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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction

At last meeting good progress was reached in many areas of the RedCap requirements work and the big CR for TS 38.133/36.133 was agreed in [1, 2]. However, there are still many issue left affecting the closure of core part. Hence, the WI was extended and an exception request containing the remaining issues was approved in [3]. Following the 3GPP guidelines, the RAN4 WG is to focus on following CONNECTED mode tasks listed in the exception request as follows:
	· Measurement requirements in RRC_IDLE/INACTIVE states
· Paging reception requirements
· Small Data Transmissions requirements
· ..



In this contribution we discuss and provide our view on these two issues. 
2. Discussions

Paging reception
The impact on paging reception requirements has been discussed in RAN4 for last several meetings without much progress. The company positions are as follows where a clear majority of the comapines propose to reuse the legacy interruption requirements during paging reception for 1 Rx RedCap UE [4]. 
	Impact on paging reception requirements for FD-FFD/TDD UEs for 1 Rx
· Option 1 (Xiaomi, OPPO, CMCC, E///, MTK, vivo): For 1 Rx, there is no impact on the requirement for maximum interruption in paging reception, i.e. Rel-15 requirements shall apply to RedCap.
· Option 2 (HW):	For RedCap with 1RX, the interruption time shall not exceed TSI-NR + 3*Ttarget_cell_SMTC_period ms.



The reason to extend the interruption time during paging reception twofold [5]: 
a) one additional SSB needed to perform T/F synchronization
b) one additional SSB needed to decode complete PBCH

Regarding a), it shall be noted that at this the cell is already detected and known and availability of one SSB is the basic assumption for T/F in other similar RRM requirements. For example, the timing requirements assume at least one SSB available during a certain time period and this to enable the UE to perform correct T/F tracking. Similarly, avaibilty of at least one SSB is assumed for HD-FDD UE to meet the paging requirements. In yet another example, at least one SSB is assumed to be available prior to RA for the UE to meet the RA requirements. Therefore we don’t see need to extend the required number of SSBs for paging reception. 

[bookmark: _Ref95580663]Observation 1: Avaiability of one SSB is assumed in 1 Rx RedCap UE RRM requirements.

Regarindg b), the PBCH detection performance for 1 Rx UE in FR1 is shown in Figure 1. The results show that 1 SSB is sufficient to correctly decode PBCH at -6 dB SNR and thus no relaxation is needed.
[image: ]
[bookmark: _Ref99399477]Figure 1 PBCH-DMRS detection rate for 1 Rx UE based on the simulation assumptions in [7]
[bookmark: _Ref91888678]
Observation 2: 1 SSB is sufficient to correctly decode PBCH in FR1 for 1 Rx UE at -6 dB SNR. 
Proposal 1: Release 15 requirements on maximum interruption in paging reception shall apply RedCap UE with 1 Rx in FR1.

Small data transmissions
Following agreement was reached at last meeting [4]:
	SDT for RedCap with 2 Rx
For FDD and TDD, SDT requirements for RedCap UE with 2 Rx are reused from those defined for legacy NR UEs under Rel-17 SDT WI. 



The main issue remaining is related to 1 Rx requirement as follows [4]:

	SDT for RedCap with 1 Rx – time window
· Option 1 (vivo, E///, MTK): Time windows defining the valid measurements used for TA validation are reused from Rel-17 SDT discussions but need to be updated to reflect the RedCap 1 Rx measurement times (compared to 2 Rx measurement times).
· Option 1a (MediaTek): Support reusing the TA validation requirements from SDT rel-17 WI to SDT for RedCap in rel-17 with relaxed accuracy performance for the case of 1Rx RedCap.
· Option 2 (CMCC, HW, Apple): Discuss the time windows for 1Rx RedCap UE after the 2Rx requirements are agreed.



Good progress was reached in the SDT WI at last meeting as the core part of the WI was completed and the timing ranges definining the valid first and second measurements were agreed as follows [8]:
	Table 5.x.3-1 Valid measurement for FR1
	Measurement
	FR1

	RSRP1
	(T1 – min(640ms, M1*TDRX)) ≤ T1’ ≤ (T1 + min(640ms, M1*TDRX))

	RSRP2
	(T2 – min(640ms, M1*TDRX)) ≤ T2’ ≤ T2



Table 5.x.3-2 Valid measurement for FR2-1
	Measurement
	FR2-1

	RSRP1
	(T1 – [X1]) ≤ T1’ ≤ (T1 + [X1])

	RSRP2
	(T2 – [X1]) ≤ T2’ ≤ T2



Where the value of X1 for FR2 will be selected from 400 ms or 1280 ms. 



For the first measurement, 640 ms was agreed based on the longest CG-SDT periodicity and UE time drifiting (both due to UE moving and UE clock drifting) and these factors should not be affected by the reduction of Rx branches. Thus the agreed formulas for the first RSRP measurement can be reused for 1 Rx RedCap UE.
Proposal 2: The 2 Rx SDT requirements on timing range defining the first and second RSRP measurement in FR1 are reused for for 1 Rx RedCap UE. 
The timing range for first and second RSRP measurement in FR2 will be discussed at RAN4#103 meeting and one of the values 400 ms and 1280 ms will be selected. For similar reason as for RSRP1, whatever timing range agreed for 2 Rx UE can be reused for 1 Rx RedCap UE.
Proposal 3: The timing range defining the valid second RSRP measurement for 2 Rx UE in FR2 is reused for 1 Rx RedCap UE. 
In addition to the formulas defining the valid first and second measurements, the requirements on UE synchronization towards the serving cell shall also apply to RedCap but no modficiation is needed with respect to 1 Rx. If RAN4 decides to introduce further applicability conditions for SDT for the 2 Rx UE, then they need to be considered for for RedCap as well.
[bookmark: _Ref91710844]Proposal 4: The requirements on UE synchornization towards the serving cell defined for 2 Rx SDT requirements are reused for 1 Rx RedCap UE. 
Proposal 5: The requirements on applicability conditions (if introduced) for 2 Rx SDT requirements are reused for 1 Rx RedCap UE. 

