition of intra-frequency measurement
· Serving cell measurement with both NCD-SSB and CD-SSB configuration
· Neighbour cell measurement with both NCD-SSB and CD-SSB configuration  
· Measurement Requirement if NCD-SSB measurement is agreed 
General scenarios
In last meeting, two possible open issues for general scenarios for RedCap. Firstly, whether neighbour cell may configure NCD-SSB on the same frequency as serving cell’s CD-SSB. We think this is invalid scenario in RedCap. In RAN Plenary #94 meeting, it was agreed that UE can only use measurement by CD-SSB which is associated with SIB1 to access the network. If intra-frequency neighbour cell configures an NCD-SSB in the same frequency as CD-SSB for serving cell. When UE performs intra-frequency cell reselection in Idle mode and reselects to this neighbour cell, UE will measure the NCD-SSB, but UE can’t read SIB1 and successfully camping on the cell since no SIB1 is associated to NCD-SSB. Thus, neighbour cell configures NCD-SSB as the same CD-SSB frequency of serving cell is an invalid scenario.
[bookmark: _Ref100160681]Proposal 1: Preclude the scenario: neighbour cells include NCD-SSB on the same frequency location as serving cell CD-SSB. 
The second issue is whether some of neighbour cells configure NCD-SSB but some of neighbour cells don’t configure NCD-SSB. In last meeting, it was agreed to support NCD-SSB measurement for neighbour cell. If some neighbour cells don’t configure NCD-SSB as the same NCD-SSB frequency of serving cell, it means when serving cell configure the intra-frequency measurement for NCD-SSB, UE can’t measure these neighbour cells. Consequently, UE cannot handover to these neighbour cells which is not expected by RedCap design. 
[bookmark: _Ref100160685]Proposal 2: Preclude the scenario B-2: some neighbour cells include NCD-SSB, and some neighbour cells without NCD-SSB on the same frequency location as serving cell NCD-SSB/CD-SSB.

