[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting #103 -e	R4-2209041
Electronic Meeting, May 9  – May 20, 2022

Source:	Nokia, Nokia Shanghai Bell 
Title:	Discussion on measurement procedures for RedCap UEs
Agenda item:	9.19.3.1.5
Document for:	Discussion and Decision

Introduction
The RedCap WID [1] defines among its objectives the specification of support for UEs with reduced maximum UE bandwidth and reduced minimum number of Rx branches, which impacts on the UE performance. Most of the requirements for RedCap UEs with 1 Rx have been agreed in previous RAN4 meetings, however there are still some open issues left before the completion of this WID [2]. Additionally, there are some issues related to the measurement requirements for operation with NCD-SSB, which are also discussed in this contribution.
Discussion
Measurement requirements for RedCap UEs with 1 Rx
PSS/SSS detection
In the last meeting, the following was discussed without consensus:
	PSS/SSS detection with 1 Rx
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 




Our simulation results according to the simulation assumptions agreed in [5]are given in Table 1:
Table 1 – NR PSS-SSS acquisition time, in number of samples, required for a RedCap UE with 1Rx successfully detecting PSS and SSS in different scenarios in FR1 and FR2
	
	Cell Id: 674
	Cell Id: 673

	
	Sync
	Async
	Sync
	Async

	FR1,15kHz,AWGN
	1
	1
	1
	1

	FR1,30kHz,AWGN
	1
	1
	1
	1

	FR1,15kHz,TDLA 30 ns
	1
	1
	1
	2

	FR1,30kHz,TDLA 30 ns
	1
	2
	1
	1

	FR1,15kHz,TDLB 100 ns
	1
	1
	1
	1

	FR1,30kHz,TDLB 100 ns
	1
	2
	1
	1

	FR1,15kHz,TDLC 300 ns
	1
	1
	1
	1

	FR1,30kHz,TDLC 300 ns
	1
	2
	1
	1

	FR2,120kHz,AWGN 
	1
	1
	1
	1

	FR2,240kHz,AWGN 
	1
	1
	1
	1

	FR2,120kHz,TDLA 30 ns
	1
	2
	1
	1

	FR2,240kHz,TDLA 30 ns
	1
	1
	1
	1



The results show that the worst cell detection performance cases, require at most 2 samples for successfully detecting PSS / SSS. This is the same as what was assumed with 2 RXs during the development of RRM requirements for NR Rel-15.
According to our simulation results, the successful acquisition of NR PSS/SSS for a RedCap UE with 1 Rx requires at most: 2 samples in FR1 and FR2, which is the same as in Rel-15.
However, it was already agreed that the time period for PSS/SSS detection is extended. Therefore, we propose that this extension is limited to 1 sample. 
Time period for PSS/SSS detection, TPSS/SSS_sync_intra and TPSS/SSS_sync_inter, for RedCap UEs with 1 RX is extended by 1 sample in FR1.
According to the Rel-15 requirements, the lower bound of the PSS/SSS detection delay is 600 ms, which, for most SMTC periodicities is already enough to account for the extension of the number of required samples, according to our proposal in FR1. Therefore, we do not see reason to extend the lower bound.
Do not extend the lower bound for PSS/SSS detection delay.
Time index detection with 1 RX
In the last RAN4 meeting, the following was agreed regarding 
	Time index detection with 1 Rx
Side condition for defining requirements in FR1
· Define the time index detection delay in FR1 for RedCap UEs based on the side condition of -6dB 
· Define the time index detection delay in FR1 for RedCap UEs for the worst-case scenario (within the proposed channel profiles)

Whether to extend time index delay in FR1 (PBCH-DMRS detection)
· The time index delay in FR1 (PBCH-DMRS detection) is extended. 

Whether to extend the lower bound in time index detection delay
The lower bound in the time index detection delay is extended as follows:
· non-DRX delay requirement: max(160ms, ceil( 4 x Kp ) x SMTC period) x CSSFintra



The following is still listed as open issues:
	Time index detection with 1 Rx
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




In the past  RAN4 meetings, companies brought simulation results for the time index detection with 1 RX, for the  simulation parameters shown in Appendix A. In FR1, the time index detection depends only on the successfully decoding of the DMRS, and the requirements are determined based on the number of samples required for 99% success rate. 
In the last meeting, it was agreed that the requirements will be defined based on the SNR side condition of -6 dB, for the worst-case channel. In Table 2 we summarize our simulation results  [9] for different channel profiles at this SNR side condition.
[bookmark: _Ref99715567]Table 2 - Number of attempts required for 99% successful reading of DMRS time index
	
