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1. Introduction
At RAN 92 meeting the revised WI “Support of reduced capability NR devices” [1] was approved. The RAN4 related objectives are copied below:

· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:

· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· A means shall be specified by which the gNB can know the number of Rx branches of the UE.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)
The impact of various complexity reduction techniques on the RRM requirements was discussed at RAN4 101e meeting and some agreements were achieved. In this contribution we provide our further considerations on the impact for measurement procedure of Redcap.

2. Discussion
In this contribution we focus on the following topics:
2.1  CSSF, gap related issues
For this topic we have the following open issues after RAN4 101bis-e meeting:
Inter-frequency without gap

· Option 1 (Xiaomi, Apple, vivo, ZTE, MTK, OPPO, QC, Nokia):
 RedCap UE won’t support ‘Inter-frequency without gap’ measurement capability in Rel-17.

· Option 2 (CMCC, HW): 
 RAN4 needs to consider ‘inter-frequency without MG’ capability when define RedCap RRM requirements.

· Option 3 (E///, HW, CMCC): Depends on whether the definition of ‘intra-frequency measurement’ and whether ‘NCD-SSB measurement for neighbour cell’ is supported
CSSF outside gap

· Option 1(E///):
RAN4 needs to clarify the definition of intra-frequency measurements considering the use of NCD-SSB for measurements for RedCap UE before discussing the CSSF design.
· Option 1a (E///): RAN4 agrees the CSSFoutside_gap,i = 1 for measurement outside gap provided that RAN4 agreed the RedCap UE NOT supporting ‘Inter-frequency without gap’

· Option 2 (HW, MTK, Nokia): Depends on agreement for “Inter-frequency without gap”
· Option 3 (Xiaomi, Apple, vivo, ZTE): CSSFoutside_gap,i = 1 for RedCap UE measurement outside gap based on Rel-15 requirement.

· Option 4 (CMCC):

· CSSFoutside_gap,I  PCC= 2, if configured inter-frequency mOs without MG when none of the SMTC occasions of this inter-frequency measurement object are overlapped by the measurement gap that are being measured outside of MG for RedCap UE.
· CSSFoutside_gap,I  PCC = 1 otherwise

· CSSFoutside_gap,I  PCC = 2*Y, for inter-frequency MO with no measurement gap, Y is the number of configured inter-frequency mOs without MG when none of the SMTC occasions of this inter-frequency measurement object are overlapped by the measurement gap that are being measured outside of MG for RedCap UE;
· CSSFoutside_gap,I  PCC = 0 otherwise

CSSF within gap

· Option 1 (E///, MTK):
RAN4 needs to clarify the definition of intra-frequency measurements considering the use of NCD-SSB for measurements for RedCap UE before discussing the CSSF design.
· Option 1a (E///): The current design for CSSF within gap could be reused for RedCap UE provided that the definition of intra-frequency measurement for RedCap UE is as follow.
· the centre frequency of the CD-SSB or 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.

· the subcarrier spacing of the two SSBs are also the same.

The agreements can be revisited once RAN4 has agreement on the definition of intra-frequency measurement.

· Option 2 (Xiaomi, Apple, vivo, ZTE, HW, CMCC, OPPO, Nokia): The current design for CSSF within gap could be reused for RedCap UE.

· Option 3 (E///, CMCC): RAN4 needs to revisit the design for CSSF within gap/gap sharing scheme to promote pCell’s measurement.

· Option 3a (CMCC): Consider to add additional two values of measGapSharingScheme factor for RedCap UE, e.g. 85%, 95%.
Basically, the CSSF design outside gap and within gap depends on whether the inter-frequency measurement without gap will be supported or not. As the Redcap UE is not CA capable, the default searcher should be 1. For the inter-frequency measurement without gap introduced in Rel-16, considering the time frame of Rel-17 and its impact on CSSF design when it is considered, we prefer option 1 for “Inter-frequency without gap” issue. With option 1 the design for CSSF outside/inside gap is also straightforward.  
Proposal 1: For the issue “Inter-frequency without gap”, prefer that RedCap UE won’t support ‘Inter-frequency without gap’ measurement capability in Rel-17, i.e., option 1. 