Definition of Intra-frequency measurement
In last meeting, RAN4 had spent lots of time to discuss the possible definition of intra-frequency measurement for RedCap UE and also sent a LS to RAN2. The possible solutions for intra-frequency reference are as follow.
· Option 1: NW indicates which SSB is the reference for intra-frequency measurement
· Option 2: SSB within active BWP
· Option 3: CD-SSB
For option 3, it reuses the definition as non-RedCap UE intra-frequency measurements. However, the definition is not reasonable for Case B-1 where both serving cell and neighbour cells have NCD-SSB in the active BWP. If we follow the definition to use CD-SSB to define the intra-frequency, it could be found that Case B-1 will be defined as inter-frequency. 
For option 2, it uses the SSB in RedCap active BWP to define the intra-freuquency measurements. However, RedCap UE is similar as non-RedCap UE which may not have SSB in active BWP(Although RAN4 precluded to define requirement for this scenario, actually both NW and UE may handle this scenario in real field.). More importantly, BWP switching is a L1 procedure which supports MAC or DCI-based solution. However, measurement is a L3 procedure. BWP switching happens much faster than L3 measurement. It’s unreasonable to require an L3 measurement procedure following a L1 procedure to change the reference frequency.
Thus, it’s better to use a semi-static solution to define the intra-frequency measurements for RedCap UE based on NW’s indication. If NW configures NCD-SSB measurement for serving cell, the intra-frequency measurement shall be defined based on the center frequency of NCD-SSB. Otherwise, the intra-frequency measurement shall be defined based on the center frequency of CD-SSB. Therefore, when network configures the measurements, network can also indicate the reference SSB for intra-frequency measurement. The servingCellMO can be used as the reference the same as non-RedCap UE. However, if NW will configure both NCD-SSB and CD-SSB measurement for serving cell, NW may further indicate which SSB is the reference SSB up to RAN2 signalling design.
[bookmark: _Ref91710844]Proposal 3: Network indicates the reference NCD-SSB/CD-SSB to UE for intra-frequency measurements. 
· If NW only configures one SSB for serving cell measurement, the SSB frequency in servingCellMO can be the reference for intra-frequency measurement.
· Otherwise, NW may further indicate which SSB is the reference SSB up to RAN2 signalling design.
[bookmark: _Ref95327420][bookmark: _Ref100160695]Proposal 4: For RedCap UE, a measurement is defined as an SSB based intra-frequency measurement provided that 
· If NW configures NCD-SSB of the serving cell indicated for measurement, the center frequency of the NCD-SSB of the serving cell indicated for measurement and the centre frequency of the target SSB of the neighbour cell indicated for measurement are the same. 
· Otherwise, the center frequency of the CD-SSB of the serving cell indicated for measurement and the center frequency of the target SSB of the neighbour cell indicated for measurement are the same.
· The subcarrier spacing of the two SSBs are also the same.
Serving cell measurement with both NCD-SSB and CD-SSB configuration
Firstly, in most scenarios, we don’t think NW will configure both CD-SSB and NCD-SSB measurements for serving cell. As we mentioned above, the total possible NW scenarios are Case A, B-1. In Case A, the active BWP has CD-SSB, NW will configure CD-SSB measurement for serving cell. In Case B-1, the active BWP for both serving cell and neighbour cell have NCD-SSB, NW will configure NCD-SSB measurement for serving cell. 
In legacy NB-IoT, some requirements for non-anchor carrier frequency is applicable if the anchor and non-anchor carrier frequencies are within 20 MHz. From our understanding, the NCD-SSB frequency measurement can reuse the similar methodology as NB-IoT. When NW configures both NCD-SSB and CD-SSB measurement for serving cell, UE should perform measurements based on SSB within active BWP without gap provided that the difference of center frequency between NCD-SSB and CD-SSB is no larger than 20MHz in FR1 and 100MHz in FR2, and the periodicity of NCD-SSB and CD-SSB is the same and the transmission power difference is less than 3dB. Otherwise, UE should perform serving cell measurements based on both NCD-SSB and CD-SSB.
[bookmark: _Ref100160699][bookmark: _Ref95327424]Proposal 5: Whether NW can configure both CD-SSB and NCD-SSB serving cell measurement is up to RAN2’s signalling design.
[bookmark: _Ref100160702]Proposal 6: When both CD-SSB and NCD-SSB serving cell measurement are configured, UE can perform serving cell measurements based on SSB within active BWP only provided that
· the difference of center frequency between NCD-SSB and CD-SSB is no larger than 20MHz in FR1 and 100MHz in FR2
· the difference of reception power between NCD-SSB and CD-SSB is less than 3dB
· the periodicity of NCD-SSB and CD-SSB is the same
Otherwise, UE should perform serving cell measurements based on both NCD-SSB and CD-SSB.
In last meeting, RAN2 sent a LS to RAN4 which mentioned that RAN2 plans to configure NCD-SSB and CD-SSB with a time offset. MG may overlap with both CD-SSB and NCD-SSB of serving cell with time offset(We discussed these scenarios in another todc to reply RAN2 LS). In this scenario, UE should at least perform the intra-frequency measurement even if it’s overlapping with MG. 
[bookmark: _Ref100160706]Proposal 7: When both CD-SSB and NCD-SSB serving cell measurement are configured and both need MG, UE should at least perform the measurement based on indicated intra-frequency provided that
· the difference of centre frequency between NCD-SSB and CD-SSB is no larger than 20MHz in FR1 and 100MHz in FR2
· the difference of reception power between NCD-SSB and CD-SSB is less than 3dB
· the periodicity of NCD-SSB and CD-SSB is the same.
Otherwise, UE should perform serving cell measurements based on both NCD-SSB and CD-SSB.
[bookmark: _Ref91710862]Proposal 8: When NW configures both type of SSBs measurement for one cell to RedCap UE, and UE will only perform measurement for one SSB, UE needs to report the RRM measurement result together with the type of RSs, either NCD-SSB or CD-SSB.

Neighbour cell measurement with both NCD-SSB and CD-SSB configuration
When NW configures neighbour cell measurement with both CD-SSB and NCD-SSB measurements, the UE shall measure on both SSBs provided that UE can do so without gaps or the NW configured required measurement gaps. The UE should follow NW’s configuration to perform measurements on both SSBs other than stop doing configured measurements based on some conditions.

[bookmark: _Ref95327427]Proposal 9: When both CD-SSB and NCD-SSB neighbour cell measurement are configured, UE should follow NW’s configuration to perform measurements on both SSBs.

Measurement procedures
In Rel-17 RedCap UE, the total cell identification/measurement delay requirement may be different because different type of measurement RSs is applied. Therefore, the new delay requirements will be introduced for RedCap UE, such as
· Cell identification and measurement by NCD-SSB(Case B-1) 
· Cell identification and measurement when both NCD-SSB and CD-SSB are configured(Case B-2)
[bookmark: _Ref91710866]Proposal 10: RAN4 to introduce the new measurement delay requirements for RedCap UE.
· (Case B-1) Cell identification and measurement by NCD-SSB 
· (Case B-2) Cell identification and measurement when both NCD-SSB and CD-SSB are configured

CSSF design for RedCap UE
In last meeting, there were some discussions on whether permitting inter-frequency without gap in CSSF outside gap for RedCap UEError! Reference source not found.. When RedCap active BWP includes NCD-SSB and the center frequency of NCD-SSB is the same as the center frequency of NCD-SSB in the neighbour cell, the neighbour cell’s measurement will be without gap regardless of such frequency is called as intra-frequency or inter-frequency. Thus, RAN4 doesn’t need to further discuss the ‘inter-frequency wo gap’ capability.  
The searcher will be exclusively used by intra-frequency measurement and CSSFoutside_gap equals 1 for RedCap UE measurement outside gap.
[bookmark: _Ref100160721][bookmark: _Ref100781479][bookmark: _Ref91710873]Proposal 11: RAN4 to not discuss the ‘Inter-frequency without gap’ measurement capability in Rel-17.
[bookmark: _Ref100781482]Proposal 12: The searcher will be exclusively used by intra-frequency measurement. CSSFoutside_gap equals 1.