Frequency band groups
RAN4 has discussed how to capture the frequency band groups in TS 38.133 and reached following agremenet [6]:
 
	NR frequency band grouping for FR1 RedCap
For FR1:
Table 1: NR frequency band groups for FR1 for RedCap
	Group
	NR FDD
	NR TDD

	
	Band group notation
	Operating bands
	Band group notation
	Operating bands

	A
	NR_FDD_RC_FR1_A
	TBD
	NR_TDD_ RC_FR1_A
	TBD

	B
	NR_FDD_RC_FR1_B
	
	
	

	C
	NR_FDD_ RC_FR1_C
	
	NR_TDD_ RC_FR1_C
	

	D
	NR_FDD_ RC_FR1_D
	
	NR_TDD_ RC_FR1_D
	

	E
	NR_FDD_ RC_FR1_E
	
	NR_TDD_ RC_FR1_E
	

	F
	NR_FDD_ RC_FR1_F
	
	NR_TDD_ RC_FR1_F
	

	G
	NR_FDD_ RC_FR1_G
	
	NR_TDD_ RC_FR1_G
	

	H
	NR_FDD_ RC_FR1_H
	
	NR_TDD_ RC_FR1_H
	

	I
	NR_FDD_ RC_FR1_I
	
	NR_TDD_ RC_FR1_I
	

	J
	NR_FDD_ RC_FR1_J
	
	NR_TDD_ RC_FR1_J
	

	NOTE 1:	Except 3.8 GHz to 4.2 GHz.
NOTE 2:	Only 3.8 GHz to 4.2 GHz.
NOTE 3:	Except 1475.9 MHz to 1510.9 MHz.
NOTE 4:	Only when the band is confined in 1475.9 MHz to 1510.9 MHz.
NOTE 5:	These bands are used only in NR carrier aggregation with other NR bands according to NR CA band combinations specified in TS 38.101-1 [18] and TS 38.101-3 [20].
NOTE 6:	The minimum Io condition is reduced by 0.5 dB when the carrier frequency of the assigned NR channel bandwidth is within 865-894 MHz. 
NOTE 9:	When this band is only used for WAN service.



For FR2:
The FR2 bands (based on RF agreement) are defined in the existing Table 3.5.3-1 used for FR2 bands in clause 3.5.3.



The CRs containing different options concerning V2X/unlicensed and SUL bands were discussed at RAN#95-e meeting without any agreement. Following the previous RAN plenary meeting conclusion, “If any spec change/addition is found necessary in order to enable one of the options above then it will not happen in Rel-17.”, RAN4 RRM group will not develop any RRM requirements for V2X/unlicensed or SUL in release 17 for RedCap. Therefore even if these bands are introduced in the RF specification, the corresponding RRM requirements will still be missing. If these bands are added in the frequency band groups in section 3.5 in TS 38.133, this can be interpreted as all RedCap RRM requirements are applicable for those which is not the case. Therefore in order to avoid having broken or misaligned specification, a better approach is to capture the supported band for which RRM requirements apply in the side condition tables in Annex B1 and B2 for IDLE and CONNECTED mode respectively. 

Proposal 6: RAN4 to capture the band groups for which RRM requirements apply in Annex B1 and B2 for IDLE and CONNECTED mode respectively.
Proposal 7: RAN4 to capture the band groups for which RRM requirements apply in Annex B1 and B2 for IDLE and CONNECTED mode respectively.
3. Summary
[bookmark: _Hlk23953093]In this contribution we have discussed the general open issues related to paging reception, band groups, and SDT. Based on the discussions, we have made following proposals:

Observation 1: Avaiability of one SSB is assumed in 1 Rx RedCap UE RRM requirements.
Observation 2: 1 SSB is sufficient to correctly decode PBCH in FR1 for 1 Rx UE at -6 dB SNR. 
Proposal 1: Release 15 requirements on maximum interruption in paging reception shall apply RedCap UE with 1 Rx in FR1.
Proposal 2: The 2 Rx SDT requirements on timing range defining the first and second RSRP measurement in FR1 are reused for for 1 Rx RedCap UE. 
Proposal 3: The timing range defining the valid second RSRP measurement for 2 Rx UE in FR2 is reused for 1 Rx RedCap UE. 
Proposal 4: The requirements on UE synchornization towards the serving cell defined for 2 Rx SDT requirements are reused for 1 Rx RedCap UE. 
Proposal 5: The requirements on applicability conditions (if introduced) for 2 Rx SDT requirements are reused for 1 Rx RedCap UE. 
Proposal 6: RAN4 to capture the band groups for which RRM requirements apply in Annex B1 and B2 for IDLE and CONNECTED mode respectively.
Proposal 7: RAN4 to capture the band groups for which RRM requirements apply in Annex B1 and B2 for IDLE and CONNECTED mode respectively.
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