Proposal 2: For the issue “CSSF outside gap”, prefer that CSSFoutside_gap,i = 1 for RedCap UE measurement outside gap based on Rel-15 requirement, i.e., option 3; For the issue “CSSF within gap”, prefer that the current design for CSSF within gap could be reused for RedCap UE, i.e., option 2. 
2.2  PSS/SSS detection with 1 Rx
We have the following agreements after RAN4 101bis-e meeting:
If number of attempts are increased, how much to increase for FR1

· Option 1 (Apple, HW): 2 samples 

· Option 2 (vivo, MTK, Nokia, HW, E///): 1 sample

· Option 3 (QC): Double the number of attempts

Whether to extend the lower bound in PSS/SSS detection delay

· Option 1 (Apple, HW, E///, vivo, Nokia, MTK): No in FR1 and FR2

· Option 2 (QC, OPPO): Yes for FR1

· Extend lower bound by factor X, e.g. X=2

· Option 2 (MTK): Extend the lower bound if detection delay is extended

We performed the PSS/SSS detection simulation, the results are shown as below:

Table 1: PSS/SSS detection delay

	SCS
	Propagation Condition
	90 percentiles of the PSS/SSS acquisition time

	
	
	-8dB
	-6dB
	-2dB

	
	
	1Rx
	2Rx
	1Rx
	2Rx
	1Rx
	2Rx

	15kHz
	AWGN
	4
	2
	1
	1
	1
	1

	
	TDL-A
	4
	3
	3
	2
	2
	1

	
	TDL-B
	4
	3
	3
	2
	2
	1

	
	TDL-C
	4
	3
	3
	2
	2
	1

	30kHz
	AWGN
	4
	2
	1
	1
	1
	1

	
	TDL-A
	4
	3
	3
	2
	2
	1

	
	TDL-B
	4
	3
	3
	2
	2
	1

	
	TDL-C
	4
	3
	3
	2
	2
	1

	120kHz
	AWGN
	4
	2
	1
	1
	1
	1

	
	TDL-A
	4
	3
	3
	2
	2
	1

	240kHz
	AWGN
	4
	2
	1
	1
	1
	1

	
	TDL-A
	4
	3
	3
	2
	2
	1


According the above simulation results, we have the following proposal for above open issues:

Proposal 3: One sample need to be increased for PSS/SSS detection when 1Rx is used for FR1.
We understand there is no need to extend the lower bound in PSS/SSS detection delay.

Proposal 4: There is no need to extend the lower bound in PSS/SSS detection delay for FR1 and FR2.
2.3 Time index detection with 1 Rx
For the time index detection with 1RX, we have the following open issues:

If extended, how much to extend time index delay in FR1

In section 6.1.2, it is agreed that RAN4 to extend time index delay in FR1 (PBCH-DMRS detection).

· Option 1 (Apple, E///, MTK): by 1 SMTC

· Option 2 (HW): Doubled, i.e. 6 samples needed in total

· Option 3 (QC, HW): 7 attempts
If extended, how much to extend time index delay in FR2
In section 6.1.2, it is agreed that time index delay in FR2 (MIB decoding) is extended.

· Option 1 (vivo): 8 samples needed in total.

· Option 2 (HW,MTK): 11 samples needed in total

· Option 3 (E///):  4 samples needed in total 
We performed the time index detection simulation and the results are shown as below:

Table 2: PBCH-DMRS time index reading for FR1

	Case
	Number of acquisition attempts

	
	15kHz
	30kHz

	Propagation Condition
	SNR (dB)
	1Rx
	2Rx
	1Rx
	2Rx

	AWGN
	-8
	1
	1
	1
	1

	
	-7
	1
	1
	1
	1

	
	-6
	1
	1
	1
	1

	
	-5
	1
	1
	1
	1

	
	-4
	1
	1
	1
	1

	
	-3
	1
	1
	1
	1

	TDL-A
	-8
	3
	2
	3
	2

	
	-7
	3
	2
	3
	2

	
	-6
	2
	2
	2
	2

	
	-5
	2
	2
	2
	1

	
	-4
	2
	1
	2
	1

	
	-3
	2
	1
	2
	1

	TDL-B
	-8
	3
	2
	3
	2

	
	-7
	3
	2
	2
	2

	
	-6
	2
	1
	2
	1

	
	-5
	2
	1
	2
	1

	
	-4
	2
	1
	2
	1

	
	-3
	2
	1
	2
	1

	TDL-C
	-8
	3
	2
	3
	2

	
	-7
	3
	2
	2
	2

	
	-6
	2
	2
	2
	2

	
	-5
	2
	1
	2
	1

	
	-4
	2
	1
	2
	1

	
	-3
	2
	1
	2
	1


Table 3: PBCH reading time for FR2

	Case
	Number of acquisition attempts

	
	120 kHz
	240 kHz

	Propagation Condition
	SNR (dB)
	1Rx
	2Rx
	1Rx
	2Rx

	AWGN
	-8
	7
	1
	6
	1

	
	-7
	2
	1
	3
	1

	
	-6
	2
	1
	1
	1

	
	-5
	1
	1
	1
	1

	
	-4
	1
	1
	1
	1

	
	-3
	1
	1
	1
	1

	TDL-A
	-8
	9
	5
	11
	5

	
	-7
	8
	4
	8
	4

	
	-6
	6
	3
	6
	3

	
	-5
	5
	2
	6
	2

	
	-4
	5
	2
	5
	2

	
	-3
	4
	2
	3
	2


According the above simulation results, we have the following proposal for above open issues:

Proposal 5: One sample need to be increased for time index detection when 1Rx is used for FR1, i.e., total 4 samples are needed for 1Rx for FR1.
Proposal 6: Three samples need to be increased for PSS/SSS detection when 1Rx is used for FR2, i.e., total 8 samples are needed for 1Rx for FR2.
2.4 SSB based L3 measurement with 1 Rx
For SSB based L3 measurement with 1RX, we have the following open issues:

Method for defining 1 Rx requirements for SSB based measurement, FR1 and FR2
· Option 1 (vivo, ZTE, Nokia, HW, E///, MTK): Keep measurement period same as Rel-15
· Relax the accuracy based on 3 samples

· Option 2 (Apple, Oppo, QC): Only lower bound is extended while keeping the same number of samples.
How much to relax? FR1 and FR2

· Option 2 (Nokia, E///, Apple, HW): 1 dB

· Option 3 (MTK): 1.5 dB – 2 dB
If measurement period is extended, how much to extend? FR1 and FR2
· Option 1 (Apple): Lower bound extended to 400 ms and 800 ms for FR1 and FR2 resp as follows:

· Delay is max(400ms, ceil( 5 x Kp) x SMTC period) x CSSFintra for FR1
· Delay is max(800ms, ceil(Mmeas_period_w/o_gaps x Kp x Klayer1_measurement) x SMTC period) x CSSFintra for FR2

Whether legacy RF margin can be considered for RedCap for FR1

· Option 2 (vivo, CMCC, E///, Nokia): Use same RF margin as in Rel-15 NR for RSRP accuracy requirements.
We performed the SSB based L3 measurement simulation, the results are shown as below:

Table 4：SSB measurement results for FR1

	Channel
	Samples
	Delta RSRP [dB]

	
	
	SCS =15kHz
	SCS =30kHz

	
	
	1Rx
	2Rx
	1Rx
	2Rx

	
	
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	3
	-0.53 
	0.28 
	1.01 
	-0.12 
	0.53 
	1.11 
	-0.56 
	0.28 
	1.00 
	-0.11 
	0.52 
	1.12 

	
	5
	-0.34 
	0.29 
	0.87 
	-0.03 
	0.47 
	0.95 
	-0.37 
	0.29 
	0.86 
	-0.03 
	0.47 
	0.94 

	TDL-A
	3
	-2.09 
	-0.15 
	0.89 
	-1.09 
	-0.09 
	0.70 
	-2.21 
	-0.15 
	1.02 
	-1.17 
	-0.08 
	0.79 

	
	5
	-1.35 
	-0.16 
	0.63 
	-0.86 
	-0.10 
	0.50 
	-1.44 
	-0.15 
	0.72 
	-0.89 
	-0.09 
	0.59 

	TDL-B
	3
	-2.37 
	-0.16 
	1.10 
	-1.24 
	-0.08 
	0.91 
	-2.47 
	-0.14 
	1.20 
	-1.31 
	-0.04 
	1.02 

	
	5
	-1.59 
	-0.15 
	0.79 
	-0.97 
	-0.08 
	0.69 
	-1.62 
	-0.15 
	0.87 
	-1.04 
	-0.06 
	0.77 

	TDL-C
	3
	-2.38 
	-0.14 
	1.25 
	-1.40 
	-0.04 
	1.08 
	-2.43 
	-0.14 
	-2.43 
	-1.43 
	-0.01 
	1.16 

	
	5
	-1.64 
	-0.14 
	0.90 
	-1.08 
	-0.06 
	0.83 
	-1.72 
	-0.13 
	-1.72 
	-1.11 
	-0.03 
	0.90 


Table 5：SSB measurement results for FR2
	Channel
	Samples
	Delta RSRP [dB]

	
	
	SCS =120kHz
	SCS =240kHz

	
	
	1Rx
	2Rx
	1Rx
	2Rx

	
	