CGI reading requirements for RedCap
In last meeting, a WF [2] for CGI reading for RedCap UE was agreed.
	Whether to define CGI identification of an E-UTRAN cell with autonomous gaps for RedCap
RAN4 to define CGI identification of an E-UTRAN cell with autonomous gaps for RedCap 
 
If CGI identification of an E-UTRAN cell with autonomous gaps for RedCap, the requirements:
For CGI identification of an E-UTRAN cell with autonomous gaps for 1 Rx RedCap UE, RAN4 to reuse existing cat-1bis CGI reading requirement in LTE.
 
PBCH decoding delay for CGI reading for 1 Rx in FR1
· Option 1 (HW, E///, CMCC, vivo): The MIB decoding delay requirement of 1Rx RedCap UE can be the same as non-RedCap UE for SNR=-3dB.


RAN4 can reuse the Rel-16 simulation assumptions for SIB1 decoding of normal UE since gNB will broadcast the same SIB1 information for both non-RedCap UEs and RedCap UEs. The SIB1 decoding performance for 1Rx and 2Rx is shown as follow. We have the following observations:
[bookmark: _Ref92404993]Observation 1: Based on our simulation results for 1Rx and 2Rx RedCap UE, 
· SIB1 decoding performance can achieve 90% for 2Rx RedCap UE without soft-combining (same observation as Rel-16 CGI reading requirements)
· SIB1 decoding performance cannot achieve 90% for 1Rx RedCap UE without soft-combining
· SIB1 decoding performance can achieve 90% for 1Rx RedCap UE with soft-combining
[bookmark: _Ref101350542]Table 1. SIB1 decoding performance for 1Rx and 2Rx (PDSCH SNR=-4dB) 
	Channel
	SIB1 decoding success rate

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	2Rx AWGN (single sample)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	2Rx TDLC300 (single sample)
	0.56
	0.81
	0.92
	0.96
	0.98
	0.99
	1
	1
	1
	1
	1
	1

	1Rx AWGN (single sample)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1Rx TDLC300 
(single sample)
	0.07
	0.13
	0.19
	0.25
	0.30
	0.35
	0.39
	0.44
	0.48
	0.51
	0.55
	0.58

	1Rx AWGN 
(Soft-combining every 2 samples)
	
	1
	
	1
	
	1
	
	1
	
	1
	
	1

	1Rx TDLC300 
(Soft-combining every 2 samples)
	
	0.59
	
	0.83
	
	0.93
	
	0.97
	
	1
	
	1

	1Rx TDLC300 
(Soft-combining every 4 samples)
	
	
	
	0.90
	
	
	
	0.99
	
	
	
	1


Based on our simulation results, 1Rx RedCap UE cannot achieve the 90% success rate without soft combining. As we know, gNB cannot differentiate the 1Rx RedCap UE with other UEs. Thus, the SIB1 payload will be the same for all type of UEs. To guarantee the same SIB1 success rate as other type of UEs, soft-combining should be mandatory to 1Rx RedCap UE. It can be seen that the SIB1 decoding delay for 1Rx RedCap UE can be the same as legacy non-RedCap UEs with 6 samples.
If we compare the required number of samples between 1Rx and 2Rx, Table 1 shows 2Rx UE requires 3 samples although 1Rx UE requires 6 samples with 2-sample soft-combing of 4 samples with 4-sample soft-combining. Since Rel-16 requirements sets 6 samples for SIB1 reading delay for 2Rx, the possible SIB1 reading delay for 1Rx is 8 to 12, according to the assumed soft-combining. We understand it is up to UE implementation how many samples are combined for SIB1 reading. Therefore we propose to set SIB1 reading delay based on 10 samples. 
[bookmark: _Ref92314099]Proposal 13: 10 samples are needed for 1Rx RedCap UE to achieve the SIB1 90% successful rate.
Assistance information for CGI reading
There are two main usages for CGI reading:
· Identify the target cell by the global ID during handover
· ANR to relieve the burden of operators
NCD-SSB will be used for L3 measurement, L1 measurement and mobility for RedCap UE. It’s important for serving cell to know the information to further configure the L3 measurements or handover command with NCD-SSB to UEs. 
Once serving cell knows NCD-SSB is transmitted in target cell, serving cell can configure the handover command directly to the specific RedCap BWP. In addition, when serving cell manages the newly detected neighbour cells for ANR, it’s also beneficial to know whether NCD-SSB is transmitted in the neighbour cells.
[bookmark: _Ref92314102]However, based on RAN1 and RAN plenary agreements in [3, 4], transmission of NCD-SSB in the target cell is uncertain. Therefore, we propose that if indicated by network, UE will further report the NCD-SSB information (such as SSB-frequency, SCS etc.) together with global cell ID when UE reporting the CGI. 
[bookmark: _Ref100160730]Proposal 14: If indicated by network, UE will further report the NCD-SSB information (such as SSB-frequency, SCS etc.) together with global cell ID when UE reporting the CGI.
Cell detection performance
Following two issues remain to be resolved for cell detection performance [4]:
	If number of attempts are increased, how much to increase for FR1
· Option 2 (vivo, Nokia, HW, MTK, E///, Apple): 1 sample
· Option 3 (QC): by 3 samples
· 
Whether to extend the lower bound in PSS/SSS detection delay in FR1 and FR2 
· Option 1 (Apple, vivo, Nokia, HW, MTK, E///): No 
· Option 2 (QC): Yes for FR1
· increase the lower bound from 600ms to 960 ms 