	15 kHz
	30 kHz

	
	1 Rx
	2 Rx
	1 Rx
	2 Rx

	AWGN
	1
	1
	1
	1

	TDL-A-30
	4
	2
	3
	2

	TDL-C-300
	4
	2
	4
	2



In this section, the results are presented in terms of the number of acquisition attempts required to successfully reading the DMRS time index to achieve a target detection rate of 99% given a false alarm rate of 1%.
The simulations show that in order to achieve 99% the time index detection delay should be extended by 2 samples in RedCap with 1 Rx for FR1 at -6dB compared to legacy UE with 2 Rx.
Extend the time index detection delay in FR1 by 2 samples for RedCap UE with 1 RX.
SSB based L3 measurements
In the last RAN4 meeting, the following was agreed [2]:
	SSB based L3 measurement with 1 Rx
Measurement period (# of samples) for 1 Rx requirements for SSB based L3 measurement in FR1
Measurement period (# of samples) for 1 Rx requirements for SSB based L3 measurement in FR1 is same as in Release 15 requirements. 



And the following remains as open issues:
	SSB based L3 measurement with 1 Rx
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




In the last RAN4 meeting, it was agreed to define the requirements based on the same number of samples as in Rel-15, which is aligned with our simulation results shown in our previous contribution [8], based on the simulation assumptions agreed in [4]. 
RAN4 agreed in RAN4 #102 that the measurement period for SSB based L3 measurements in FR1 for 1 Rx RedCap is the same as in Release 15. 
Since it was already agreed to keep the same number of samples as in Rel-15, we see no reason to extend the lower bound of this measurement. Furthermore, our results presented in [8] show that the RSRP degradation between RedCap UEs with 2 Rx branches and RedCap UEs with 1 Rx branch is less than 1 dB in all simulated scenarios in FR1. 
According to our simulation results, the absolute RSRP accuracy degradation due to reducing the number of Rx branches is up to 0.74 dB in FR1 with the TDLA-30ns channel
For AWGN channel, the accuracy degradation due to reducing the number of Rx branches is up to 0.41 dB in FR1.
Therefore, we propose:
For SSB-based RRM measurements, relax the absolute and relative accuracies by 0.5 dB compared to legacy requirements for 2 Rx UE. 
Measurement requirements with NCD-SSB
In order to offload RedCap UEs from the initial BWP, in Rel-17 it has been agreed that the network can configure implement a separate dedicated RedCap BWP. While - as an optional capability - some UEs supporting FG 6-1a do not need SSB to operate, others, supporting mandatory FG 6-1, would require an SSB. Therefore, RAN1 has designed operation with a non-cell-defining SSB (NCD-SSB). It is important to mention that neighbour cell measurements with SSB different to cell-defining SSB (CD-SSB) in the context of multiple SSBs in a carrier (TS 38.300, Annex B.2) are possible since Rel-15.
The difference between a CD-SSB and a non-cell defining SSB is that a CD-SSB is associated with an RMSI (TS 38.300). A PCell is always associated to a CD-SSB located on the synchronization raster. For idle/inactive mode the concept of NCD-SSB does not exist in RAN2 specification (understanding confirmed in an agreement in RAN2 #116e). 
RAN4 has also discussed measurement requirements with NCD-SSB. In the last RAN4 meeting, the following was agreed: 
	Agreements
Use of NCD-SSB for CONNECTED mode measurements
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.
 
New NCD-SSB capability for non-RedCap UE
No need to discuss whether new NCD-SSB capability is to be introduced for non-RedCap UE.




There are, still, several open issues listed in the Way Forward agreed in the previous RAN4 meeting [2]. 
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
In our view, such scenario is possible in case some neighbour cells are operating with a RRC-configured dedicated RedCap BWP due to high RedCap traffic and other cells which do not have high RedCap traffic and thus RedCap UE’s are served in the initial BWP. In this case, the CD-SSB of the configured neighbour cell needs to be measured, as there is no NCD-SSB available in the active BWP. To do this, the UE needs to retune to CD-SSB and request a measurement gap from serving cell, which may cause serving cell data transfer interruption. Thus, the impact to RRM requirements from scenario B-2 refers to the restricted scheduling availability when measuring each configured neighbour cell without NCD-SSB on the same frequency location using measurement gap(s).
Scenario B-2 should be supported. The impact to RRM requirements from scenario B-2 refers to the to the restricted scheduling availability when measuring each configured neighbour cell without NCD-SSB on the same frequency location using measurement gap(s). 