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	3
	-0.58 
	0.28 
	0.99 
	-0.10 
	0.52 
	1.13 
	-0.56 
	0.29 
	0.99 
	-0.12 
	0.52 
	1.13 

	
	5
	-0.37 
	0.28 
	0.85 
	-0.02 
	0.47 
	0.96 
	-0.35 
	0.29 
	0.85 
	-0.02 
	0.47 
	0.95 

	TDL-A
	3
	-2.53 
	-0.16 
	1.27 
	-1.42 
	-0.03 
	1.13 
	-2.56 
	-0.14 
	1.21 
	-1.37 
	-0.01 
	1.06 

	
	5
	-1.74 
	-0.16 
	0.94 
	-1.12 
	-0.05 
	0.87 
	-1.70 
	-0.14 
	0.89 
	-1.06 
	-0.05 
	0.80 


According the above simulation results, we have the following proposal for above open issues:

Proposal 7: The RSRP accuracy for SSB based measurement for FR1 and FR2 needs to be relaxed about 1.5dB when 1Rx is used.
Similar to PSS/SSS detection, we understand there is no need to extend the lower bound for SSB based measurement. And the legacy RF margin can be considered for RedCap for FR1 when 1Rx is used.
Proposal 8: There is no need to extend the lower bound for SSB based measurement when 1Rx is used.

Proposal 9: The legacy RF margin can be reused for RedCap for FR1 when 1Rx is used.
2.5 Measurement conditions for HD-FDD UE
For the measurement conditions for HD-FDD UE, the following are open issues from [2]:
Priority between UL and DL during cell identification and measurement for HD-FDD
· Option 1 (Xiaomi, Apple, vivo, HW, MTK, OPPO): RRM DL measurement is prioritized over the UL transmission of HD-FDD for RedCap UE in cell identification and measurement requirement.

· Option 2 (CMCC, E///, Nokia): No measurement period relaxation or prioritization between measurement and dynamically scheduled UL transmission are needed. Clarification on available samples can be considered:
· “The UE shall meet the current requirements on cell identification (PSS/SSS detection defined in Table x.y.z for FR1 and FR2) provided that at least 5 SMTC windows are available at the UE during cell identification time.” 
· “The UE shall meet the current requirements on time index detection (defined in Table x.y.z for FR1 and FR2) provided that at least 3 SMTC windows are available at the UE during time index detection.” 

· “The UE shall meet the current requirements intra-frequency/inter-frequency measurement (defined in Table x.y.z for FR1 and FR2) provided that at least 5 SMTC windows are available at the UE during measurement period.”

As discussed before, we support option 1 which could be a general rule when the RRM DL measurement and the UL transmission have contradictions. However option 1 and option 2 may not be fully exclusive to our understanding. 
Proposal 10: For the priority between UL and DL during cell identification for HD-FDD, support option 1, i.e., RRM DL measurement is prioritized over the UL transmission of HD-FDD for Redcap UE in cell identification and measurement requirement.
3. Conclusion
In this contribution, we provide our considerations and have the following proposals:
Proposal 1: For the issue “Inter-frequency without gap”, prefer that RedCap UE won’t support ‘Inter-frequency without gap’ measurement capability in Rel-17, i.e., option 1. 

Proposal 2: For the issue “CSSF outside gap”, prefer that CSSFoutside_gap,i = 1 for RedCap UE measurement outside gap based on Rel-15 requirement, i.e., option 3; For the issue “CSSF within gap”, prefer that the current design for CSSF within gap could be reused for RedCap UE, i.e., option 2. 
Proposal 3: One sample need to be increased for PSS/SSS detection when 1Rx is used for FR1.

Proposal 4: There is no need to extend the lower bound in PSS/SSS detection delay for FR1 and FR2.
Proposal 5: One sample need to be increased for time index detection when 1Rx is used for FR1, i.e., total 4 samples are needed for 1Rx for FR1.
Proposal 6: Three samples need to be increased for PSS/SSS detection when 1Rx is used for FR2, i.e., total 8 samples are needed for 1Rx for FR2.

Proposal 7: The RSRP accuracy for SSB based measurement for FR1 and FR2 needs to be relaxed about 1.5dB when 1Rx is used.

Proposal 8: There is no need to extend the lower bound for SSB based measurement when 1Rx is used.

Proposal 9: The legacy RF margin can be resued for RedCap for FR1 when 1Rx is used.
Proposal 10: For the priority between UL and DL during cell identification for HD-FDD, support option 1, i.e., RRM DL measurement is prioritized over the UL transmission of HD-FDD for Redcap UE in cell identification and measurement requirement.
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