RAN4 has earlier agreed that the number of samples are increased, and the exact number of samples is under discussions. As shown in [4], there is a clear majority view supporting extension by 1 sample while one company argues to extend by 3 samples. In [5], it is explained out of 5 samples which are used in the legacy requirements 3 samples are used for AGC and 2 samples are used for PSS/SSS detection, and the simulation results shown in [6] shows that up to 3 samples are needed for PSS/SSS detection with 90% detection rate. In other words, these results justify the need to extend the number of samples by 1 sample since 3 samples are needed for 1 Rx UE compared to 2 samples for 2 Rx Ue for PSS/SSS detection with 90% detection rate. Whether additional samples are needed due to longer duty cycle shall be discussed separately.
[bookmark: _Ref101802358]Observation 2: The results provided by supporting company of option 3 show 1 additional sample is needed for 1 Rx UE compared to 2 Rx UE for PSS/SSS detection with 90% detection rate. 
[bookmark: _Ref95755042]Proposal 15: Cell detection requirements from Rel-15 NR are extended by 1 sample (6 samples in total) for RedCap UE with 1 Rx in FR1.

Our simulation shows are shown for reference in Annex of this paper in section 11. 
The second open issue is related to whether the lower bound needs to be extended in the PSS/SSS detection delay requirements.  In existing requirements, the lower bound is 600 ms for both FR1 and FR2. For FR1 assuming that the number of samples is extended by 1, our view is to not extend the lower bound since a MAX function is applied to the formula which takes into account the number of samples required for PSS/SSS detection. Similar to the previous open issue, majority of the companies do not see the need to extend the lower bound of the PSS/SSS detection delay while one company argue to extend the lower bound. The motivation provided in [5] is UE power saving.  In many areas of RAN4 RRM RedCap work, the approach used for LTE cat-1bis UE requirements are reused for defining the RedCap requirements. For cat-1bis in LTE the lower bound was not extended compared to Rel-8 LTE requirements and same approach can be use for RedCap.  In addition, RRM relaxation features are support for RedCap UE allowing the UE to measure less frequently on the neighbour cells, therefore our view is that there are already features introduced to achieve improved power consumption. 
[bookmark: _Ref101710627] Proposal 16: Lower bound in legacy PSS/SSS detection delay requirements are reused for 1 Rx RedCap UE.


SSB based RSRP measurement performance
At last meeting it was agreed that the measurement period (number of samples) for 1 Rx UE requirements for SSB based L3 RSRP measurement in FR1 is same as in release 15 requirements [4].  Following two issues were also discussed without progress [4]:
	Whether lower bound in measurement period for 1 Rx requirements is extended in FR1
· Option 2 (Apple, MTK, QC): Only lower bound is extended while keeping the same number of samples.
· Lower bound extended to 400 ms as follows: 
· max(400ms, ceil( 5 x Kp) x SMTC period) x CSSFintra
· Option 3 (HW, E///, Nokia, vivo): Lower bound is not extended compared to Release 15 requirements. 

Relaxation of accuracy levels for FR1
· FFS: Absolute accuracy by 1 dB compared to legacy requirements for 2 Rx UE
· FFS: Relative accuracy by 1 dB compared to legacy requirements for 2 Rx UE



The first issue is related to the lower bound of measurement delay requirements. Typically, the extension of number of samples and lower bound in the requirements should be aligned, i.e. if the number of samples are extended then the lower bound should also be extended. Given the agreement to not extend the number of samples, it is straightforward to apply the same lower bound as in release 15 requirements.
[bookmark: _Ref101710631]Proposal 17: The lower bound of SSB based RSRP measurement delay requirement is unchanged compared to release 15 requirements for FR1.