Reference SSB to decide measurement type (intra- or inter-frequency) in RRC_CONNECTED state
Among the open issues from the last meeting is the SSB type for defining the reference for intra-frequency and inter-frequency measurements. According to TS 38.133, a measurement is defined as intra-frequency when: 

A measurement is defined as a SSB based intra-frequency measurement provided the centre frequency of the SSB of the serving cell indicated for measurement and the centre frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs are also the same.
The network indicates to the UE which SSB to measure for the serving cell by configuring a measurement object whose ID is indicated by servingCellMO. Additionally, TS 38.300 describes that from the UE perspective, even if multiple SSBs are transmitted in a carrier, each serving cell is associated to at most a single SSB, which equals the CD-SSB. 

The network indicates to the UE which SSB(s) of the serving cell to measure by configuring a measurement object whose ID is indicated by servingCellMO.
RAN2 agreed on the following in RAN2 #117:

	8. RAN2 confirms that it is up to network implementation, but it is expected that the network configures a MO on the NCD-SSB frequency if it wants the UE to use it only for serving cell measurements when some neighbor cells do not send an SSB on UE’s NCD-SSB frequency.
9. For neighbour cell measurements, it is up to network to configure MO on CD-SSB or NCD-SSB or both (same in legacy, no spec impact)
10. servingCellMO is configured to the MO on the CD-SSB when RedCap specific BWP of a UE contains neither CD-SSB nor NCD-SSB.
11. A RedCap UE may be configured with multiple NCD-SSBs, but only one per BWP (FFS on what "only one per BWP" means).
12. The working assumption “The periodicity of NCD-SSB shall be not less than the periodicity of serving cell’s CD-SSB.” is confirmed.
13. NCD-SSB should not be indicated in the handover command, i.e., network sets ServingCellConfigCommon => downlinkConfigCommon => frequencyInfoDL => absoluteFrequencySSB to the frequency of the CD-SSB (not the NCD-SSB)
14. The discussion on whether a non-RedCap UE should be able to use NCD-SSB instead of CD-SSB is deprioritized in Rel-17.




The SSB of the serving cell indicated for measurement in the servingCellMO can be either a CD-SSB or NCD-SSB or both. 
Even if the RedCap UE is configured with multiple NCD-SSBs, i.e. one per non-initial dedicated BWP, each serving cell is associated to at most a single SSB, which equals the CD-SSB, according to TS 38.300. There is no ambiguity if only one SSB is indicated in the serving cell MO. 
If only one SSB is indicated in serving cell MO, either CD-SSB or NCD-SSB, this SSB is used as reference SSB for the definition of intra-frequency measurements. 
When both CD-SSB and NCD-SSB are configured for serving-cell measurements
Additionally, it is important to discuss the case when both CD-SSB and NCD-SSB measurements are configured to serving cell or neighbor cell measurements. 
For serving cell measurements, RAN2 has agreed that the UE can be configured with multiple NCD-SSBs but only one per BWP. The scenario in which both NCD-SSB and CD-SSB are configured in the same BWP was also excluded in RAN4 #102-e. The agreements in RAN2 and RAN4 lead to the conclusion that at most one SSB – CD or NCD-SSB - is configured for measurements within the active BWP, and other configured SSBs in the serving cell need to be outside the active BWP (for which UE needs gaps). 
According to RAN 2 agreements, there is at most one SSB configured for measurements within a BWP.  
Therefore, if both CD-SSB and NCD-SSB are configured for serving-cell measurements, the UE can measure only the SSB within the active BWP without measurement gaps. There is no need to create additional signalling since both network and UE are aware of the active BWP and of the SSB within it. 
When both NCD-SSB and CD-SSB are configured for serving cell measurements, the UE shall use as reference the SSB within its active BWP. 
In general, if there is no difference on the requirements for CD-SSB or NCD-SSB measurements in RRC_CONNECTED state, there should not be a differentiation in the specification. 
Considering that there is no ambiguity in the definition of the reference SSB according to proposals 6 and 7, in our view, the definition of intra-frequency measurements for RedCap UEs can be updated as follows:
For RedCap UEs, intra-frequency measurements can be clarified as: A measurement is defined as a SSB based intra-frequency measurement provided the centre frequency of the reference SSB of the serving cell indicated for measurement and the centre frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs are also the same.
CD-SSB and NCD-SSB neighbor cell measurements
For neighbor cell measurements, even in legacy Rel-15, neighbor cell measurements in SSB other than CD-SSB are possible, and there is no distinction between CD-SSB and SSB other than CD-SSB in the RAN4 specification. Additionally, RAN2 has decided that handover shall only be based on CD-SSB. Therefore, there might be a case in which the network configures the UE with both CD-SSB and NCD-SSB measurements for neighbor cells. Thus, the UE shall perform measurements in all SSBs indicated by the network. 
For neighbour cell measurements, the UE shall perform measurements in all SSBs configured by network.
Delay requirements for NCD-SSB based measurement 
The difference between CD-SSB and NCD-SSB is that the NCD-SSB is not associated to an RMSI. Therefore, for all procedures that do not require the UE to decode SIB 1, it can be assumed that the requirements for NCD-SSB / CD-SSB measurements are the same. 
If the neighbor cell’s NCD-SSB information such as frequency and SCS are provided/ available to the UE, the CD-SSB and NCD-SSB-based measurement requirements are the same. 
Periodicity of NCD-SSB 
RAN2 has made the following working assumption:
	RAN2 #116-bis e  and RAN2 #117 e:
The working assumption “The periodicity of NCD-SSB shall be not less than the periodicity of serving cell’s CD-SSB.” is confirmed.