The second issue is related to the accuracy requirements for FR1. At last meeting, the majority of the companies supported relaxation by 1 dB for absolute and relative accuracy requirements compared to the corresponding legacy requirements [7].  

The tables in sections 6.1 show the performance degradation in term of measurement bias for 1 Rx UE compared to 2 Rx UE at 5% and 95% for 1 Rx UE. The results show that the most impact is on the synch case where the measured values are subject to more interference compared to the async case. It is also observed that the difference in measurement performance between the different SCS is very small. For example, the measurement bias between the 15 kHz SCS and 30 kHz SCS is very similar. Larger impact is observed on the FR2 results (~1.5 dB) compared to FR1 (~1 dB), this relation can also be seen in legacy results. 
The RAN¤ accuracy requirements are typically defined based on the performance in AWGN channel while taking into account the performance difference in the fading channels. It was pointed out by company that the AWGN should also be used in the test cases. In our view, that is a separate discussion and can be discussed as part of the test configurations and it should not affect the agreement on accuracy level. 
[bookmark: _Ref101710636]Proposal 18: Absolute and relative measurement accuracy for SSB based RedCap UE with 1 Rx is relaxed by 1 dB in FR1 compared to Rel-15 SSB based RSRP measurement accuracy requirements with 2 Rx.

Simulation results
The simulation results showing the measurement bias for the different configurations of duplex modes, SCS, propagation channels and number of receive antennas are presented in this section. Tables in section 2.1 to 2.3 contain the summary of results where the measurement error (degradation) for 1 Rx UE are compared to the 2 Rx UEs using 5 samples is shown, i.e. 
Max(Degradation(5%-ile, N samples), Degradation(95%-ile, N samples)), where, 
· Degradation(5%-ile, N samples) := (SNR accuracy at 5%-tile with 5 samples, 2Rx) - (SNR accuracy at 5%-tile with N samples, 1Rx)
· Degradation(95%-ile, N samples) := (SNR accuracy at 95%-tile with N samples, 1Rx) - (SNR accuracy at 95%-tile with 5 samples, 2Rx)

 Results for the measurement based on 5 samples are highlighted since the legacy measurements are also based on 5 samples.
FDD 15 kHz SCS with sync and async 
Table 2	Accuracy degradation in dB of SS-RSRP measurement due to 2Rx to 1 Rx (FDD SCS=15kHz).
	Number of SSB samples
	5 (Rel-15)
	6
	7
	8

	Sync AWGN
	0.12
	0.09
	0.05
	0.04

	Sync TDLA30
	1.02
	0.83
	0.56
	0.41

	Sync TDLB100
	0.93
	0.79
	0.64
	0.54

	Sync1 TDLC300
	0.99
	0.84
	0.6
	0.56

	Async AWGN
	0.05
	0.04
	0.13
	0.19

	Async3 TDLA30
	1.04
	0.61
	0.38
	0.21

	Async3 TDLB100
	1.12
	0.78
	0.64
	0.49

	Async TDLC300
	1.06
	0.97
	0.82
	0.62



TDD 30 kHz SCS with sync and async 
Table 3	Accuracy degradation in dB of SS-RSRP measurement due to 2 Rx to 1 Rx (TDD SCS=30kHz).
	Number of SSB samples
	5 (Rel-15)
	6
	7
	8

	Sync AWGN
	0.13
	0.08
	0.06
	0.05

	Sync TDLA30
	1.11
	0.56
	0.46
	0.17

	Sync TDLB100
	0.62
	0.47
	0.33
	0.24

	Sync1 TDLC300
	1
	0.76
	0.55
	0.39

	Async AWGN
	0.26
	0.14
	0.07
	0.06

	Async3 TDLA30
	1.07
	0.64
	0.49
	0.28

	Async3 TDLB100
	1.1
	0.92
	0.82
	0.79

	Async TDLC300
	0.74
	0.41
	0.24
	0.09



TDD 120 kHz SCS with sync and async 
Table 4	Accuracy degradation in dB of SS-RSRP measurement due to 2 Rx to 1 Rx (TDD SCS=120kHz).
	Number of SSB samples
	5 (Rel-15)
	6
	7
	8

	Sync AWGN
	0.16
	0.12
	0.09
	0.07

	Sync TDLA30
	1.19
	0.96
	0.78
	0.72

	Async AWGN
	0.12
	0.09
	0.15
	0.21

	Async TDLA30
	1.21
	1.03
	0.86
	0.84




Time index detection performance

The time index detection simulation results showed diverse results, and in order to better align the results the side conditions and channel profiles to derive the minimum requirements discussed at last meeting. More specifically, the side condition for defining the time index detection requirements for FR1 was agreed as -6 dB at last meeting and for the worst-case scenario channel profiles [4]. In addition, the requirements shall be derived with 99% detection rate as agreed in [8].
It was further agreed to extend the time index delay in FR1 but the number of samples is under discussions as follows [4]:
	If extended, how much to extend time index delay in FR1
· Option 1 (): by 1 SMTC compared to legacy requirements
· Option 2 (Nokia, E///, Apple, vivo): by 2 samples/SMTC
· Option 3 (QC, HW): by 4 samples/SMTC, i.e. 7 attempts in total
· Option 4 (QC): by 3 samples/SMTC, i.e. 6 attempts in total




SSB index detection requires reading of PBCH DMRS in FR1 and MIB in FR2. Below we present the simulation results for SSB index detection reading for FR1 ased on the simulation assumptions agreed in [3]:
Figure 1 PBCH-DMRS detection for FR1
[image: ]

Based on the simulation results above and based on the agreed side condition and worst-case channel profile, we make following proposals based on the options agreed in [1]:
[bookmark: _Ref101710640]Proposal 19: Time index detection delay in FR1 is extended from 1 attempt (legacy) to 2 attempts at -6 dB SNR with 99% detection rate for RedCap UE with 1 Rx.

The supporting simulation results behind the option 3 (a total of 7 attempts in total) is provided in [9]. However, looking at the results carefully, the results shown in this contribution confirm that up to 5 attempts are needed for PBCH DMRS detection for 1 Rx with 99% detection rate, see Table 1 in [9]. It shall be noted that only PBCH-DMRS is needed for time index detection in FR1 and therefore there is no need to also consider PBCH decoding rate and this could explain the reason behind the difference between option 2 and 3. Thus, as also pointed out by other companies during last meeting, option 3 is similar to option 2, i.e. extension by 2 samples are sufficient. 

[bookmark: _Ref101802363]Observation 3: The results provided by supporting company of option 3 show extension by 2 samples/SMTC is sufficient compared to 2 Rx requirements when only considering PBCH-DMRS for FR1 at -6 dB side condition with 99% detection rate [9]. 


Measurement conditions for HD-FDD
Priority between UL transmission and DL reception for HD-FDD UE was discussed at last meeting with the agreement to prioritize the RRM DL measurement over UL transmission when they overlap during the cell identification and measurement period [4]. It was further discussed whether to introduce scheduling availability for HD-FDD without any agreement. Given the agreement on priority between DL and UL for HD-FDD UE, and given that this issue not included in the exception request, our view is to not further discuss the need on scheduling availability in CONNETED mode.
[bookmark: _Ref101802366]Observation 4: No open issue on scheduling availability in the agreed exception request [3].
[bookmark: _Ref101710643]Proposal 20: RAN4 to focus on the open issues listed in the exception request only for core part and thus no need to discuss scheduling availability. 
LS reply for SSB offset
In last RAN2 meeing, an LS was sent to RAN4 [1]. 
	In RAN2#117-e, it was concluded that, from RAN2 signalling standpoint, CD-SSB and NCD-SSB(s) may be transmitted at different times by configuring an offset. RAN2 would like to ask RAN4 and RAN1 whether such offset is feasible/needed.