In the last RAN4 meeting, three options were discussed: 
	Periodicity of NCD-SSB 
· Proposals
· Option 1 (Apple, MTK, Xiaomi, vivo, QC):    RAN4 to assume that periodicity of NCD-SSB is same as periodicity of corresponding CD-SSB from the same cell.
· Option 2 (QC, E///, Apple, MTK, vivo): The periodicity of NCD-SSB cannot be configured to be greater than 160ms.
· Option 3 (CMCC): NCD-SSB periodicity is up to NW. 



The purpose of introducing the NCD-SSB design for RedCap UEs is to offload RedCap UEs from the initial BWP. Therefore, the UEs should be able to do most of the procedures without retuning to the CD-SSB BWP and thereby requiring measurement gaps in RRC_CONNECTED state. In order to fulfil current timing requirements in TS 38.133, the RedCap UE must have an SSB available in the last 160 ms. Moreover we propose in the companion paper on timing requirements [10] that this SSB needs to be within the active BWP due to complexity reduction. Therefore, while it is up to the network to configure the exact periodicity of NCD-SSB, it is reasonable that it should not be greater than 160ms. 
The periodicity of NCD-SSB cannot be configured to be greater than 160 ms. 
Conclusion
This contribution has discussed open issues from RAN4 #102-e on measurement requirements for RedCap UEs with 1 Rx and on measurement requirements for operation with NCD-SSB. 
Following observations are made.
1. According to our simulation results, the successful acquisition of NR PSS/SSS for a RedCap UE with 1 Rx requires at most: 2 samples in FR1 and FR2, which is the same as in Rel-15.
The simulations show that in order to achieve 99% the time index detection delay should be extended by 2 samples in RedCap with 1 Rx for FR1 at -6dB compared to legacy UE with 2 Rx.
RAN4 agreed in RAN4 #102 that the measurement period for SSB based L3 measurements in FR1 for 1 Rx RedCap is the same as in Release 15. 
According to our simulation results, the absolute RSRP accuracy degradation due to reducing the number of Rx branches is up to 0.74 dB in FR1 with the TDLA-30ns channel
For AWGN channel, the accuracy degradation due to reducing the number of Rx branches is up to 0.41 dB in FR1.
The network indicates to the UE which SSB(s) of the serving cell to measure by configuring a measurement object whose ID is indicated by servingCellMO.
The SSB of the serving cell indicated for measurement in the servingCellMO can be either a CD-SSB or NCD-SSB or both. 
According to RAN 2 agreements, there is at most one SSB configured for measurements within a BWP.  
In general, if there is no difference on the requirements for CD-SSB or NCD-SSB measurements in RRC_CONNECTED state, there should not be a differentiation in the specification. 
Following proposals for agreement are submitted.
1. Time period for PSS/SSS detection, TPSS/SSS_sync_intra and TPSS/SSS_sync_inter, for RedCap UEs with 1 RX is extended by 1 sample in FR1.
Do not extend the lower bound for PSS/SSS detection delay.
Extend the time index detection delay in FR1 by 2 samples for RedCap UE with 1 RX.
For SSB-based RRM measurements, relax the absolute and relative accuracies by 0.5 dB compared to legacy requirements for 2 Rx UE. 
Scenario B-2 should be supported. The impact to RRM requirements from scenario B-2 refers to the to the restricted scheduling availability when measuring each configured neighbour cell without NCD-SSB on the same frequency location using measurement gap(s). 
If only one SSB is indicated in serving cell MO, either CD-SSB or NCD-SSB, this SSB is used as reference SSB for the definition of intra-frequency measurements. 
When both NCD-SSB and CD-SSB are configured for serving cell measurements, the UE shall use as reference the SSB within its active BWP. 
For RedCap UEs, intra-frequency measurements can be clarified as: A measurement is defined as a SSB based intra-frequency measurement provided the centre frequency of the reference SSB of the serving cell indicated for measurement and the centre frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs are also the same.
For neighbour cell measurements, the UE shall perform measurements in all SSBs configured by network. 
If the neighbor cell’s NCD-SSB information such as frequency and SCS are provided/ available to the UE, the CD-SSB and NCD-SSB-based measurement requirements are the same. 
The periodicity of NCD-SSB cannot be configured to be greater than 160 ms. 
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Appendix A
Table A1: General parameters for the L3 measurements simulations
	Simulation parameters
	Comments/values