Time offset for NCD-SSB
As discussion in several meetings before, some companies mentioned that there is a power bossting issue if both SSBs are configured in the same time duration and the power of NCD-SSB is configured as the same value as CD-SSB. We think this observation is valid. Thus, from our understanding, it’s reasonable to transmit the CD-SSB and NCD-SSB(s) at different time by configuring different time offsets.
[bookmark: _Ref95247141]Proposal 21: To confirm with RAN2 that it’s reasonable to transmit the CD-SSB and NCD-SSB(s) at different time by configuring different time offsets.
Measurement Impact
When NW configures different time offset for CD-SSB and NCD-SSB(s), RAN4 needs to further consider the impact to RAN4 measurement. For example, if CD-SSB configures in the 1st half-frame, and NCD-SSB configures in the 2nd half-fame for the same frame, when NW configures measurement gap to measure one type of SSB, the MG may also partially overlap with the other type of SSB shown in the figure below.
[bookmark: _Ref101802369]Observation 5: The configured MG may collide with both CD-SSB and NCD-SSB for one cell due to time offset.
[image: ]
Figure 2. CD-SSB and NCD-SSB configured with time offset
If UE is allowed to measure both type of SSBs within MG, the total interruption will be doubled which will cause a long interruption overhead because NW has no knowledge of UE’s scheduling on which type of SSB will be measured. This long interruption will result in performance degradation. Therefore, to avoid the severe performance degradation, the SSB inter-frequency layer which is fully-partially overlapping with the MG whould be dropped.
[bookmark: _Ref101802373]Observation 6: UE will suffer severe performance degradation if the SSB is fully-partially overlapping with the MG and is required to perform measurement within gap.
However, an exceptional case is the SSB intra-frequency which is fully-partially overlapping with the MG. UE had to perform the intra-frequency measurement within the gap. Thus, the total interruption length should be extended. 
[bookmark: _Ref100329550]Proposal 22: When the SSB frequency layer which is fully-partially overlapping with the MG,
· if it’s an inter-frequency layer, its measurement whould be dropped.
· if it’s an intra-frequency layer, the measurement should be performed within gap and the total interruption length equals 2*RF switching time+2*SMTC duration.
Otherwise, the SSB frequency layer should be measured outside MG.
Note: The fully-partially overlapping definition of MG enh WI is reused.
Obviously, a better solution is to restrict the time offset configuration for each SSB to guarantee no type of SSB is partially overlapping with MG. We also noticed some proximity discussion in Rel-17 MG enh. WI. Both UE and NW have issues on scheduling if two MG occsions are too close to each other. Thus, we suggest to resue such concept to define the proximity between two SSB occasions. Considering the RF switching time 0.5ms, it’s better to guarantee the proximity between two consecutive SSBs from different type equal 5ms.
[bookmark: _Ref101802384] Observation 7: Ran4 had agreed the proximity between two MG occasionsin Rel-17 MG enh. WI.
[bookmark: _Ref100329554]Proposal 23: The time offset between two SSBs should be larger than the proximity 5ms considering the RF switching time is 0.5ms for MG.   
For example, the time offset of two SSBs in one cell should base on the multiples of 10ms. If NW wants UE to perform measurement on other SSBs, the offset between two SSBs should equal with the MGRP of MG to guarantee all type of SSBs is fully within MG. Thus, the configured further time offset between two SSBs in one cell should be restricted to MGRP. 
[image: ]
[bookmark: _Ref100329557]Proposal 24: The time offset between two SSBs should at least guarantee no SSB is partially overlapping with MG, such as based on the multiples of 10ms.
[bookmark: _Ref100329560]Proposal 25: The time offset between two SSBs should be configured as the MGRP of MG to guarantee the possibility of the SSBs to be measured are fully overlapping within MG. 