	Carrier frequency for Cell 1 and Cell 2
	4 GHz
	30 GHz

	System bandwidth
	5 MHz; 10 MHz
	50 MHz; 100 MHz

	Prior knowledge of Cell 1 / Cell 2 by the UE
	No / Yes
	No / Yes

	DRX
	No
	No

	BS transmit antennas for SS blocks
	1 tx or single layer transmissions
	1 tx or single layer transmissions

	UE receive antennas
	1RX
	1RX

	Data and control channel subcarrier spacing
	The same as SS block subcarrier spacing
	The same as SS block subcarrier spacing

	Measurement period (in number of measurement samples)
	5, 6, 7, 8
	5, 6, 7, 8

	SS burst set configuration in Cell 1 and Cell 2:

	· Subcarrier spacing
	15 kHz; 30 kHz
	120 kHz; 240 kHz

	· Number of SS blocks per SS burst set
	1 
	1 

	· SS burst periodicity
	5 ms
	5 ms

	· Number of transmit antenna ports
	1 (the same port for NR-SSS, NR-PSS, NR-PBCH)
	1 (the same port for NR-SSS, NR-PSS, NR-PBCH)

	· SS block BW
	20 PRBs
	20 PRBs

	· Actual SS block transmissions
	always transmitted
	always transmitted

	



Table A2: Cell-specific parameters for the L3 measurements simulations
	Parameter
	Unit
	Cell 1
	Cell 2

	E-UTRA RF Channel number
	-
	Channel 1
	Channel 1

	NR-PSS and NR-SSS sequences
	-
	To be indicated by companies
	To be indicated by companies

	PBCH and DMRS power offset with respect to NR-PSS and NR-SSS
	dB
	0
	0

	Data and control PSD relative to NR-PSS and NR-SSS
	dB
	0
	0

	RB Utilization
	%
	100
	100

	Data Modulation
	-
	QPSK
	QPSK

	Slot length
	-
	14 symbols
	14 symbols

	CP Length
	-
	Normal
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0

	1)Relative Delay of 1st Path (synchronous)
	µs
	0
	CP/2

	2) Relative Delay of 1st Path (asynchronous): Fixed delay
	Ms
	0
	3 ms

	SNR 
	dB
	6 dB
	1 dB

	Es/IoT (calculated from SNR)
	dB
	N/A
	-5.97 dB

	Propagation conditions
	-
	FR1:
AWGN
TDL-A 30ns
TDL-B 100ns
TDL-C 300ns

FR2:
AWGN
TDL-A 30ns

	UE speed
	
	FR1: 30 km/h
FR2: 3 km/h

	NOTE: the companies are encouraged to state channel model parameters together with the results, the parameters are to be further discussed and aligned




PBCH-DMRS time index detection
Table A5: Parameters for PBCH-DMRS time index detection
	Parameters
	Value

	
	FR1

	Carrier frequency
	4GHz

	Subcarrier Spacing for SSB
	15kHz, 30kHz

	SSB Periodicity
	20ms

	Transmit antennas
	1

	Receive antennas
	1

	Propagation conditions
	AWGN
TDL-A 30ns
TDL-C 300ns

	UE speed
	30 km/h

	CP type
	Normal CP

	PBCH-DMRS power offset
	0 dB

	PBCH SNR
	[-8 -7 -6 -5 -4 -3] dB

	Detection method
	One shot detection (without combining) 

	Performance metrics
	Detection rate = 99%
False alarm rate = 1%