Summary
In the contribution, we have discussed the CONNECTED mode measurement procedures due to UE complexity reduction for RedCap UE. Based on the discussions, we have made following proposals:
Observation 1: Based on our simulation results for 1Rx and 2Rx RedCap UE,
· SIB1 decoding performance can achieve 90% for 2Rx RedCap UE without soft-combining (same observation as Rel-16 CGI reading requirements)
· SIB1 decoding performance cannot achieve 90% for 1Rx RedCap UE without soft-combining
· SIB1 decoding performance can achieve 90% for 1Rx RedCap UE with soft-combining
Observation 2: The results provided by supporting company of option 3 show 1 additional sample is needed for 1 Rx UE compared to 2 Rx UE for PSS/SSS detection with 90% detection rate.
Observation 3: The results provided by supporting company of option 3 show extension by 2 samples/SMTC is sufficient compared to 2 Rx requirements when only considering PBCH-DMRS for FR1 at -6 dB side condition with 99% detection rate [9].
Observation 4: No open issue on scheduling availability in the agreed exception request [3].
Observation 5: The configured MG may collide with both CD-SSB and NCD-SSB for one cell due to time offset.
Observation 6: UE will suffer severe performance degradation if the SSB is fully-partially overlapping with the MG and is required to perform measurement within gap.
Observation 7: Ran4 had agreed the proximity between two MG occasionsin Rel-17 MG enh. WI.
Proposal 1: Preclude the scenario: neighbour cells include NCD-SSB on the same frequency location as serving cell CD-SSB.
Proposal 2: Preclude the scenario B-2: some neighbour cells include NCD-SSB, and some neighbour cells without NCD-SSB on the same frequency location as serving cell NCD-SSB/CD-SSB.
Proposal 3: Network indicates the reference NCD-SSB/CD-SSB to UE for intra-frequency measurements.
· If NW only configures one SSB for serving cell measurement, the ssb frequency in servingCellMO can be the reference for intra-frequency measurement.
· Otherwise, NW may further indicate which SSB is the reference SSB up to RAN2 signalling design.
Proposal 4: For RedCap UE, a measurement is defined as an SSB based intra-frequency measurement provided that
· If NW configures NCD-SSB of the serving cell indicated for measurement, the center frequency of the NCD-SSB of the serving cell indicated for measurement and the centre frequency of the target SSB of the neighbour cell indicated for measurement are the same. 
· Otherwise, the center frequency of the CD-SSB of the serving cell indicated for measurement and the center frequency of the target SSB of the neighbour cell indicated for measurement are the same.
· The subcarrier spacing of the two SSBs are also the same.
Proposal 5: Whether NW can configure both CD-SSB and NCD-SSB serving cell measurement is up to RAN2’s signalling design.
Proposal 6: When both CD-SSB and NCD-SSB serving cell measurement are configured, UE can perform serving cell measurements based on SSB within active BWP only provided that
· the difference of center frequency between NCD-SSB and CD-SSB is no larger than 20MHz in FR1 and 100MHz in FR2
· the difference of reception power between NCD-SSB and CD-SSB is less than 3dB
· the periodicity of NCD-SSB and CD-SSB is the same
Otherwise, UE should perform serving cell measurements based on both NCD-SSB and CD-SSB.
Proposal 7: When both CD-SSB and NCD-SSB serving cell measurement are configured and both need MG, UE should at least perform the measurement based on indicated intra-frequency provided that
· the difference of centre frequency between NCD-SSB and CD-SSB is no larger than 20MHz in FR1 and 100MHz in FR2
· the difference of reception power between NCD-SSB and CD-SSB is less than 3dB
· the periodicity of NCD-SSB and CD-SSB is the same.
Proposal 8: When NW configures both type of SSBs measurement for one cell to RedCap UE, and UE will only perform measurement for one SSB, UE needs to report the RRM measurement result together with the type of RSs, either NCD-SSB or CD-SSB.
Proposal 9: When both CD-SSB and NCD-SSB neighbour cell measurement are configured, UE should follow NW’s configuration to perform measurements on both SSBs.
Proposal 10: RAN4 to introduce the new measurement delay requirements for RedCap UE.
· (Case B-1) Cell identification and measurement by NCD-SSB 
· (Case B-2) Cell identification and measurement when both NCD-SSB and CD-SSB are configured
Proposal 11: RAN4 to not discuss the ‘Inter-frequency without gap’ measurement capability in Rel-17.
Proposal 12: The searcher will be exclusively used by intra-frequency measurement. CSSFoutside_gap equals 1.
Proposal 13: 10 samples are needed for 1Rx RedCap UE to achieve the SIB1 90% successful rate.
Proposal 14: If indicated by network, UE will further report the NCD-SSB information (such as SSB-frequency, SCS etc.) together with global cell ID when UE reporting the CGI.
Proposal 15: Cell detection requirements from Rel-15 NR are extended by 1 sample (6 samples in total) for RedCap UE with 1 Rx in FR1.
Proposal 16: Lower bound in legacy PSS/SSS detection delay requirements are reused for 1 Rx RedCap UE.
Proposal 17: The lower bound of SSB based RSRP measurement delay requirement is unchanged compared to release 15 requirements for FR1.
Proposal 18: Absolute and relative measurement accuracy for SSB based RedCap UE with 1 Rx is relaxed by 1 dB in FR1 compared to Rel-15 SSB based RSRP measurement accuracy requirements with 2 Rx.
Proposal 19: Time index detection delay in FR1 is extended from 1 attempt (legacy) to 2 attempts at -6 dB SNR with 99% detection rate for RedCap UE with 1 Rx.
Proposal 20: RAN4 to focus on the open issues listed in the exception request only for core part and thus no need to discuss scheduling availability.
Proposal 21: To confirm with RAN2 that it’s reasonable to transmit the CD-SSB and NCD-SSB(s) at different time by configuring different time offsets.
Proposal 22: When the SSB frequency layer which is fully-partially overlapping with the MG,
· if it’s an inter-frequency layer, its measurement whould be dropped.
· if it’s an intra-frequency layer, the measurement should be performed within gap and the total interruption length equals 2*RF switching time+2*SMTC duration.
Otherwise, the SSB frequency layer should be measured outside MG.
Note: The fully-partially overlapping definition of MG enh WI is reused.
Proposal 23: The time offset between two SSBs should be larger than the proximity 5ms considering the RF switching time is 0.5ms for MG.
Proposal 24: The time offset between two SSBs should at least guarantee no SSB is partially overlapping with MG, such as based on the multiples of 10ms.
Proposal 25: The time offset between two SSBs should be configured as the MGRP of MG to guarantee the possibility of the SSBs to be measured are fully overlapping within MG.
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1. Overall Description:
RAN4 thanks the LS from RAN2 on SSB offset configuration for RedCap. During this RAN4 meeting, RAN4 further discussed the question and achieved the following conclusions:
[RAN4 Response]: 
It’s feasible to configure an offset for transmitting CD-SSB and NCD-SSB(s) at different times. From RAN4’s perspective, the offset between different CD-SSB and NCD-SSB(s) should be based on the multiples of 10ms.
2. Actions:
To RAN2:
RAN4 respectfully asks RAN2 to take the above information into account. 
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